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Preface 

When we gathered in Fort Collins nearly 

three years ago to discuss low-cost extrusion 

cooker (LEC) technology, the picture differed 

significantly from today's. Whereas the 

majority of LEC projects were just on the drawing 

board at the time of that first international 

workshop and tentative expressions of interest 

were the order of the day, reports at Dar es 

Salaam were of actual testing and production 

experiences. This time the mood was one of 

enthusiastic optimism based on results, 


It was heartening to hear how much LEC
 
technology as a means to produce nutritious foods 

at low cost has spread in a relatively short 

time. For example, the Tanzania plant is pro-

ducing a baby food called "Lisha," composed of 

locally-grown maize and soy, milk, and imported 

vitamin and mineral additives, for distribution 

to maternal-child health centers. Other appli-

cations include the manufacture of "Thriposha" 

for food donation programs in Sri Lanka, where 

construction of a new dual Brady cooker pro-

cessing complex is slated for completion this 

fall. In Costa Rica the recently installed CARE 

plant, jointly financed by CARE and an AID 

operational program grant, is scheduled to be-

gin production of fortified CSM and full-fat soy 

flour in May. In Bolivia, where initial pro-

duction of "Maisoy" was for use in government 

feeding programs, the Nutrinal Company is now 

marketing its expanding line of Brady-processed 

products commercially. The Guyana Pharmaceu-

tical Corporation in Georgetown is currently
 
engaged in test marketing and plans to begin pro-

duction of its LEC baby food "Cerex" in 1979. 


G. Richard Jansen 

Project Co-Director 

Department of Food Science 

.and.Nutrition 


Colorado State University 


In Chihuahua, Mexico, Brady-processed full-fat
 
soy flour is being used by Productos Alimenti
cios Delicias as a fortifying ingredient in a
 
variety of food products sold in the market
place. Other countries, such as Thailand,
 
Honduras, and the Philippines, are involved in
 
product formulation and testingor other ac
tivities preliminary to establishing produc
tion facilities. And additional formulations
 
are being tested on Brady cookers rrovided
 
for that purpose in Pakistan and Guate
mala.
 

As Dr. Martin Forman of AID's Office of
 
Nutrition points out in his letter on the
 
following page, these developments in LEC
 
technology transfer are the result of cooper
ation among "like-minded people from different
 
organizations in a variety of settings." It is
 
true that since AID first provided funds for
 
this program through USDA to Colorado State
 
University in 1974, many people in many
 
countries have made valuable contributions to
 
its success. An outstanding example of this
 
colliborative attitude is the National Milling
 
Corporation's willingness, on behalf of the
 
Tanzanian Ministry of Agriculture, to co-host
 
the workshop in Dar es Salaam. Their gracious
 
hospitality and that of their countrymen will
 
not be forgotten. And in the same vein of
 
cooperation, we would be remiss nct to cite the
 
USAID Mission in Dar es Salaam for providing
 
indispensable support services.
 

It is a pleasure for us to transmit to you
 
the formal proceedings of the workshop.
 

R. E. Tribelhorn
 
Project Co-Director
 
Department of Agricultural
 

and Chemical Engineering
 
Colorado State University
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Ler from Dr. Martin J. Forman, Director, AID Moice of Nutrition, to Dr. 0. Richard
 
Jmneen, ProJect Co-Director, Colorado State Unlverlty
 

DEPARTINT OF STATE
 
AGENCY FOR INTERNATIONAL DEVELOPMENT
 

WASHINGTON, D.C. 20523 

January 10, 1979
 

Dr. G. Richard Jansen, Project Co-Director
 
Department of Food Science and Nutrition
 
Colorado State University
 
Fort Collins, Colorado 80523
 

Dear Dick:
 

The 1970's have certainly been turbulent years for international nutrition. When the decade be
gan, there was still a strong clamor to attack the "protein crisis"; a short time later under
standing of nutrition requirements changed, and the "crisis" diminished 3harply. In 1970, the
 
"green revolution" was still being hailed as a dramatic break-through which held high promise for
 
solving the world's food supply problem; shortly thereafter, the alternating weather years, first
 
bad, then good, brought back the reality of how dependent world agricultural production still is
 
on the weather. Oil prices went up in the mid 70's and the price of agricultural inputs--and
 
food--went haywire.
 

The 1974 World Food Conference produced a consensus by government's and international aid agencies
 
on the need for drastic action in agricultural development, food security, food aid and nutrition.
 
Four years later the follow-up record is mixed. Some of the 
sense of urgency has disappeared,

and the track record in responding to WFC nutrition recommendations is poor.
 

One thing that has remained constant throughout the period, however,is the steady and persistent
 
progress being made by a small army of private voluntary organizations, the rank and file workers
 
in government nutrition programs, and a dedicated group of pragmatic professionals who have some
how managed to employ new technologies and scientific methods without losing touch with the
 
realities at the grass roots level.
 

A number of modest but important developments have occurred. None is earth-shaking by itself,
 
but each contributes to the objective of reducing malnutrition in developing countries. The
 
achievements are little heralded, but they make their impact on the people who are served, and
 
they slowly but surely spread to affect additional people and programs.
 

I believe the developments in low-coot extrusion cooking over the past four or five years are a
 
good example of the way in which sound research and development should be carried out to test and
 
introduce a new technique. It required imagination, the courage to proceed with a new idea,
 
patient and diligent testing, restraint to avoid oversell, technical and managerial excellence
 
.and the cooperation of like-minded people from different organizations in a variety of settings.
 

The number of projects has been small, but the high quality of these efforts has produced answers
 
which will make possible intelligent policy and programming decisions regarding low-cost
 
extrusion cooking in the years ahead.
 

I regret that I cannot attend the workshop in Tanzamia, for I would have enjoyed hearing progress
 
reports first-hand, and I would have liked to participate in the discussions and decisions
 
regarding next steps. I will, however, look forwav:d to reading the proceedings and talking to
 
you when you return from the workshop.
 

In the meantime, I wish you a stimulating and en. oyable meeting. Please convey my regards to our
 
many friends and colleagues at the meeting and cxpress my thanks to the Government of Tanzania
 
authorities who have graciously,offered to co-bost the meeting.
 

Sincerely,
 

Martin J. Forman, Director
 
Office of Nutrition
 
Development Support Bureau.
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http:EXPERIEN.'.ES


Welcome 

Johnson W. Kihampa
 
Executive Chairman
 

The National Milling Corporation
 
Dar es Salaam, Tanzania
 

On behalf of all workers of the National 

Milling Corporation, I have much pleasure in 

welcoming you to this workshop, the first one of 

its kind in this country. 


This workshop has been organized at a 

time when you will be able to see the opening 

of the baby food plant, which was built through

the initItive of the United States Agency 

for Int.,rnational Development as represented 

by Dr. Richard Podol, who initiated and super-

visea the complete installation of the plant. 

In addition to the technical know-how which 

USAID provided through Colorado State Univer-

sity, the United States also provided all the 

machinery, valued at US $50,000. 


It may be appropriate here to give a short 

background history of the baby food plant. 

As I mentioned earlier, the initiator of the 

plant was USAID. The National Milling Corpor
ation, on behalf of the Government of the 

United Republic of Tanzania, agreed to house 

the project at their premises at Pugu Road 

Branch. For this purpose one of the old NMC 

buildings had to be renovated to suitably

accommodate the machinery. This work cost 

the NMC aboutT.Shs. 200,000. l/ 


,M 

,. .... 


- " '' 


-7 


Typical scene in Dar es Salaam's busy.harbor, 


1/Approximately $27,000 at the current exchange
rate rim 7.40 = $ t.00.T.Shs. 


The National Milling Corporation also
 
provided all the tech~iicians required to install
 
and ultimately run the plant. Tribute must
 
be paid to Mr. B. Nyakunga, chief engineer of
 
the corporation, who worked hand-in-hand with
 
Doctor Podol in the overall supervision of the
 
installation of the machines.
 

Ladies and gentlemen, certainly my wel
coming speech wou)d be incomplete if I didIL't
 
mention here the useful work performed by the
 
coordinating committee, composed of represen
tatives from NMC, USAID, Tanzania Food and
 
Nutrition Center, MCH, TISCO, etc. It is
 
through their good work and timely advice that
 
the successful installation of the baby food
 
plant has been achieved. The food plant was
 
completed during the first quarter of 1978,
 
and it was commissioned by CSU in May of the
 
same year.
 

The factory has a capacity of 4 tons of
 
baby food per day operating for one 8-hour
 
shift. It may interest you to know that most
 
of the raw materials used are obtained locally;
 
only the vitamin and mineral premixes and milk
 
are being imported from the U.S.A. The food
 
is being packed in 2-kg. polythene transparent
 
plain or printed bags. For ease of transporta
tion, these bags are also put into 20-kg. car
tons before they are dispatched to the regions.
 

Our baby food is known by the name "LISHA' 
which means "feed," and until now we have been
 
able to distribute it to a number of health
 
centers where MCH serves it to infants under
 
five years old. However, we have not yet been
 
able to distribute LISHA to all regions; as a
 
trial exercise, we have limited distribution to

such regions as Dar es Salaam, Coast and Tanga.
 
We are intending to extend the service to
 
Morogoro and Dodoma Regions in the not-too
distant future.
 

Regarding the workshop for which we have
 
gathered here, I wish to expresi, on behalf of
 
all my colleagues, my sincere thanks to USAID,
which represents the government of the U.S.A.,
 
for organizing it. It is my fervent hope that
 
all participants in this workshop will serious
ly absorb all the good knowledge that will be
 

delivered to them by the experts from the var
ious countries. For Tanzania ti~is workshop is
 

7.4 =
rate1,f .ShS$.00
 



takinS place at a most appropriate time, for 

we n3ed experts in the field which is being 
discussed in this workshop. Fortunately, too, 
the workshop happens to take place during 
"Children's Year," as the year 1979 has been 
universally declared. So we can hopefully say 
that this is a workshop that is being conducted 

at the right time and certainly at the right 

place.
 

Mr. Chairman, ladies and gentlemen, I 

need hardly emphasize here the importance of 

producing good nutritious food for our children 

all over the world, especially in the develop-


Ing world. We in the developing world stll 
experience a painfully high rate of infant 
mortality, and one of the major causes for this 
calamity is the lack of proper and balanced 
food for infants. The organization of this 
workshop is definitely an event that is most 
welcome by all child-loving parents of our
 
country.
 

Last but not least, may I kindly cake
 
this opportunity to welcome you to Tanzania.
 
I hope you will enjoy your stay in our
 
country and will feel quite at home.
 

I wish you a very successful workshop.
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:--Opening Remarks 

The Honorable James Spain
 
U.S. Ambassador to the United Republic of Tanzania
 

Dar es Salaam, Tanzania
 

Thank you,Dr. Jansen. It's a pleasure 

for me to address the opening session of this 

workshop. 


Most of you in this room are development 

people. My profession is that of a diplomat, 

Now diplomats, at all cost, avoid friction -
when nations press too closely against each 

other, try to compress too tightly their af-

fairs; or when they otherwise crowd each other, 

there is always trouble. You, on the other 

hand, seem to have taken the principle of 

friction and found a way to make good nutri-

tious food out of it. If you have an extra 

hour during the upcoming days, I think the 

world would be very grateful if you could fi-

gure out a way to transfer that technology 

to diplomacy. 


The thesis "Feed the Hungry" is a central 

one in all the great religions and, I think, 

all the great secular societies. It is proba-

bly one of the few universal principles in 

the world. My particular experience here 

during the past three years in Tanzania has 

been that while at this point in history many 

issues of the world are not going very well,
 
this one at least as I have seen it here is
 
going quite well.
 

Three years ago the principal business
 
discussed by our government and the Govern
ment of Tanzania was in the food area. The
 
main thing we talked about to the National 
Milling Corporation and to the other state 
agencies was Public Law 480 -- food imports -
to try to help take care of the gap that re
sulted from the drought of 1974-1975. 

Yet this week a group is gathered here
 
to talk not about food imports, locally pro
duced food or increasing food production, but
 
rather how to apply a new and very important
 
technology to locally-produced food. Things
 
have come a long way.
 

In Tanzania and in a number of otber countries
 
this progress in making food available, it
 
seems to me, has brought a couple of other
 
concepts with it that are terrib:y important.
 
One really is equity, egalitarianism, justice 

-- whatever you want to call it. It is the 


idea that no one should live in plenty and
 
luxury while someone else is hungry. That
 
wasn't merely a question of producing food
 
and applying new technology to it, but trying
 
to do so in such a way as to see that the
 
benefits got to all of the people.
 

Another concept, which again I have seen
 
played out very successfully in the past three
 
years here, is that of self-sufficiency -- the
 
idea that not only should a government or
 
leadership be able to produce the food its
 
people need, but that it should be able to do
 
so in a consistent, reliable and dependable
 
way. This ultimately means doing it your
self. The progress in this area we have seen
 
here is evident even in our manner of talking.
 
Mr. Madallali and I used to talk about when
 
a shipment of maize was coming in and what the
 
storage situation was. Today we are here
 
talking not about what you do to that maize
 
or how you produce more maize to fill his
 
warehouses, but what you can do to serve a
 
particular purpose, that of making weaning
 
food, with the grain produced here already in
 
his warehouses.
 

Modern architecture dots
 
the Dar es Salaam skyline.
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What you are doing here this week, there-

fore. to very important indeed; and it is as 

important to me and my kind as it is to you. 

I am very grateful that you asked me to come, 

and I offer my most sincere good wishes for a 

very successful conference. May any friction
 

you generate in your discussions be exclu
sively of the kind that produces good, nutri
tious, intellectual food and -- as I'm sure 
the sponsors would want me to say -- at low 
cost.
 

Thank you.
 

Participants are welcomed to the workshop.
 

Opeing Remarks 

Dr.:Howard Steverson, Director 
U.S. Agency for.InternationalDevelpment 

Dar es Salaam, Tanzania' 

Thank you, Dr. Jansen. Good morning, la-
dies and gentlemen. On behalf of'the USAID 
Mission to, Tanzania, let me extend to you,a 
hearty welcome.
 

I'm like the new guy on the block in 

terms of the LEG activity. I've been here on-

ly eight months, so I really can't take a lot 

of credit for having developed the low-cost
 
extrusion plant. Nevertheless, I have had 


the great honor to watch its growth.- And we 
are especially pleased to be a part of the 
sponsorship of this conference. 

I am going to let you move right alonS
.
I look forward to seeing all of you during
 
the week and getting to know you on a per
sonal basis.
 

Thank you very much.
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Inaugural Address 

Dr. S.A. Madallali
 
Principal Secretary
 

Ministry of Agriculture, Tanzania
 

Ladies and Gentlemen, 


It gives me great pleasure to be here to-


day amidst techniciann and international or-

one of our basic
ganizations interested in 


responsibilities--that of combating malnutri-

tion, which is so vast in the developing 

world. On behalf of the Ministry of Agricul
ture and my Government, I have the honor to 


welcome you to Tanzania, and to Dar es Salaam 

I am sure you will enjoy your
in particular. 


short stay and deliberate effectively on how 


this new technology will help towards pro-

viding the much-needed low-cost nutritious 

supplementary foods. 


The necessity for balanced and nutritious 

foods for humanity, and especially so in de-


veloping and undernourished countries, cannot 

Toward this objective,
be over-emphasized. 


the Agency for International Development (AID), 


through a contract with the U.S. Department of
 

Agriculture, has actively supported ard direct-


ed efforts to identify methods of producing 

nutritious foods at low cost in developing 

countries, 


One such method is that of extrusion cook-


ing of indigenous cereals and legumes. The 


extruder used here is the Brady crop cooker, 


a simple inexpensive machine designed in the 


U.S. which has been tested at Colorado State 


University and found to be an appropriate 

means of making nutritious foods and food 


ingredients. Additional tests conducted 

elsewhere, for example, the East African 

Industrial Research Organization in 1975-1976, 


As part of
confirmed the positive results. 

its testing program, EAIRO produced 1-1/2 tons 


of maize/soya blended weaning food for ac-


c~ptability trials by the Tanzania Food and 

Tanzanian parastatal en-
Nutrition Center, a 


tity charged with food and nutrition issues. 


Geared towards the government policy of 


achieving self-sufficiency, and based on the 


encouraging results of the tests, the Nationpl 


Milling Corporation, a government parastatal 

organization responsible for grain (cereals & 


legumes) procurement, storing and processing, 


requested assistance through USAID in the form 


of a Brady crop cooker and ancillary equipment
 
for the production of a weaning food. As it
 

was planned, the food is composed of locally
grown maize and soya beans, milk and imported
 

premixes, viz.,,.atamin and mineral additives,
 
so as to produce a balanqw, nutritious fi

nished product.
 

The machinery was provided as requested
 
and was installed by the National Mi.ling Corp

oration. Test runs were conducted with expert
 

advice from Colorado State University repre
sentatives. The initial production has been
 
turned over to and distributed through the
 

Ministry of Health's Maternal-Child Health
 
Centers. U.S. Government funds were provided
 
by the Office of Nutrition, Development Sup

port Bureau, in Washington, D.C. The local
 
USAID office has all along worked closely with
 

Tanzanians in the preparation and implementa
tion of this project.
 

Ladies and gentlemen, just in passing it
 

isworthwhile mentioning that the scope of
 

low-cost extrusion cooker activities is world

wide, and that it has a lot to offer to devel

oping countries. The presence here of repre

sentatives of some seventeen (17) nations at

tests to its importance. Testing units have
 

been or are currently located in Guatemala,
 
India, Indonesia, Thailand, Kenya and Pakistan,
 

while demonstration/production facilities are
 

in operation in Costa Rica, Sri Lanka and, of
 

course, here in Tanzania. It is believed that
 

more will be heard in the course of delibera

tions and discussions during the workshop about
 

various institutional or personal experiences.
 

For us in Tanzania we are witnessing again
 

the endless efforts within government policy
 

to develop our country towards self-suffi
ciency in various sectors. It is within this
 

policy that we hail the inception of the Brady
 

cooker for the preparation of low-cost weaning
 

food -- a project which will to a large extent
 

be dependent on locally-cultivated crops,
 

thereby acting as a stimulus towards utiliza

tion of our agricultural products, and in ef

fect encouraging increased farm production
 
as well as serving the purpose of substituting
 

local foods for imported weaning foods or.
 

5
 



~g9 em~vaeatsand 


We else wish to note in appreciation the 
.eetribution mdo from the donor country, i.e.,
ts U.S., In asisting the endeavors of de-
velopiug countries in areas such as this. 
The goal of Improving human life as pare of 
the international concern fnr develop-
mnt is one we in Tanzania share. We will 
work tirelessly towards such aims and objec-
tive" so long as they contribute to the well-
being of a people. The outcome of this work-

shop is being awaited eagerly by my ministry
 
as we wish to conserve our meagre resources 

to spend them on very: pertinent, r"Jets. 
Technology hich i a shortcut to out aeeds 
should be given tdgh priority, 

Ladies and gentimen , I do not want to 
delay your program. You have such to learn 
from each other in this workshop. Please do 
discuss freely and a friendly manner, as you 
are in a friendly country. On behalf of the 
Ministry of Agriculture, I hereby declare 
the workshop open and wish you great re
sourcefulness in your discussions.
 

Thank you,, 
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An Overvtswiof the AID Nutrition Program 

Dr. Albert Henn
 
USAID Health, Nutrition and Population Officer
 

Dar es Salaam, Tanzania
 

I have been asked by the Office of Nutrition 

in Washington to provide you on their behalf 

a feeling for the general AID programming con-

text inwhich the LEC projects are being under-

taken. The aim of AID, in general, is to 

contribute to improving the quality of life of 

the poorest people in the developing countries, 

which cover about two-thirds of the earth's 

land area and contain about 74% of the 

world's population. An estimated 25t of the 

world's 4 billion people currently are con- 

sidered malnourished or are consuming lesa tl:n 

80% of the daily food requirement. There is 

severe malnutrition In every low-income coun-

try, where the most vulnerable population
 
groups--children in the first years of life 

and pregnant and lactating women--suffer from 

the consequences of malnutrition and'usually 

benefit last and least from increases'in 

family income. 


-


Malnutrition is increasingly recognized world- 

wide as one of the basic deterrents to overall 

development. I am not making these remarks 

to convert any of you, but to set the scene 

for the Congressional mandate that AID 

operates under. It is estimated that as many 

as a billion people are economically less 

productive due to nutrition-related problemws 

than they might be. The United States 

Congress, in reacting to this si .uation,has 

directed AID to give its highest priority to 

food and nutrition assistance programs. Most 

of AID's responsibility under this mandate is 

directed toward increasing agricultural output, 

yet a portion of AID funds is devoted expli-

citly to nutrition programming. The annual 

AID nutrition budget has gr0onu from $6.5 mil-

lion in 1973 to a current level of over $50 

million. This represents about 10 percent of 

the overall food and nutrition budget of AID. 


There is an Office of Nutrition at AID head-

quarters in Washington which is responsible 

for the development of agency nutrition assis-

tance strategies and for management of the AID 

nutrition programs in a way which is respon
sive to the need of the underdeveloped 

countries. The AID nutrition strategy is to 

increase the abilities of such countries to 

(1) analyze the nature, causes and magnitude 

of their basic nutrition problems; (2) deter-

mine the most productive, cost-effective and 

affordable ways to strike at the root causes 

of malnutrition; and (3) plan, implement, 


monitor and evaluate their own nutrition pro
grams. Thts relates to the whole concept of
 
self-sufficiency, which is held to be so
 
important by the Tanzanian Government and
 
which makes the low-cost extrusion cooker pro
ject so relevant to local needs in this
 
instance. This strategy emphasizes that
 
combating malnutrition requires a cocrdinated
 
effort involving agriculture, health, educa
tion, regional development--a cross-sectoral
 
approach. It focuses on alleviating malnutri
tion among the groups at highest risk: pre
school children and pregnant and lactating
 
women.
 

Most nutrition funds come from what we call
 
Section 103 funds, Food and Nutrition. Yet
 
some nutrition-related activities may not be
 
identified as such on AID's financial and
 
accounting records. We-have a lot of programs
 
which impact directly on the nutritional
 
status of individuals which come out of our
 
agricultural programs, out of hcalth programs,
 
out of education, use of mass media, etc.
 
These include such things as development and
 
transfer of technology adapted to the problems
 
of small producers; improving access by small
 
producers to inputs, credit and markets; facili
tating the development and improved utiliza

't'iot'6f land and water resources; and
 
assisting the development of rural infra
structure and of the institutions to serve the
 
rural poor. As examples, AID has actively
 
been involved in the production and multi
plication of improved seeds in Rwanda,
 
Tanzania, Cameroon, Nepal and Morocco; credit
 
programs geared to small farmers in Tanzania,
 
Bangladesh, and several other countries;
 
land registration, redistribution or resettle
ment;,small-scale irrigation; the production
 
of labor-intensive, high-value, nutritious
 
commodities such as grain legumes; improving
 
marketing systems for small farmers; support
ing the development of cooperatives and other
 
small farmer organizations; and assisting
 
rural access road development.
 

In many of these cases, the primary production
 
and consumption decisions are being made by
 
women. Yet traditionally the development
 
community has been insufficiently sensitive to
 
their needs and to the constraints affecting
 
their productivity and well-being. Given the
 
critical role of women in the causality of
 
malnutrition and as primary targets of
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nutrition improvement, there is a clear need 

for greater cognizance of women in the broader 

context of> agricultural and rural development. 


The agency has been less active operationally 

in programs designed primarily to generate 

employment for the landless, although it has 

provided assistance in the development of rural 

work programs in Bangladesh and Afghanistan. 

On the other hand, AID is financing research 

studies on participatory rural development and
 
the rural poor and has been giving serious 

attention to the issue of integrated rural 

development. Finally, the agency has been 

doing work in the area of post-harvest food 

losses. The nutritional implications of 

reduced losses will depend importantly upon 

their effects on consumption by the poor 

directly or through their effects on food 

prices, 


In the health sector, AID has a number of 

broad maternal self-health or cross-sectional 

programs which impact upon nutrition. Some of 

the best-known of these are the program in 

Thailand for the development and evaluation of 

a low-cost tystem for delivery of integrated 

health, population and nutrition services; and 

the development of a quasi-public institute in 

South Korea organized through the Economic 

Planning Board to design and operate a rural 

health delivery system according to local 

needs. There is a long list of additional 

health projects--which I won't recite now--

which contain important segments dealing di-

rectly with nutrition problems. 


In addition to agriculture, rural development 

and health projects discussed above which have 

an indirect, although important,effect on 

nutritional well-being, the agency bas been 

designing and implementing programs which bear 

directly and exclusively on malnutrition prob-

lems. These are those primarily which are 

overseen by the Office of Nutrition. AID 

inputs have been in the form of technical 

assistance, loans, and PL 480 food commodities, 

Technical assistance to date has concentrated 

on nutrition planning and analysis, the deter-

mination of effective nutrition interventions 

and on what might be called research back-

stopping or extending the state of the art in 

human nutrition. 


In the area of planning and analysis, AID has 

been assisting a dozen countries, thus far, to 

develop a certain capacity for national and 

local nutrition planning. One useful instru-

ment in this process has been a simplified 

means of assessing nutritional status. Such 

AID-assisted surveys have now been carried out 

in five countries, and six additional surveys 

are planned in the current fiscal year. These 

are surveys which have been undertaken in the 

past by Dr. Jelliffe at the University of 
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California at Los Angeles and the Nutrition
 
Unit of the Center for Disease Control in
 
Atlanta. The nutrition planning support has,
 
in large part, been implemented through a con
tract with the New Transcentury Foundation,
 
which has placed six or seven intermediate
 
nutrition planners in the appropriate minis
tries in various countries. In Cameroon,
 
my previous post, the individual was placed in
 
the Ministry of Economic Affairs and Planning.
 

Closely related is the assistance in the
 
design, implementation and evaluation of
 
direct nutrition intervention programs. AID
 
has been actively involved through regional
 
bureaus and missions, as well as through the
 
Development Service Eureau, Office of Nutri
tion, in carrying out systematic studies to
 
determine the relative cost and effectiveness
 
of child feeding programs, nutrition educa
tion, food fortification, and programs of
 
plant breeding for nutrient content and quali
ty. Of these direct interventions, the agency
 
has singled out the following for special
 
attention during the next few years: (1)
 
Village-level identificaLion and follow-up of
 
children at risk using weight surveillance,
 
nutrition education, and food supplementation.
 
Such programs are being developed in the
 
Philippines, Colombia, Indonesia, and several
 
Central American countries. (2) Interven
tions designed especially to reduce iron
 
deficiency, anemia and vitamin A deficiency.
 
AID has taken the initiative in organizing
 
international advisory consortia on both iron
 
and vitamin A. Operational activity is under
way in Haiti, Guatemala, Indonesia, Sri Lanka,
 
and El Salvador to develop programs aimed
 
specifically at the vitamin A problem. (3)
 
The development of intermediate appropriate
 
technologies primarily for the production of
 
weaning foods and for food fortification. One
 
example is the low-cost extrusion cooker
 
developed in the United States to process soy
beans for feed on the farm, but capable of
 
producing precooked, easily digestible foods
 
for young children. Such cookers are now in
 
place in Central America, Tanzania, Sri Lanka,
 
Thailand, and the Philippines, among others.
 
(4) Interventions designed to change
 
deleterious weaning practices, primarily
 
delayed provision of solid food and early
 
cessation of breast feeding. Affecting
 
these practices could have significant effect
 
on mortality and morbidity, the primary mea
sures of long-term nutritional change. The
 
Office of Nutrition has been testing some
 
potentially attractive means of affecting
 
these practices through the use of mass media
 
and extension techniques. Each of these
 
activities assumes cons..derable inputs from
 
U.S.-based and indigenous private voluntary
 
agencies. One of the things that the
 
Office of Nutrition is best known for within
 
the agency is the degree to which it has
 



supported the nutritional activities of 

private voluntary organizations--and I think 

that probably the majority of the nutrition 

programs being undertaken in the developing 

world are being undertaken through such
 
organizations. 


In terms of research backstopping, the agency 

has attempted to increase understanding of 

nutrition requirements under differing sets 

of conditions, the relative importance of 

caloric and protein deficiencies in popula-

tions, and the relationships of these defi-

ciencies to disease resistance. Direct 

technical assistance is being provided under 

development grants and development loans to 

more than 15 countries. Loans to implement
 
specific nutrition effots have been approved 

for ile, Colombia, Costa Rica, the Dominican 

Republic, Honduras, and Panama. In the case 

of the Dominican Republic and Panama, the 

loans cover both health and nutrition activi-

ties, but a specific component of the loan is 

earmarked for nutrition. Additional loans are 

under consideration for Nicaragua and Bolivia. 

These approved and proposed loans approximate 

$33 million. Development grant activities 

have been funded under AID technical assistance 

programs to Bolivia, Nicaragua, Brazil, Peru, 

Pakistan, the Philippines, Thailand, Zaire, 

Morocco, Tunisia and Haiti. These efforts 

amount to approximately $15 million, 

Additional nutrition activities are under con-

sideration for inclusion in the programs of 

about six additional countries. Most of these 

activities, either development loans or 


development grants fund programs in national
 
nutrition planning, nutrition education,"
 
data collection or training and food sup
plementation programs.
 

The agency to date has been uneven in its
 
initiation and development of direct technical
 
assistance and loan activities in nutrition.
 
While the Latin American Bureau and Latin
 
American missions are increasingly well-staf
fed and organized to make these inputs,
 
there have not been commensurate inputs in
 
other regions despite considerable effort by
 
the limited staff available. It is certainly
 
true in Africa that nutrition programming is
 
really just getting underway on a large scale.
 

Aside from the PL 480 support, seen by the
 
agency as an interim measure to help serve as
 
a buffer between the* present time and when
 
countries become self-reliant and are able to
 
meet their food needs locally, I think this
 
gives you an overview of the general kinds of
 
activities in nYirition that AID is involved
 
in and also gives you an idea of where the
 
low-cost extrusion cooker project fits in this
 
scheme. We expect that this workshop will be
 
a valuable experience for you all, and we
 
know that it will be valuable to AID in terms
 
of the issues that are dealt with, such as
 
marketing and management problems. We are
 
looking forward to working with answers that
 
this workshop adds to the state of LEC tech
nology, and from the standpoint of USAID/
 
Tanzania, I would also like to welcome you
 
all to Dar es Salaam.
 

9..
 



Transferring LEC Technology to Developing Countries:
 
From Concept to Application and Beyond
 

Paul R. Crowley
 
Nutrition and Agribusiness Group, OICD
 

United States Department of Agriculture
 
Washington, D.C., USA
 

In setting the stage for our workshop this 

week, it seems appropriate to review briefly the 

history of the activities on low-cost extrusion 

cooking, note the current status of our work,

and indicate what we hope to accomplish in the 

future. While it's a pleasure for me to do 

this, I also feel a little uncomfortable since 

most of the principal persons involved in LEC 

development are here in the workshop, and many

of you listening to me now know certain parts 

of the story of LEC better than I. Accordingly, 

if when I'm through you've noted some discrep-

ancies in my story, please speak out and set the 

record straight, for this is your story and you

know it best. 


While extrusion cooking as a technology 

goes back quite some years, the concept of low-

cost extrusion cooking, LEC as we've come to 

call it, is not much more than 10 years old. As

I understand it, LEC had its origins in the 

concept that farmers could, under some condi-

tions, extrusion-cook soybeans on the farm and 

feed them directly to livestock more economi-

cally than sell their beans to soybean crushers 

and then rebuy the defatted soybean meal for 

feed. I believe the merits of this scheme 

hinge heavily on the relative costs of soybean 

pil and soybean meal, and on certain other 

factors which vary sufficiently to cause the 

economics to shift about. But regardless of 

this, some innovative and pioneering men sought 

to develop the concept, and as a result, certain 

inexpensive, mass-produced extrusion cookers 

were developed which were capable of cooking 

soybeans and inactivating the growth-inhibiting 

enzymes that prevent their direct use for 

animal feed or for human food. 


One of those pioneers, Mr. Wayne Fox,

President, Triple F Company, Des Moines, Iowa, 

is here with us to participate in the workshop. 

Mr. Fox's work in the 1960's led to the develop-

ment of a simple extruder for dry-cooking soy-

beans. 
Mr. Fox sold his first machine in 

September 1969. Subsequently his company's 

machines have gone through a number of modifi-

cations, and to date several hundred of 

Trible F's InstaPro extruders have been sold. 

Although many of these are used for production

of new feed products, even today the machines 

are used actively for cooking soybeans for feed 

use. During the week perhaps Mr. Fox will give 

some insights about recent developments with 

the InstaPro extruders. 


About this same time the Brady-Farm

Division of Koehring Company entered the mar
ket with their Brady crop cooker, also -,
 
simple, inexpensive extruder designed specifi
cally for cooking soybeans. The Brady Model
 
206 is intended specifically for on-farm
 
cooking of soybeans; it is designed to receive
 
power directly from a farm tractor through a
 
power take-off and comes equipped with wheels
 
like many other farm implements. The Brady
 
Model 2160 has the same extrusion capabilities
 
but is designed as a stationary unit with an
 
electric motor attached directly to the
 
extruder, a design lending itself more to
 
small factory operations. These Brady
 
machines, like the Triple F InstaPro extruder,
 
were successful and effective for cooking soy
beans, and several hundred were sold for that
 
purpose.
 

These two machines were unique in that
 
they applied the principles of extrusion
 
cooking but at the same time were designed
 
for low cost and inexpensive mass production.
 
They were purposely engineered to be simple to
 
operate so that farmers and small feed mill
 
operators could run them without elaborate
 
skills or training. They were self-contained
 
and required no elaborate or expensive acces
sories like steam generators or driers since
 
they operated as "dry" extruders. At the
 
same time, they had a reasonably large output
 
of 500-1,000 pounds per hour. All in all,
 
these machines seemed to have many good fea
tures which attracted the attention of food
 
technologists at AID and USDA and, quite
 
independently, others like Pedro Bleyer in
 
Bolivia, whom you'll hear from later in the
 
program.
 

The primary reasons these low-cost extru
ders were of interest to us in government was
 
that for several years we had seen and
 
supported a growing interest in extrusion
cooked foods around the world. Extrusion
 
cooking had caught on as a very effective,
 
inexpensive way of making a variety of food
 
products such as precooked cereals like the
 
processed 
corn meal used in the children's
 
foods CSM and ICSM; full-fat soybean flour
 
used as a fortificant in blended foods;
 
textured vegetable protein used as an inexpen
sive meat substitute or extender; puffed

snacks and breakfast cereals; and certain
 
specialty products such as milk extenders.
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I believe it would be appropriate at this 

stage to acknowledge the outstanding contribu-

tions of Mr. Oak Smith and his coileagues of the 

Wenger Company, Sabetha, Kansas, who through 

their promotional program, informed the world of 

the great value of extrusion.cooking. Extruders 

provided by Oak Smith and by his competitors at 

Anderson IBEC and others were installed in 

developed and developing countries alike to make 

a broad spectrum of food products. Their 

machines as a class were very successful and 

still are, in that they proauce massive amounts 

of high-quality food products at very low costs,

The production scale models of these extruders 

churn out up to several tons per hour of cooked 

products, and even though the initial capital 

costs for the extruder and associated equipment 

are high, the unit costs of the product are
 
extremely low due to the high throughput. Thus 

in situations where high production rates are 

needed, these extruders are ideal. I'm not 

exactly sure how to quantify the term "high

production rate," but perhaps, speaking loosely, 

it might be 5,000-10,000 tons per year as a 

minimum, 


But in many instances high production rates 

aren't needed. For example, in some situations, 

situations illustrated by most of the production
 
programs which will be described at this work-

shop, only 500 to perhaps 2,000 tons per year 

are required. Clearly, under these circum-

stances production models of conventional 

extruders lose some of their appeal, since the 

extruder would be idle a very large share of the 

time. Depreciation and other fixed costs there-

fore would necessarily be concentrated in fewer 

pounds of output, and production costs would be 

high. 


It was in this setting that AID and USDA 

first started to look at the food-producing 

potential of those LEC machines which had been 

originally designed for cooking soybeans for 

farmers to feed to livestock. The idea was 

that if these simple, inexpensive, relatively 

low-capacity machines could make food-grade

products like precooked corn meal, full-fat soy

flour and TVP, they might well have useful low-

volume applications where their larger cousins, 

the conventional extruders, were inappropriate

because of their high capacity and corres-

ponding high capital cost. 


In March 1972, USDA arranged for explora-

tory tests of the Brady extruder in which soy-

beans and corn meal and mixtures of the two were 

extrusion-cooked and evaluated for food applica-

tions. The tests were considered highly suc-

cessful in that the analyses of the products and 

the potential system economics were favorable, 

As a result, AID decided to pursue the evalua-

tion further and to seek out useful applications

of this type of machine, 


I would like to point out here a factor
 
which influenced AID and USDA's role in study
ing and promotir3 LEC technology. In 1972,

LEC's were terribly inexpensive, around $3,000
 
for a Brady extruder. The profit margin per

machine was therefore only a relatively few
 
dollars, and many machines had to be sold in
 
order to provide satisfactory business profits.
 
The number of machines which might be required

for food production has always been an unknown
 
factor, but no one, particularly in the early

days, expected extremely large numbers to be
 
sold for food applications. Accordingly,
 
there was not much of a profit incentive for
 
extruder manufacturers to test out and develop

this market--the financial incentives just
 
didn't justify it.
 

On the other hand, AID and USDA had a man
date to identify, develop and make available
 
to developing countries new technologies for
 
producing low-cost, nutritious foods. In our
 
view, LEC technology had the potential to be
 
such a technology. Therefore, since it 
was
 
not feasible for private companies on their
 
own to explore food applications of LEC, and
 
it was within government's mandate, we took
 
the initiative.
 

The first step taken by AID and USDA was
 
to make test machines available to institu
tions around the world for testi,6 7e evalua
tion. For this purpose Koehring Company

loaned us three extruders. One was sent to
 
the Institue of Nutrition for Central America
 
and Panama (INCAP) in Guatemala, where
 
Dr. Ricardo Bressani has conducted its eval
uation. The second was sent to CARE in
 
Indonesia, where eventually the machine was
 
purchased by CARE and a replacement machine
 
sent to the Philippine Women's University in
 
Manila for evaluation by Dr. Ignacio Pablo.
 
You'll learn about both of these testing pro
grams later in the program. The third
 
machine was sent to the East African Indus
trial Research Organization (EAIRO) in
 
Nairobi and subsequently forwarded on to
 
Pakistan where it is now with the Pakistan
 
Council on Scientific and Industrial Research
 
(PCSIR).
 

The idea of this part of the program was
 
to give technologists and administrators an
 
opportunity to see LEC equipment in opera
tion, to evaluate the products, and hopefully,
 
to see opportunities where the technology

might be used to make food products in their
 
own countries. The program was successful in
 
that 
use of these machines did contribute to
 
decisions in several countries to proceed

with use of the technology. For example,

representatives of the Government of Tanzania
 
observed the EAIRO machine's operation, made
 
samples which were evaluated in Tanzania, and
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subsequently proceeded with the National Milling

Corporation (NHC) weaning food factory, which

we'll see and hear much more about later this
week. 
The INCAP machine has also contributed to

decisions on use of LEC machines. 
A group from
Guyana visied INCAP to study LEC operations

and subsequently after also visiting the

PRONUTRE and CARE people in Costa Rica, elected
to build a new weaning food factory using LEC

technology in Georgetown. Also, INCAP has

worked closely with representatives from 

Honduras and, as we'll hear later, the two 

groups are currently developing plans for a new
factory in Honduras. 


In the early stages of the testing program

it became evident quickly that our knowledge of
low-cost extrusion cookers was inadequate. To

remedy this and to provide a site for research, 

a source of expertise in LEC technology and a 

base for technology transfer, in August 1974
AID and USDA entered into a contract with

Colorado State University. This contract and

subsequent 
 extensions under the leadership of
Drs. Jud Harper and Dick Jansen have for the 

past 4 years represented the major AID/USDA

input into the program. CSU installed a pilot

plant with both Brady and Triple F extruders on
the CSU campus and made a broad study of the

capabilities and limitations of LEC machines.

CSU engineers have developed plant designs for
factories in Sri Lanka, Costa Rica, Guyana, and
here in Tanzania. 
They've developed and tested
manufacturing procedures, quality control tests 

and training manuals, and they've assisted with 

plant start-up and operator training around the
world. I believe many of you have met CSU's 

staff as they've traveled around the world,

including not only Jud and Dick, but also their
engineering staff of Ron Tribelhorn, Joe

Kellerby, David Cummings, and, in the early

days, Mary Stone. As an additional important

part of their program, CSU arranged to be an
information dissemination center for LEC tech-

nology. This workshop and the earlier one held
at CSU in June 1976 were organized by CSU's

David Wilson. 
As you can see, CSU's role in
technology evaluation, development and transfer

has been, and hopefully will continue to be,

a vital one. 


In addition to the two program elements

already cited (that is, the testing program

where LEC machines were made available for

evaluation and the CSU-based technology develop-

ment and transfer program), there has been one 

other major element, that of technology demon-
stration. 
This element has involved the installation and long-term operation of LEC factories 

to give proof that the technology is indeed 

viable and can be applied with confidence in

developing country settings. 


corn-soy-milk blend as a weaning food for

child feeding. 
 The factory is operated by

National Milling Corporation, a public sector
 
cmpany, and has been producing since last

May. 
NMC and others will be telling us about

the plant and showing it to us this week.
 

The Costa Rica factory has been built by

CARE/Costa Rica and is designed to produce

both corn-soy-milk and full-fat soybean flour

which will be paid for and distributed by the

Government of Costa Rica. 
The project to
 
build and operate the plant and a companion
project to develop local production of soybeans

were the outgrowth of work by Kurt Bachmann,

who was Director of CARE/Costa Rica until

retirement last summer. 
The plant its.elf is

completed and should start up sometime next
 
month.
 

Later this week Ron Tribelhorn will

discuss the kind of information we hope to

obtain from these factories to make available
 
to those interested in extrusion cooking
 

This part of the program has not been
 
undertaken as a U.S. initiative, but rather
 
a response to requests from developing countries and in cooperation with institutions
 
within those countries. Basically it arose

because certain groups said they wanted to

build LEC food factories and asked AID/USDA/

CSU technical and financial assistance for
doing so. 
 We agreed to provide the assistance,

first because the factories made sense and

deserved support, but also because operation

of the factories and collection and analysis

of factory records could constitute a demon
stration of LEC performance that would be help
ful to others interested in considering the
merits of using LEC technology. The sites that
sought technical and in some cases financial

assistance from AID/USDA/CSU and serve as

demonstration sites for the technology include
 
Sri Lanka, Costa Rica and Tanzania.
 

The Sri Lanka factory was installed and

started in early 1976 and has been operating
 
more or less continuously since that time under
the administration of CARE. 
It produces a pre
cooked mixture of locally-grown corn and soybeans which is used as 
an ingredient in
 
making a weaning food called Thriposha. Jay

Jackson, who is 
now with CARE/Costa Rica, his
colleague Dr. De Mel and others in Sri Lanka
 were largely involved in putting this plant in
operation. A new, larger plant is 
now being

built in Colombo, and I believe Earl Goodyear

and Dr. De Mel will be giving us an overview
 
of this total operation.
 

The Tanzania factory, which we'll all see

this week, is designed to produce a precooked
 



technology. It will include information on 

cost, performance and reliability, product 

quality, and a range of other characteristics, 

We are hopeful that the workshop setting will 

lead to inputs from any or all of you to round 

out the evaluation protocol. 


I haven't covered all aspects of the past 

and current program and the related activities,
 
but during the course of this week you'll have 

an opportunity to hear directly fron the people 

involved in the programs. In addition to the 

topics I've mentioned, you'll hear from several 

people about activities to develop commercial 

retail markets for LEC product, including 

subsidized weaning foods in Guyana and marketing 

studies for Thriposha in Sri Lanka. You'll 

hear about breakfast cereal-type products pro-

duced with an LEC system in Bolivia and sold to 

consumers through retail stores. You'll hear 

about instant pea soup made by the Pronutre 

Company in Costa Rica and about the production 

of soybean flour by the Center for Technological 

Research and Assistance in Mexico. You'll hear 

about the work of Meals for Millions in Korea 

and of Mark and Hank Sterner on another LEC 

machine designed and developed by Mark and Hank. 

You'll also hear from Prof. Amara Bhumiratana
 
of Thailand and Robert Nave of India about work 

on LEC in those countries. I believe it will be 

a full and informative week, and I hope we'll 

all get up-to-date on what has taken place with 

LEC. 


But just as important, I hope we will also 

learn more about where we should go from here--

what we should do in the future to utilize all 

the work of the past, and to take advantage of
 
the LEC as a useful new technology. 


From AID and USDA's present perspective we 

are now coming to the end of a technology 

development phase and are entering a new tech-

nology application phase. The technology devel
opment phase has eeu one in which we've learned 

some of the important uses of LEC technology and 

reduced them to practice on a limited scale. 


The technology application phase will be one
 
in which the technology will be spread and
 
utilized on a large and beneficial scale.
 
Obviously, both are now going on concurrently.
 
But we hope that within the next year the
 
first phase can be reduced to a minor activity,
 
and che second phase can be increased to a
 
major activity.
 

In shifting gears from phase one to phase
 
two, we believe there should be and will be
 
an accompanying major change in the AID/USDA
 
role in the LEC program. Although it's not
 
yet clear what AID and USDA's new role will be,
 
we are hopeful that the major role in applying
 
LEC technology will be taken by some other
 
organization, one that is specifically
 
designed and mandated to provide this type of
 
function. What we believe might make sense is
 
for an organization with suitable skills and
 
suitable facilities to offer LEC system design,
 
procurement, and training services on a self
sustaining fee basis. We believe such an
 
organization could also publicize and promote
 
LEC as needed and perhaps carry on a limited
 
amount of R&D to sustain progress on develop
ment.
 

CSU has been considering the establishment
 
of a Technology Transfer Center which could
 
serve all these purposes. I believe this
 
might have merit. Perhaps during this week
 
those of you who have ideas on this score
 
could advise CSU as to what you think of the
 
idea or suggest alternatives. This is a
 
matter that affects us all, and we should give
 
it serious consideration.
 

In the meantime, CSU, as well as USDA and
 
AID, will continue to provide technical
 
assistance for those who are already involved
 
in development and application of LEC and also
 
for others who might wish to explore its use.
 

I look forward to a useful week of infor
mation exchange and discussion. And I hope
 
you all enjoy the workshop.
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PREFACE
 

I have two preliminary remarks before I 

begin. First, I hope in this workshop we can 

recapture what I felt was the most beneficial 

part of our workshop at Colorado State Univer-

sity in 1976--an honest interchange among all 

participants with an open attitude toward ques-

tions and responses from the audience. I am 

hoping we can rekindle tLat spontaneity which 

I think is essential for a workshop of this 

type. 


Second, the paper I have prepared is a 

direct result of a question that Mert Cregger 

asked at our first internatioual workshop. The 

point he made was the need to maintain perspec-

tive as we consider the alternative methods of 

producing nutritious foods. We need to have 

an understanding of those alternatives, how
 
they fit together and their relative costs and 

capabilities so that people who are in decision-

making roles can have that Information available 

when they are making these types of decisions. 


INTRODUCTION 


Over the years, interest in producing 

nutritious food blends for weaning foods, sup-

plements for pregnant and lactating mothers 

and for feeding school children or other popu-

lations with high nutritional requirements has 

been substantial. Because of cost and avail-

ability, nutritious foods for the above purposes 

can best be manufactured from a mixture of cere-

al in combination with a proteinous material, 

legumes or oil seed. Such foods are often
 
called blended foods and contain 16% protein,
 
having a quality approximately equivalent to 

milk protein casein, fat sufficient for an
 
energy level of 400 kcal/100 kg and vitamins 

and minerals necessary for good nutrition. Ex-

amples of such blended foods are Title II com-

modities such as CSB (corn/soy blend), WSB 

(wheat/soy blend), CSM (corn/soy/milk),etc., 

which have been distributed through the U.S. 

Food for Peace Program. 


Work at Colorado State University over the 

past three years has focused on the use of sim-

ple low-cost extrusion cookers (LEC's) as a 


*Low-coat extrusion cooker
 

method for combining and cooking locally
 
grown zereals and legumes into nutritious
 
blended foods in lers developed countries
 
(LDC's). This work has progressed through
 
various stages including testing, evaluations
 
and demonstration plant design, construction
 
and operation through working arrangements
 
with host countries and private volunteer or
ganizattons (PVO's). Before starting this ef
fort, economic analyses were made which indi
cated the LEC technology was a viable economic
 
alternative for low-cost manufacture of nutri
tious foods. The results of our work to date
 
have concurred with these original assessments
 
and have sharpened our ability to make mean
ingful comparisons between processing alter
natives available to produce blended foods.
 

Comparison of alternatives is always dif
ficult, and the results are as numerous as the
 
number of individuals involveu in the compari
sons. The reason for some divergence in re
sults is due to the fact that no two systems
 
will produce identical products--which causes
 

the evaluator to draw some "apples vs. oranges'
 
comparisons. To minimize the questions or
 
misunderstandings in the analysis reported
 
here, all assumptions made to complete the
 
comparison, along with the justifications, are
 
clearly stated. In addition, the author spent
 
considerable effort gathering first-hand cost
 
and performance figures from the manufacturer
 
and users of alternative processing equipment
 
so that the information presented would be
 
both factual and up-to-date.
 

WHY COOK BLENDED FOODS?
 

All the alternative processes compared
 
are systems which will precook and instantize
 
the cereal and proteinous ingredients in
 
blended foods. It is therefore necessary to
 
first justify the economic, nutritional and
 
food safety aspects of these processes. The
 
at-home production of nutritious foods equi
valent to a precooked blended food is possi
ble, so it could be argued that such conner
cial processes only add to tha overall unit
 
price of the food. Sinct cost'is a pertinent
 
factor in food availability to vulnerable
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populations in LDC's, then why aren't small
scale, labor-intensive systems found in the
hose more beneficial to the consuming popula-.. 
tion than a product which has received a sub-
stantial amount of preprocessing in a small
scale industrial environment? 

The advantages of processing, precooking 

and producing nutritious blended foods by a
 
food industry in a LDC were first listed by 

Smith (1967, 1969). This summary of advan-

tages of centrally processed foods borrows 

heavily from his list but adds some additional 

factors and changes the emphasis on others.
 
The advantages are: 


1. 	Cereal and protein materials can be 

thoroughly dehulled before incorpora-

tion into the blend. Dehulling is 

necessary for ingredients fed to in-

fants to reduce bulk and increase 

caloric density. 


2. 	The starch portion is fully cooked 

(gelatinized) and the protein par-

tially coagulated to enhance digesti-

bility.
 

3. 	The inactivation of thermally-liable 

growth inhibitors and anti-palatability 

factors in oil seeds and pulses is
 
accomplished, minimizing cooking which 

would normally be required in the home. 


4. Rapid destruction of lipases and oxi
dases greatly enhance storage stability 

of the processed product. 


5. 	 Creation of a pleasant cooked flavor to 
improve palatability and acceptability, 

6. 	 Central fortification of the product 
with a prescribed blend of vitamins, 
minerals and freshness preservatives. 

7_ 	Reduced fuel cost associated with the 

normal lengthy cooking requirements for
 
pulses or oil seeds. Because only small
 
batches of food can be prepared at home, 

heating efficiency of the cooking con
tainer is low, leading to increased fuel 

requirements for cooking when compared 

to those in a food processing plant. 


8. 	Shelf-stable products which can be 

prepared as needed, assuring the avail-

ability of nutritious foods for the 

population requiring them.
 

9. 	Instantized products which can be pre-

pared quickly in a food preparation 

center with a minimum of equipment or 

time. 
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10. 	 Sanitary products free from contami
nation wLth bacteria and molds.
 

11. 	 Availability of shapes and textures
 
to increase acceptability and interest
 
in eating nutritious foods.
 

12. Reduces long cooking times which
 
lower the vitamin content and the
 
nutritive value of the food consti
tuents.
 

Once the desirability of producing nutri
tious blended foods at a central location has
 
been established, then there needs to be a
 
careful look at the location of the processing
 
plant. The CSU project has been evaluating
 
systems suitable for location in the LDC, where
 
the nutritious food product will be consumed,
 
for the following reasons:
 

1. Enhance utilization of locally-grown
 
protein and carbohydrate food re
sources.
 

2. Serve as a focus for the development
of small-scale industry and employ
ment in the LDC.
 

3. 	Reduct transportation costs associ-
ated with movement of manufactured
 
goods over long distances.
 

4. Formulation and processing of products
 
to meet local tastes and customs.
 

5. 	Minimize packaging costs required,
 
since products will be consumed lo

cally and relatively quickly. 

The comparison of a variety of processing 
alternatives which will produce a precooked 
blended food in an LDC environment is given
below. 

ALTERNATIVE PROCESSING SYSTEMS AVAILABLE
 

Two basic types of blending, precooking

and drying systems have been used for the pro
dt~ction of nutritious blended foods. They are
 
oystems which employ an extruder or drim dryer
 
as the principal piece of processing equipment.
 
These two systems differ fundamentally as
 
shown in Table I.
 

Within the area of extruders, there is a
 
wide variety of commercially-available equip
ment. The extrusion equipment differs on the
 
basis of the mechanical features, but the basic
 
difference can be categorized most easily by
 



Table I. Comparison of Characteristics of Extruder and Drum Dryer Sysaiis
 
Used to PreparePrecooked Blended Foods A
 

Extrusion Systems 


1. 	 Mixes and cooks ingredients in one high
 
temperature/short time step (< 200 sec). 


2. 	 Relatively low-moisture process (16-35%), 

so cooked product needs little redrying.
 

3. 	 Product drying/cooling is achieved using 
a drier with hot air since the product is 
a hot-rubber-like semi-solid when it 
leaves the extruder. 

4. 	 Finished products can be in the form of
 
expanded pellets or chips which can be 

ground to a precooked flour if desired.
 

5. 	 High temperature/short time processing 

maximizes beneficial effect on food ingre-

dients while minimizing detrimental 

effects of overheating, 


the moisture of the product which is being 

processed. Table II shows such a classifi-

cation of extrusion equipment. The low-

moisture extruders are normally characterized 

by low capital cost, high mechanical energy 

inputs, higher maintenance costs, little or 

no product drying and limited product capa-

bilities. Here the exception would be collet
 
extruders, used to manufacture expanded cereal-

based snacks such as corn curls, which are 

characterized by high capital costs and will 

not be considered further. The opposite 


statements can generally be made about the 


high-moisture extruders. 


COST 	ANALYSIS METHODOLOGY 


Almost endless comparisons can be made 

between systems which can successfully cook 

blends of cereal and protein sources, but the 

most significant of these comparisons deal 

with cost. Costs are normally analyzed on the
 
basis of capital costs, or the money required 


Drum Dryer Systems
 

1. 	 Ingredients are cooked in tanks using
 
steam and relatively long residence tim:'s
 
(30 min).
 

2. 	 Product cooked in a 60-80% moisture
 
slurry before it is dried.
 

3. 	 Product drying is done on the surface of 
heated drums because it is a high-mois
ture fluid material. 

4. 	 Product is a flat soluble flake.
 

5. 	 Excessive product heating can cause dena
turization of desirable food constituents
 
and reduction of the nutritional values
 
of the product.
 

aspect of operating costs is ingredient costs,
 
which will remain the same regardless of the
 
processing system, and so are ignored for the
 
purpose of this analysis. Operating costs are
 
then the cost of utilities (electricity, fuel,
 
water, steam), the recovery of initial invest
ed capital, maintenance and labor.
 

A number of assumptions had to be made
 
in order to confine the scope of the analysis
 
so that meaningful comparisons could be made
 
without clouding the points which differ be

tween the systems being analyzed. In all
 
instances, these assumptions are clearly
 
stated so that the individual using these data
 
can determine if they correctly describe the
 
circumstances of a particular location. If
 
they don't, hopefully it will be possible for
 
a user to provide a more appropriate set of
 
inputs which can be used with the basic data
 
given to develop meaningful comparisons for a
 
specific location.
 

To focus on the differences between the
 
to finance the purchase of equipment, construct processing alternatives available, cost analy
the plant and fund the initial operation until 

it becomes self-supporting. Since capital, 

especially foreign exchange capital, is limit-

ed and expensive in LDC's, these costs need to 

be carefully analyzed. 


Operating costs are the second form of 

cost comparisons which are essential for evalu
ating processing alternatives. One major
 

sea were made only on the equipment used for
 
product cooking and cooling/drying. It was
 
assumed that the raw ingredient storage, clean
ing, dehulling, grinding, packaging, and ware
housing systems were similar for all systems
 
and varied principally on the basis of local
 
conditions and/or the scale of operations. In
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Table I. Classification of Extrusion Equipment on the Basis of the Moisture Content of thes
 

Feed Ingredients
 

Feature 
 : Low Moisture Intermediate Moisture: High Moisture
 

1. Ingredient moisture :1. M < 20% :1. 2F% > M > 20% 
 :1. 	H > 28%
 

2. Source of input energy :2. All energy input 
 :2. About half of energy.2. Majority of energy
 
: from viscous dissi-: 
 input comes from : comes from steam
 
* 	 pation of mechani- : viscous dissipation: injection with very

* cal energy input of meihanical energy little energy

* 
 : 	 input, other half : coming from the con

comes from steam : version of mechani
:. : injection : cal energy to heat
 

3. Mechanical energy :3. 0.10kw - hr :3. 0.04 kW - hr 
 :3.< 0.02 kW - hr
 
: kg kg : kg
 

4. Product drying :4. None required. :4. Some product drying:4. Extensive product

Product cooling : required to remove : drying is required

results in 6% moisture in excess : 
 to reduce finished
 

: moisture loss : of 12% in finished : product moisture
 
product
 

5. Product shape :5. Minimal number of 
 :5. Many product shapes:5. Maximum flexibility
 
shapes available : available : of product shapes

beyond highly : 
 : 	 and textures
 

* 	expanded pieces
 
or flakes
 

6. Product density 
 :6. Low-density :6. Moderatedensity .6. Range of.density
 
expanded product : 
 : possible
 

7..Ingredients 
 :7., Feed blends should 7. Few limitations, :7. Few limitations
 

-contain > 7% fat :
 

8. Capital cost :8..Low to high 
 :8. Moderate to low :8 Moderate to high
 
',capital costs : capital costs capital costs
 

9. Maintenance costs. :9. High- $1.20/MT :9. Moderate ., Low to moderate9 
S$0.50 - 0.60/M-, $0.40 - 0.50/MT 

10., Manufacturers 
 -:10. Brady, MFH, Insta-:10. Anderson-IBEC, :10. Anderson-IBEC,
 
Pro, Collet : Wenger, Bonnot,

extruders (Manley : 
 Sprout-Waldron,
 
and Dorsey-McComb): 
 : Wenger
 



the 	case of the extrusion system, a schematic 

of the components involved in the analysis is 

shown in Figure 1, consisting of the extruder 

with a preconditioner, a cooler/dryer and a
 
boiler. Not all of these pieces are required 

for each type of extrusion system considered, 

and the nature of each system is so noted in 

the analysis. The process using the drum dryer 

is given in Figure 2. 


The specific assumptions used in the cal-

culations are listed in Table III. The labor 

rates reflect our colleccive experience in LDC's
 
and may change drastically with location. It 

was assumed that skilled labor was required to
 
operate equipment having a capacity of < 1.5MT/ 

hr, while semi-skilled labor was suitable for
 
smaller systems. 


Table III. Assumptions Made in Estimation 


1. All equipment costs show purchase prices in 

the United States. No overseas delivery-

costs or taxes are included.
 

8. Plant operations were considered to be,24
 
hour/day, 5 day/week for a total of 6000
 
hour/year.
 

9. Drying requirements were estimated by as
suming that 6% moisture was lost by flash
off and cooling occurring at the die.
 
After this loss of moisture, the quantity
 
of water removed during drying was:
 

=i(M-0.12) 
X - (l-M) 

where:
 

X -	quantity of water removed kg/hr
 

t - product rate, kg/hr
 

M - moisture (fraction) in product 

after loss of 6% due to flash

off and cooling 

0.12 	 moisture (fraction) of raw in
gredients and finished product
 

'10. .Drying required 810 kcal/kg of water
 
2. Cost estimates (capital and operating) were'0. D req/
'.
 

done for the processing operations involv-


ing cooking, drying and/or cooking. The.-

processing equipment included in these 


steps are shown in Figure 1 and 2.
 

3. The cost of raw material storage, handling, 

cleaning, dehulling, blending, packaging 

or-warehousing is not included in the esti-

mates. These costs should be similarbe-

tween systems of equal capacity.
 

4. 	 Cost of building and land required for the' 

plant are not included, 


5. 	Labor costs were estimated 
using wages tor:
 

semi-skilled operators 0.50/hr
skilled operators $$ 1.00/hr 
highly skilled operators $ 1.50/hr 


6. Utility rates used in estimates were: 

electri$ 0.04/kWhr 


e lectriciy
steam 	 $l0.00/i00 kg

fuel ol 	 $ 0.15/liter 
water 	 $ 0.10/mn3 

7.1 	Yearly equivalent costs of capital were de-

termined assuming money draws interest of 

10%/year and the equipment has 

a useful
 

life of 10 years with no salvage value at
 
the end of the period. The capital 

recovery factor used 


i(l+i)n _ 0.16275
 
(+i)n - .17Electricity 


1. D 
provid 540 kcal/kg steam added.
 

12'. Installation costs were 10% of capital

cost for simple systems requiring little
 
plumbing and increased to 25% for systems
 
requiring substantial plumbing and other
 
installation complexities.
 

i3. For the extrusion systems, the electricity
 
pn arequirements for all motori in addition to
 

the extruder drive were included in the
 
total electrical costs shown on Table VII.
 

Utility rates greatly influence the ana
lysisand the conclusions drawn. Obviously, no
 
one set of average utility rates accurately
 
reflects the prices in a specific location
 
which are governed mostly by the tax structure
 
found in a specific country and transportation
 
costs. The values used do reflect the current
 
price of oil and the relative generating effi
ciencies for each form of energy and are shown
 
in Table IV.
 

Table IV. Relative Energy Costs
 

Cost :$/l0b kcal
 

Fuel oil : $ 0.15/1 : 16.70
 

Steam $ 10.00/100 kg : 18.00
 

$ 0.04/kW-hr : 46.50
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Figure 2. 
Schematic of Drum Dryer Processing System Showing Inputs,

and Critical Parameters.
 



The capital expended at the initiation of 

operations must be recovered as part of the 


Capital recovery considers
operating cost. 

the useful life of equipment and the value of 


money or the interest it can draw. The 


values of 10% interest and a useful life of 


10 years appear reasonable for the purpose of 


To convert the capital recovery
analysis. 

cost to an hourly figure, it was assumed 

processing would be done on the basis of 


6,000 hours per year. 


COMPARISON OF ALTERNATIVES 


Extrusion Systems 


A number of cost analyses have been 


Smith (1967, 1969); Stone (1974);
published: 

Anonymous (1977); Buffa (1971); Mitra (1976); 


None of
and de Muelenaere and Buzzard (1969). 


these was done on a uniform basis, making 


direct comparison impossible. The results can
 

be summarized by saying that extrusion pro

cessing was generally found to be flexible 

as measured by processing costs
and low-cost 


in $/MT. Drum-drying systems were found to 


have a higher processing cost and initial 


capital investment per unit of production.
 

Table V summarizes the installed capital 


costs for a number of extrusion processing
 

systems. To the greatest possible extent, 


cost data were obtained directly from manu-


facturers. 
Cost data for boilers and dryers 


were also obtained from Peters and Timmerhaus 


(1967), and the prices were adjusted to
 

reflect the changes in the price index using 


the Marshall-Stevens Index.
 

The data in Table V show that the 


installed cost of low-moisture LEC extrusion 


systems is lower than the intermediate-or-


high-moisture systems at comparable capacity. 


This difference in price is largely due to the
 

low-moisture systems not requiring a boiler or 

dryer. Capacities of the extruders are
 

nominal and vary with feed ingredients. 


To determine how capital requirements 


change with capacity, the data in Table 
V (see 


following page) have been normalized on this 


basis and are shown in Table VI. These data 


again reveal that the low-moisture extrusion 


systems are lower priced than high-moisture
 
systems when equipment of the same capacities 


is compared. Since low-moisture cxtrusions 


have been found suitable for the production of 


nutritious blended foods, this is a signifi-


cant result. If product plans exist which 


call for shaped or more elaborate products 


than precooked 	flours, the higher capital
 

Another important result shown in Table
 
VI is the effect of capacity on capital ra

quirements. Clearly, higher capacity systems
 

cost less per Kr than do systems with lower
 

capacity. At the higher capacities, the wet
 

extrusion systems approach the capital re

quirements per MT capacity of the lowest cost
 

low-moisture systems. 
These data would indi

cate that some of the capital cost advantage
 
of the low-moisture system is lost if the higher
 

capacity systems can be justified, particularly
 
if the greater processing flexibility of the
 

more complex extrusion systems is desired. One
 
advantage of using multiple small extruders,
 

however, is that multiple lines increase the
 
probability that the entire plant will not be
 

shut down because of the failure of one piece
 

of processing equipment. Also, multiple dis

persed small extrusion systems could save
 

transportation 	costs associated with one large
 

central facility.
 

Table VI. Capital Requirement - $/MT 

Rate 
MT/hr $ 10- 3/MTManufacturer 


1. Low Moisture Extrusion
 

Brady 2160 0.45 58 
MFH " I 0.10 230 

Insta-Pr0 # 500 0.22 172 

# 2000 0.82 60
 

2. iterieaiate Moisture Extrusion.
 

Anderson-IBEC . ...
 
4.5 in. (10.4 cm) 0.22 '300
 

6.0 in. (15.2 cm) 0.51 164
 

8.0 in. (20.3 cm) 1.9 79,
 
10.0 In. (25.4 cm) 1.6 73
 

3. High Moisture.Extrusion
 

Bonnot
 
6 in. (15.2.cm) 1.3, 183
 

10Oir (25.4 cm) 3. 122
 
- .. 

Sprout-Waldron
 
12 175450 


2:62 	 105
775 


"	 2
Wenger
 
268
0.45 


X-25 

X-20 


1.1 	 147
 
141
1.7 


X-175 3.0 112
 

X-200 


X-155 


5.0 93
 

investment in wet extrusion systems capable of
 

making these products isnecessary.
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Table V. Capital Cost of Requirement for Extrusion System Shown in Figure 1. 

-3 )
 : Equipment Specifications ' Processing Conditions Cost ($ x 10 

:Spec. :Attached:..- " :M3 Capita :Inst-"-oIsa~aln oa
Manufacturer Dia-mete rgy Moor: motors :.Rate,: M2v :.9T2' . ... alaH 4,taI Capta Tota
*:energy: H-t 2 T- 4,:ltM -M9meter :kW-hr : t m MT/r . % :Extruder:Boiler:Dryer/ : Misc.: 
c: kg :a :Cooler. 

Dry Extrusion (M < 20%)
 

Brady - 

model 206' :'15 0.10 75 3 0.45 16- 30 16 -165.:'l0 - -- 10 3 2 26 
MFM :-- -0.08 19 2 0.10 16 -,-.30 16 165 10 .14 -- 5 2 2 28 
Insta-Pro' 
model 500 :10 .0.08 38 2 0.22 20 - 30 20 150 -12 10 -- 15 3 3 38 
model 2000 :-14.0 '0.08 75 3 0,82 " 16 .30 16' 165 10 30 - 12 4 3 49 

IntermediateMoisture Extrusion (28% > M> 20%) 

Anderson/Ibec:
 
b/4.5 in. : 11.4 .- 0.04 19 _ 5- 0.22 12 30". 25 :40 .12 30 8 12 3 13 66
 

6.0 in. : 15.2 0.04 38 -'a 0.51 12- 30 25 140 12 28 13 18 8 17 84
 
8.0 in. : 20.3 .04 94 20, 1.9 12 30 25 140 12 38 29 43 15 25 150 

W 10.0 in. : 25.4. 0.04 188 -34 3.6 -12 30 25 .40 12 94 43 63 20 44 264 

-:-High7HMoisture-Extrusion (H > 28%)
 

Bonnot
 
6 in. • 15.2 0.02 15 1.3 32 40 32 2::?:145 12 110 24 45 12 48 239
o :56 
10 in. : 25.4 0.02 1131 25 3.0: 32 -40 32 -145 12 160 35 92 18 61 366 

Sprout-Waldrod

model 450 : 11.4 0.015 38 15 1'2 35 110 35 140 12 82 30 46 11 42 211
 
model 775 : 19.7 0.015 113 34 3.6 35 110 35 140 12 107 62 125 20 63 377'
 

Wenger X-20 :8.3 0.02 - 22 0.45 30 80 30 140 12 55 14 25 3 24 121 
X-25 : 13.3 0.02 56 12' i:. ' 30 80 30 140 12 70 22 38 10 32 162

X-155 : -- 0.02 94 18 1.7 30 80 30 140 12 89 27 70 13 40 239' 
X-175 : - 0.015 150 25 3.0 28 80 33 140 12 132 38 92 18 56 336 
X-200 : 23.5 0.015 188 40 5.0 28 80 33 140 12 208 54 113 22 79 476-: 

a/ Motors in addition to extruder motor.
 
_- Anderson-IBEC equipment is capable of-operating at higher moistures; when this is done, mechanical energy requirement
 
is reduced.
 



Table VII shovs typical operating cost iur 

the various extrusion systems described in 

Table V. One striking fact is that all of the 

extrusion systems process the food at a rela-

tively low cost. The most expensive system
 
processing cost is 1.6C/kg, while most are 

under l¢/kg. Further examination of the table
 
shows other economics at work and the relative 

trade-offs between: 


1. 	Economies of scale where larger systems 

require less capital/MT capacity and more 

efficiently use labor, tnus reducing its 

processing cost. 


2. 	The large use of high-priced electrical 

energy for low-moisture extrusion against
 
the cost of steam, fuel for drying and the 

increased capital requirements needed for 

high-moisture extrusion systems. 


3. 	The higher cost of maintenance from 

increased wear with the low-moisture extru-

sion against the lower total equipment costs, 


Each of these trade-offs is discussed in more 

detail below. 


The economies of scale are again a factor 

when considering operating costs. The cost of 

producing a MT of product using the higher
 
capacity equipment is clearly less than that
 
associated with similar low capacity equipment.
 
It is interesting to note that the low-cost 

Brady extrusion system will produce a blended
 
food product more cheaply than most of the wet 

extrusion systems studied. Said another way, 

the 	Brady system will produce precooked food 


products with processing economics very similar 

to much larger systems which require large
 
capital investment and which may be inappro-

priate for many LDC situations. 


,Under processing conditions which exist in 


many LDt, the use of a relatively high-priced 

electrical energy source in a dry extrusion
 
system seems to be justified when the cost of 

steam and fuel for drying the high-moisture 

extrudate, needed to reduce electrical energy 


consumption, is considered. Even with wet 


extrusion, the electrical energy consumption is
 

high because of the increased number of elec-

trical motors required to operate the pumps, 

blowers and conveyors associated with the 

boiler and dryer. 


Low-moisture extrusion results in higher 


maintenance cost/MT because of the increased 

wear on the extruder parts. Low-moisture 

extrusion uses the viscous dissipation of 

mechanical energy, a form of friction, to 

produce the heat which increases wear. In the
 

analysis, conservative estimates of mainte
nance costs were used, and actual experience
 
may 	provide different results. Despite the
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increased maintenance, lov-moisture extrusion
 
systems can produce precooked blended food
 
products competitively with larger and more
 
sophisticated extrusion systems.
 

Drum Drying Systems
 

The capital and operating costs for a
 
drum drying process are shown in Table VIII.
 
For similar capacity systems the capital costs
 

are more than double a comparable extrusion
 
system. The reason for the high capital costs
 
rests primarily on the high cost of the drum
 
dryer, which has relatively low productivity
 
because it dries slurries with low solids
 
concentrations.
 

Table VIII also shows that the operating
 
costs of drum drying systems are very high
 
because of the large amount of water which
 
must be removed by the dryer per kg of product.
 
Therefore, steam consumption is very high and
 
costly. Processing costs appear to be five or
 
six times comparable extrusion processing
 
costs. The drum drying process produces a
 
soluble flaked product resembling many coi.
cial infant food formulations, which may
 
increase its commercial appeal but which is
 

not warranted on the basis of costs or product
 
performance.
 

CONCLUSIONS
 

1. 	Extrusion cooking systems have capital
 
and processing costs which are substan
tially lower than comparable drum drying
 
systems.
 

2. 	Low-moisture extrusion systems of the
 
LEC variety have capital cost advantages
 
over intermediate-or high-moisture extru

sion systems having capacities less than
 
1.0 	MT/hr.
 

3. 	The total energy and maintenance costs
 
appear to be nearly equal for low- and
 
high-moisture extrusion processes for
 
equipment of comparable capacity.
 

4. 	For small capacity plants (<lMT/hr),
 
LEC's producing low-moisture products
 
have operating cost advantages over
 
higher-moisture extrusion systems.
 

5. 	Plants requiring large capacity or
 
manufacturing products with relatively
 
sophisticated shapes and textures should
 
consider the use of high-capacity, high
moisture extrusion systems.
 



Table VII. Operating Costs
 

Rate Labor: 
 Utilities: 
 : intenance 

Manufacturer, $ : Electricity : Steam : Dryin 

Cost 
: :Capita- Total: $/hr 

hr .:jj :kW-hr: S :k /:k :kg : Reg. :Fuel x 10-3 : Cost: - s : $ : MT"hr :hr :kg :hr :r : k/hr:kcal /hr :hr: MT : hr : hr :
 

Brady Model2106, 0.45 .'0.50 48 192 - - -- 1.20 0.54 0.70 3.66 8.13 

MFM-: 0.10 0.50- .8 0.32 . §- 1.20 0.12 0.57 1.51 15.10 

Insta-Pro Model 500: 0.22" 0.50 '20 - 0.80 5.1 4.1 0.07 1.20 0.26 1.03 2.66 12.09 
Model 2000 : 0.85 1..00 -2.64 - 1.20 1.02 1.36 5.02 5.91 

Anderson-IBEC 4.5int 
-6.0 in. ::0.51 
8.0 in. : 1.9 

10.0 in. : 3.6 .. 

0.50 
0.50 
1.00 
1.00, 

13.8 
28 
96 

188 , 

0.55 
1.12 
3.84 
7.52 

-0.22008 
0.08 
0.08 
0.08. 

-19.4 
44.8 

167 
317 .. 

0.19 
0.45 
1.67 
3.17: 

19 
44-" 

164 
311-

15.4 
35.7 

133 
252 

0.26 
0.59 
2.22 
4.21 

0.60 
0.60 
0.50 
0.50 

0.13 
0.31 
0.95 
1.80 

1.79 
2.28 
4.07 
7.16 

3.42 
5.25 

13.75 
24.86 

15.54 
10.29 
7.24 
6.91 

Bonnot -6 
10 

in. 
in. 

:1.3 1.00 
: 3.0 -1.00 

41, 
85 

1.64. 
3.40: 

-/2 
277 

1.20 
2.77 

245 
568. 

198 
460 

3.31 
7.68 

0.45 
0.45 

0.58 
1.35 

6.48 
9.93 

14.21 
26.13 

10.93 
8.71 

Sprout-Waldron 
Model 450 
Model 775 

: 
: 1.2 
: 3.6 

1.00  33 
1.00 ": -:88 

. 
-1.32" 
3.52 

0.11 -132-
0.11 396 

1.32 
3.96 

287 
862 

232 
698 

3.87 
11.65 

0.45 
0.45 

0.54 
1.62 

5.72 
10.23 

13.77 
31.98 

11.48 
8.88 

Wenger X-20 
X-25 

X-155 
X-175 
X-200 

: 0.45 
: 1.1 
: 1.7 
: 3.0 
: 5.0 

0.50-
1.00 
1.00 
1.00 
1.50 

17 
34 
52 
70 

115 

0.68 " 

1.36 
2.08 
2.80 
4.60 

0.10 /45 
0.10-. 110 
0.10 170 
0.11 .315 
0.11 ,525 

0.45 
1.10 
1.70 
3.15 
5.25 

71 
173 
268 
615 

1025 

57.5 
140 
217 
498 
830 

0.96 
2.34 
3.62 
8.13 

13.86 

0.50 
0.50 
0.40 
0.40 
0.40 

0.22 
0.55 
0.68 
1.20 
2.00 

3.28 
4.39 
6.48 
9.11 

12.91 

6.09 
10.74 
15.56 
25.57 
40.12 

13.53 
9.76 
9.15 
8.52 
8.02 

1/ Kgs steam injected into product per kg product.
 
2/ Steam used to heat product through jackets surrounding barrel.
 



Table VIII. Capital and Operating Costs for the'Drum Drying Process-Shown'in Figure,2. 

A. 	 Equipment and Capital Costs 
:Drying:Rate rate Steam Size M2 :T 2 - " 	 M4 :Attached , . . Drum 

: k press. M2 % motors Tanks .Broiler. Dryer " Cooler. Misc. Instal. Total 
: Mj-AWM 

0.5 20 10 25 60 -. 85 130 40 .5 ' 25 -- 11 ,64 80 8 25 44 266
 
1.5 20 10- 75:, :60 'i85 "5130 _40 5 - 5 .13 80 190 12 45 68 408 

B. 	Operating Costs 
Rate :Labor - Utilities : Maintenance Costs 

: : Electricity Steam 	 Water $ $ Capital Costs :HT kW-hr 	 - , $ M3hr 	 : h $ $ : $/hrhr hr hr r . hr : h hr 	 hr hr 

0.5 1.50 25 1.00 1300 13.00 1 0.10 
 1.00 0.50 7.21 23.31 46.62
 
1.5 
 1.50 55 2.20 3900 39.00 3 
 0.30 1.00 1.50 11.07 55.57 37.04
 



IPENCES 
Buffs, A., Food technology and development--


SmIth, 0. Z., Pre-cooking of cereal II, Food Engineering, 43(12), 61, 1971. 
and protein blends, International 
Symposium in Oilseed Proteins and Mitra, R., Extruder-based foods: a financial 
Concentrates, CFIRI, Mysore, India, profile, In Anand Workshop: Extruder
1967. Based Foods in India, Achaya, K. T. and
 

Mitra, R. (Eds.), Protein Foods and
 
Smith, 0. B., History and status of specific Nutrition Development Association of
 

protein-rich foods. Extrusion-processed India, Bombay, 1976, 13.
 
cereal foods, In Protein-enriched Cereal
 
Foods for World Needs, Miner, M. (Ed.), de Muelenaere, H. J. H. and Buzzard, J. L.,
 
American Association of Cereal Chemists, Cooker extruders in service of world
 
St. Paul, Minnesota, 1969, 140. feeding, Food Technology (Chicago) 23,
 

345, 1969.
 
Stone, M. L., LEC systems and costs, In Low

cost Extrusion Cookers, LEC-l, Harper, Smith, J. L., Tribelhorn, R. E. and Kellerby,
 
J. M. and Jansen, G. R. (eds.), Colorado J. D., Survey of LEC system components,
 
State University, Fort Collins, Colorado In Annual Report, Evaluations of low
1976, 43. cost Extrusion Cookers for Use in LDC's,
 

Colorado State University, Fort Collins,
 
Anon., Low-cost extrusion cooking --I. Food Colorado, July 1978, p. 82.
 

Engineering International, 2(8), 42,
 
1977. Peters, M. S. and Timmerhaus, K. D., Plant
 

Design and Economics for Chemical
 
Buffa, A., Food technology and development--I, Engineers, McGraw-Hill Book Co.,
 

Food Engineering, 43(11), 79, 1971. New York, New York, 1968.
 

27
 



The Progress of MAISOY InBolva 

Pedro Bleyer Presser
 
MAISOY, Inc.
 

Santa Cruz, Bolivia
 

Ladies and gentlemen, distinguished members of 

the LEC family, and dear friends:
 

Over two years have passed since our last 

meeting at Fort Collins, and since then I am 

sure many of us have developed new ideas and
 
new products. 


These meetings are important, as we not only 

give information, but much more importantly,
 
we recjive it as well. I am grateful for this 

opportunity to report on our activities at 

MAISOY. 


Marketing: The Public Sector 


We have obtained a contract with the Ministry

of Public Health for five years to supply 

annually 100 tons of Maisoy flour in a ratio 

of 70/30 corn/soya, extruded and micro-

pulverized, packed in plastic bags (poly-

ethylene and polypropylene) of 46 kilos each. 

at a price of U.S. $0.35/kilo. 


The government already has paid the value of
 
300 tons, but the product's distribution is
 
very slow because it is distributed by the 

Mother's Club in some infant programs.
 

Deliveries were as follows: 


1976 56,660 kilos 
1977 29,900 kilos 
1978 141,403 kilos 

227,963 

1979 
1979 

72,037 (to be delivered) 
100,000 (as per contract) 
172,037 Total 

There are no prospects for an enlargement of
 
the demand by the public sector. 


Marketing: The Private Sector 


With the theory of obtaining bigger benefits 

by placing the most sophisticated products in 

the private sector, we have investigated and 

issued new consumer products on a national 

scale with very interesting results. You will 

have the opportunity to sample some of them
 
later.
 

Products
 

Our product, Flakes of Maisoy, was issued in
 
three types: natural, sweet and (economy)
 
scholastic.
 

Natural flakes - process: a mixture of
 
dehulled corn and whole soybeans, 85/15,

ground into flour and extruded.
 

Sweet flakes - process: a mixture of the
 
natural type, adding for each 100 kilos
 
10 kilos of sugar before extrusion.
 

(Economy) Scholastic flakes - the sweet
 
flakes packed in economy containers.
 

For containers we use thick polyethylene begs
 
inside cardboard containers that contain
 
340 grams, trying to copy the American cereal
 
containers. For the scholastic type, tie use
 
an economic thin polyethylene bag containing
 
35 grams and including a plastic toy. Sales
 
figures are given in Table I.
 

Table I. Sales
 

Sweet Flakes- 340grams : 

: Untt : Kios 

1977'' -'.8,026 -boxes 12/1 :-96,312 : 32,746
 
1978 :1.:3,231 boxes 12/1-: 38,772 :131182
 

Scholastic Flakes 35*grams
 

1977 3,918 boxes 144/1 : 564,192 : 19,747 
1978 1,335 boxes 144/1 : 192,240 : 6,728 

: 

I/ The natural flakes were sold only in small
 
quantities in the first three months of 1977.
 
Subsequently, they were all used for the sweet
 
flakes and their sales are reflected according
ly.
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In 1977 we ran a very expensive publicity cam-

paign on TV and radio apd in newspapers. In 

1978 we had only a modest amount in the news-

papers and radio. Sweet and scholastic flakes 

enjoyed a big success because of the initial
 
TV publicity. Now that the novelty has passed, 

we consider that a more realistic and stable 

level of sales has been established. We do not 

think that a new, expensive publicity campaign 

would even pay the cost of the publicity 

involved, let alone increase our sales.
 

In October 1978 we introduced new lines into 

the 	market to reach the low-income market. For 

these people, the product "Delicious Maisoy"
 
will help solve their nutrition problem in an 

economical way by giving a good portion of 

proteins and energy to their children. 

Delicious maisoy is a mixture of 70/30 dehulled 

corn and whole soybeans, plus a vitamin mix 

containing: 


Vitamin 26.80 mg
B1 

Vitamin 16.22
B2 

Niacin 193.34 

Iron 169.34 

Vitamin 30.00
B6 

Vitamin A 100,000 I.U. 


Prior to extrusion we add 10 kilos of sugar for 

each 100 kilos of mixture. After extrusion the 

product goes through a micropulverizer. It is 

then packed in cellophane-polyethylene bags of 

150 grams each by an automatic thermoseal 

machine. In the first three months of produc-

tion we have sold 1,000 bags of 140 grams at 

U.S. $0.25 each. Publicity has consisted of 

sending to each pediatrician in the country
 
an explanatory letter about the product and, 

as a promotion, 15 bags. Because of its nutri-

tional value, this is the most imoortant pro-

duct for us despite its very slow progress at 

the marketplace. It is not well known, and we 

cannot afford to mount an expensive publicity 

campaign. An analysis of the product appears 

in Table II. 


Table II. Analysis of Delicious Maisoy 

(per 10g) 


-

Calories 407 
Proteins 17-20 g 
Oil :6.55 g, 
Vitamins and minerals : 1344 mg 
Fiber . 2.64 g 
.... ....... ....... : _ 

Delicious Maisoy can be served in several ways: 


1. 	For baby's bottle - for an 8 oz. bottle 
mix 2 teaspoons of Delicious Maisoy 
into water or milk, sugar to taste,
 
and bring to a boil for a few seconds.
 

2. 	Super breakfast - a 150-g bag added
 
to a liter of water or milk, cold or
 
warm, sugared to taste, will give
 
you five-to-six delicious cups.
 

3. 	Refreshment - boil water with cinna
moIL and clove, then add two or three
 
teaspoons of Delicious Maisoy for
 
each glass. Sugar to taste and add
 
ice.
 

4. 	Snack - mix 7 teaspoons of Delicious
 
Maisoy with 3 or 4 teaspoons of
 
sugar. Ready to eat.
 

5. 	Pudding - add to a liter of boiling
 
milk 150 g (one bag of Delicious
 
Maisoy), keep boiling for 3 minutes
 
until it becomes thick, then let
 
cool. You may add some raisins,
 
coconut, jam or fruits.
 

Another new product, Chicha of Maisoy, is
 
Delicious Maisoy with cinnamon and clove flavors
 
mixed in a micromixer before being packed. It
 
is marketed in envelopes of 15 grams of cello
phane polyethylene thermosealed by an automatic
 
machine. In the first three months we sold
 
about 100,000 envelopes of 15 grams, almost all
 
in Santa Cruz, where the people are used Lo
 
drinking a refreshment made of corn, cinnamon,
 
clove and sometimes with a little bit of pea
nut added to improve the quality. In our case
 
we add soya instead of peanuts. Our price is
 
U.S. $0.075 for an envelope of one liter,
 
and it is sold in the streets as a refreshment
 
for U.S. $0.05 per glass.
 

We have advertized modestly on radio and in
 
newspapers. In addition, the biggest publicity
 
effort was at our stand of the XI International
 
Exhibition in Santa Cruz at the end of Septem
ber 1978. During ten days, more than 30,000
 
persons tasted our product there and bought
 
about 50,000 envelopes of Chicha. The market
 
for this product seems to be confined to Santa
 
Cruz, because sales are very low in the rest of
 
the country. A third product, Pito de Maisoy,
 
is a mixture of 65% of the remainder of Maisoy
 
flakes or the Delicious Maisoy micropulverized
 
and 35% sugar. In the first three months we
 
have sold more than 10,000 envelopes at U.S.
 
$0.05. This is a traditional product in
 
Bolivia, which makes us believe this year will
 
see us reach an important sales level. There
 
has been very little publicity in the newspaper.
 
We have planned some publicity for February
 
1979, including a contest with prizes for those
 
who will collect pictures of the 16 football
 
players who played in the football game in
 
Argentina.
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Feasibility of the Project 
 tons 	of product, leaving one extruder in
 

Investments - The investment in the Maisoy 

line, excluding the storage system that takes 

care mainly of the feed graded for fowl is
 
U.S. 	$130,000 as seen in Table III. 


Table III. Maisoy Investment 


2 extruders 	 30,000 

Buildings . 30,000 
Cleaning machine, : 


hammer mill,
 
dehuller machine, . 

mixer, 

elevators, 

micropulverizer and 

micromixer 	 45,000
 

Automatic packing ma-

chine and other simple: 

packing machines 25,000 


p n hwill 

TOTAL : U.S. $130,000 


-

Sales figures are given in Table IV. 


Table IV. Maisoy Sales 


1977 	 : U.S. $170,000 

1978 	 : U.S. $120,000 


Profit - To the Maisoy project we do not 
charge any fixed costs, depreciation or 
electrical expenses; theanimal feed factory 
absorbs these costs. In this'way, the Maisoy 
line gives us a little profit, 

Future Possibilities 


The plant has two extruders with a capacity of 

500 kilos/hour each. In 1978 we produced 141 


backup. We still had an available capacity of
 
859 tons of product,assuming a total capacity
 
of 1,000 tons/year.
 

The history of similar products that'enjoyed
 
success, such as INCAPARINA in Guatemala,
 
shows us that we need three basic conditions
 
to be successful:
 

(1) A subsidy by a mother enterprise for
 
a couple of years that will absorb
 
all the expenses, as I have
 
explained before.
 

(2) 	An adequately directed promotion
 
from the public sector of the market
 
to encourage consumption. INCAPARINA
 
had it, but we didn't.
 

(3) 	Sales to government that help to
 
promote the product. If we accom
plish these three points our sales
 

grow, but the domestic demand
 
still will not utilize our full pro
duction capacity.
 

We think that Delicious Maisoy especially can
 
be very competitive in the international mar
ket due to the low cost of the corn and to the
 
incentive for exportation currently available
 
in Bolivia. That is the reason that we can
 
offer our product in containers of polyethylene

and polypropylene of 46 kilos at U.S. $300/ton
 
FOB, with a range of transportation costs-depending on the ports--from U.S. $50 to U.S.
 
$80 per ton.
 

We suggest that others planning production
 
and marketing efforts look for financial aid
 
from international organizations to cover the 
cost of publicity of products such as Delicious 
Maisoy. They should study future projects 
with 	practical experiences in mind, especially
 
when entering a market with similar products.

And finally, they should attempt to interest
 
the international organizations engaged in
 
food distribution programs in using these
 
products in their programs.
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Discussion - Monday Morning 

Moderator:
 

Dr. G. Richard Jansen
 
Department of Food Science and Nutrition
 

Colorado State University
 
Fort Collins, Colorado
 

Dr. Siegel: 


My question is on the Brady Cooker Model 

206 and 2106: are these extruders identical 

except for one's being stationary and one's 

being powered by tractor? 


Dr. Harper: 


They are identical other than the drive, 

One is driven by a tractor with a diesel 

engine, and the other one is typically driven 

by an electrical motor of the same capacity. 

There is one other minor difference: the 2106 

is driven at a speed of 900-to-l000 rpm, and 

the 206 is at about 540 rpm. 


Mr. Alvarado: 


Mr. Bleyer, what percent of your product 

sales is to the institutional market, and how 

much goes to the retail market? The second part 

of the question is, what would happen if, after 

the five years, the government decides not to 

buy the product which you are at this time 

selling to them? 


Mr. Bleyer: 


Thank you for your question. In 1978 a 

total of 120 tons was made--20 tons for the 


private sector and 100 tons for the government, 

The second answer: after 1981 the contract with 

government will be finished at 100 tons. That
 
is one of the ideas I am trying to tell the 

international organizations, namely, that if
 
they want to help us, they can buy some products 

from us to export to other countries. I don't 

know in what way exactly, but that could be a 

very important help for us--because in our mar
ket I don't know how far we can go. 


.Ing.Clark: 


With your product MAISOY in the box you 

are competing directly with Kellogg's in the 

same market, and that is not so good. Now, my 

question 'is, what is the difference between 

your product in price and Kellogg's, and what 

did Kellogg's do when you went into the market 

with that product? 


Mr. Bleyer:
 

With the first product we produced after
 
the one for the government, the idea was to
 
make something that was well-known by the
 
middle class of our country--and that is the
 
idea of MAISOY flakes. We advertised the
 
flakes in boxes on TV, and that worked very
 
well. Sales started going up and up, and
 
the first two or three months we had diffi
culty suppying the customers with enough
 
packaged material to cover the market. Price
 
was a big problem for us when we started.
 
We can make the product much cheaper than
 
$1.50, the price of MAISOY in the stores. We
 
can sell it for perhaps half the price of
 
Kellogg's corn flakes. In Bolivia, the same
 
size box of corn flakes sells for 45 pesos,
 
that is $2.35. And that was our first big
 
problem: what would be the reaction of the
 
public to something very cheap? We decided
 
not to go to something very cheap and to just
 
keep the price at 50% cheaper than the Ameri
can product. That way it would not be so
 
cheap that the customer would say "What's
 
wrong with.this?" And that is how we went to
 
market. You can figure that in a supermarket
 
in Bolivia you will see a big stand in that
 
corner and a little row of MAISOY material.
 

And then on this side you will see corn
 
flakes in 10 different varieties, you will
 
see general foods, you will see a lot of
 
things.
 

Dr. Harper:
 

What is the relative profit margin that
 
the grocerxreceives from selling MAISOY
 
versus Kellogg!s corn flakes?
 

Mr. Bleyer:
 

Our dealers make 10% of the selling price,
 
and the retailer makes a margin of 20%. On
 

corn flakes and other things he will also
 
make 20%. Even though it is more expensive,
 
he is still making the same profit. One of
 
the conditions affecting sales is that the
 
middle class of my country is attracted to
 
the American product because it is imported,
 
not national. Bolivia is not the only
 
country that has that kind of problem.
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Dr. Nichols: 


Could I ask what information you might 

have about what consumers think of MAISOY 

relative to corn flakes if they didn't know 

which was which--if you just put it in a bowl
 
in front of them? Do you have any informa-

tion as to which they would prefer? Which
 
their children would be more likely to consume 

or to like better if they didn't know it was 

Kellogg's or MAISOY--just a blind taste test? 


Mr. Bleyer: 


This kind of taste test we have never done, 

to tell you the truth. All my friends tell me, 

"No, my children don't like MAISOY"; or, some
body will tell me, "Yes, they are crazy about 

MA'SOY." The truth is that with the TV
 
publicity, everybody started to buy MAISOY 

because it was a novelty and they wanted to try 

that novelty. After four or five months what
 
you are selling is to people who like the pro-

duct. They are not eating it because it is more 

nutritious--much more nutritious--than corn 

flakes. So you have very high sales in the 

first six months, and then they go right out to 

a horizontal position. Now we are selling 

about the same quantity every month. We have 

not progressed enough in the 1 years, because 

we don't have enough publicity to increase the 

market. But we are selling, and we do have a 

market. 


I would like to ask two questions with 

respect to the weaning food: (1)is your

weaning food supported in suspension? and (2) 

what income group of the people use your 

product? 


Mr. Bleyer: 


The weaning food is not--as you can see--

a product that is 100% solid. You must shake
 
the bottle a little to have all the particles 

in suspension. It is a tiny bottle. Perhaps 

it would be possible to add something to make 

it stay in suspension without affecting the 

things that the children like. It is very 

important to know that this product has been 

on the market for only three months. It does 

not have a long history. But we do know that 

when you give it in something like a gruel, 

it works much better bedause you don't taste 

the beans so much. This product is designed
 
for the low-income family, because they can 

spend 25 cents of a dollar for their child
ren's nutrition. They can spend that much, 

but they will not spend $1.50 for MAISOY 

flakes. 


Prof. Am.ra: 


Is this weaning food for the newborn baby 

or for what age? The soft drink? And you 


didn't give me a clear answer as to whether
 
they spend their money for MAISOY to feed their
 
children. What percentage of its income does
 
the low-income family spend for this type of
 
feeding?
 

Mr. Bleyer:
 

I want the people who have the lowest
 
income ($100 for the family--this is normally
 
the lowest income in our country for laborers)
 
to be able to use this product. I think they
 
can start to use the weaning food within one
 
month of birth. I know that this product also
 
has beea used by doctors in cases where child
ren are allergic to milk.
 

Dr. Jansen:
 

We are only going to be able to take a
 
couple more questions.
 

Ms. Challa:
 
Mine is not a question, but an observation.
 

I have observed with great interest the new
 
technology involved in the development of the
 
weaning food LISHA, especially because it has
 
taken into consideration the interest of women.
 
Instead of bringing in new technology which
 
would have put more work on the already-great
 
workload of women, I think it is good that they
 
produce the preparation. I am not very sure
 
that this is going to be low-cost, especially
 
to vulnerable groups.
 
Dr. Jansen:
 

I think that isvery much the heart of the
 
whole meeting. The question of reaching the
 
appropriate and vulnerable groups is going to
 
come up throughout the workshop. One more
 
question.
 

Unidentified:
 

Referring to the drink, from what I can
 
see, there is a lnt of suspension at the
 
bottom of the glass. If the children are
 
drinking this, do they use a spoon later on
 
or their fingers? This stuff actually is very
 
much like something I saw in India a long time
 
ago. They made it from barley flours and
 
sugar; the taste and other characteristics are
 
the same. I am wondering whether that is the
 
stuff which was used?
 

Mr. Bleyer:
 

I have found that this product is a copy
 
of something that has been in my country for
 
a hundred years and is a kind of custom in
 
Santa Cruz. It is called a "Santa Cruzena."
 
We just changed the name of "Cruzena" to
 
"MAISOY," and this is the reason that in three
 
months we have sold 100,000 envelopes. It is
 
very easy tc sell, something that people have
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known an&dhave been using from the time they 

w childran. 


This is nt a soft drink just for child-
ren; it is for anyone in the street--a lady, 
a gentleman, anyone. The suspension of the
product which you asked about is the same 

problem when they boil cornmeal and make the
same thing. When they offer it to you in the 


street, they have a big pot and a big wooden
 
spoon, and they serve people in glasses.
And it is the same problem. It would be very
nice if somebody would teach me how to solve
 
that problem.
 

Dr. Jansen:
 

Thank you, Pedro.
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Production of Pre-cooked Corn Flours In mall-scale Extruders 

T.S. Buckle, l/ L.E. Zapata, G. Chaves, H. Riveros, C.A. Pardo, J.A. Cabrera, E. Gonzalez
 
Instituto de Investigaciones Tecnologicas
 

Bogota, Colombia
 

INTRODUCTION 


In 1970 ITT showed at the pilot plant level 

and on an industrial scale that it was techni-

cally feasible to substitute wheat semolina in 

the production of pasta at levels up to 75% 

using precooked corn flours. (More recent work 

has proved that pre-cooked rice flour is also 

a good replacement.) The substituents can be 

pre-cooked flours for regular pastas or a 

mixture of the pre-cooked flour (50%) and 

defatted soy bean flour (25%) for protein-

enriched pasta. This pasta contains 18% protein

and has a PER of 2.69, while traditional semo-

lina pasta contains 12% protein and has a PER of
 
0.91 (Casein 2.79) (Buckle et al, 1975). This 

enriched product has been approved for the
 
Colombian National Food and Nutrition Plan. 


The commercial application of the substi-

tution depends on local availability of wheat 

semolina and relative prices of the pre-cooked 

flours with respect to the traditional wheat 

product. The elimination of the wheat subsidy 

by the local government and present wheat
 
prices are opening the way to the use of pre-

cooked flours in industrial production of pasta

and creating a demand for pre-cooked cereal
 
flours. The pre-cooking process being applied 

in Colombia at the moment consists of direct 

steaming of corn grits in a column followed by

flaking in a pair of rollers, drying and 

grinding of the dried flakes. The process has 

been designed for corn and up to the moment has 

not been modified for rice or other cereals. 

The plants that applied this process usually 

have a capacity of 10,000 tons of corn per year 

and require an investment close to U.S. $1.5 

million.
 

Within a government policy of promotion of 

small-and medium-size food industries and in 

the presence of a growing demand for pre-cooked 

cereal flours, it was thought of interest to 

investigate the possibility of scaling down the 

pre-cooking process. 


For this purpose, the extrusion process was 

studied, using a Colombian extruder originally 

designed for the production of corn snacks.
 
Having obtained promising results that indicated
 
the need of building a prototype extruder with
 
a capacity close to 100 kg/hr (lIT 1977),
 

1/ Dr. Salazar de Buckle was unable to attend the 

workshop but submitted her paper for inclusion 

in these Proceedings. 
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additional trials were run in an extruder
 
built by Meals for Millions Foundation that

had the required capacity and some of the fea
tures needed in the proposed prototype. The
 
extruder was on loan at KIST (Korean Institute
 
of Science and Technology) at the time the
 
trials were performed and had had some modifi
cations introduced by KIST personnel. 2/ The
 
following sections contain a brief description
 
of the equipment used, some of the technical
 
and economic results obtained in the initial
 
evaluation of the extrusion process and those
 
obtained with the MFM-KIST extruder, as well
 
as recommendations for further work.
 

RAW MATERIALS
 

Raw materials used were: (1) corn grits
 
for the snack extruder (0.6% fat, 0.8% fiber);
(2) U.S. yellow corn flour (1.3% fat, 0.6%
 
fiber), for the MFM-KIST extruder; (3) regular

semolina; and (4) defatted soybean flour for
 
human consumption (50% protein, NSI 50, 100%
 
U.S. mesh 100) for the enriched pasta formula.
 

DESCRIPTION OF THE EOUIPMENT AND OF OPERATING
 
CONDITIONS
 

Table I lists the main characteristics of
 
the two extruders used for the study.
 

The snack extruder (100 kg/hr) is designed
 
to work with corn grits (51% U.S. mesh 22,
 
10% + U.S. mesh 30). The screw rotates at
 
600 rpm inside a barrel. At the end of the
 
screw there is an electric resistance that
 
raises the product temperature to 1500C. The
 
extrusion conditions are fixed.
 

The features that make the MFM-KIST extru
der different from the snack extruder are:
 
(1) the heat is produced by friction only; (2)
 
there is the possibility of feeding water into
 
the extruder at a point close to the feed inlet
 
(forced by back air pressure); (3) the inner
 
surfaces of the barrel have four ribs that
 
run parallel to the longitudinal axis of the
 
barrel and (4) it can be operated both with
 
flour and grits.
 

2/ This extruder is built at present by Appro
priate Engineering and Manufacturing Co., 815
 
W. 9th Street, Corona, California, 91720.
 



Tble I' ChracternGvltc* of the Two Extruders Under Study 

Characteristics Snack Extruder Meals for Millions-KIST Extruder 

Capacity (kgs/hour)............ . . 100 . 100 
Feeding System................. Gravity Activated bin and forced feeding 
Screw Configuration............ Constant . Constant 

Diameter Screw (inch)• 2 3 
Relation L/D Screw..............10:1 


10:1
 
Moisture in Corn Product 
() 14-19* 
 35**
 

Temperature During Extrusion... 
: 150 : 
 50-80
 
Heating or 
(°C) Cooling Jackets.: No : 
 No
 

Water Feeding Device ............: 
 No 
 Yes
 
Source of Heat 
................. 
: Mechanical and 
 : Mechanical Energy
 

: electrical energy
 
Motor Power (H.P.) ............. : 
 30 
 30
 
Cost (FOB)..................... 
 U.S. $20,000 1/ : 
 U.S. $14,400 2/


(CIF) /.................. : 
U.S. $20,000 : 
 U.S. $21,600
 
*Grits. ** Flour or Grits.
 

1/ Bogota.
 
2/ California.
 

Table II. Quality Specifications for Pre-Cooked Flours to be Used as Wheat Replace

ments in the Production of Alimentary Pastes.
 

PRE-COOKED FLOUR 
 (Buckle et al 1975)
 

CHEMICAL ANALYSIS
 

Moisture % 
 12.5 (Max.)

Protein (N x 6.25) 
 7.0 (Min.)

Crude Fiber % 
 1.5 (Max.)

Fat % 
 1.5 (Max.)

Dextrose Index 
 50 - 70% (Buckle and Pardo, 1973)
 

PARTICLE SIZE DISTRIBUTION
 

90% (Min.) Between U.S. 9T. mesh 60 and U.S. ST. mesh 150
 

MICROBIOLOGICAL ANALYSIS
 

Total Count 
 10,000 col/g. (Max.)
Coliforms 
 100 col/g. (Max.)

Fungi 
 10 col/g. (Max.)

E. Coli 
 Negative/10 g.
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opUA=TnU CONDITIONS 	 increase cloae to 11 ccl10g after 15 

minutes of cooking. Solid losses during 
1. 	Snack Extruder cooking should be as low as possible
 

(losses in semolina pasta run between
 
Moisture of the grits was the only variabl 4-12%).
 
used during the trials (14 to 19%). Tempe
 
ature at the exit die was kept at 1500 C. RESULTS AND DISCUSSION
 

2. HFM-KIST Extruder 


Extrusion temperature was the variable 

studied (50, 65, 70, 800C). The temperatu 

was regulated by adjusting the water feedi 

rate between 10 and 12 gal/hr. The feedin 

rate of the flour was kept at 100 kg/hr. 


3. Production of Pasta 


The pre-cooked products were milled in a 

laboratory hammer mill to the specified 

particle size, (Table II), mixed with 

semolina and defatted soy flour, moisture-

conditioned and extruded to form spaghetti 

in a laboratory Braibanti press, using 

brass molds without applying vacuum. The 

pastas were dried under controlled cundi-

tions of temperature and relative humidity 

similar to those generally elivd by 

industry. 


SPECIFICATIONS 


1. Pre-cooked corn flour 


Table II lists the specifications required 

for pre-cooked corn flour to be used as a 

replacement of wheat in pasta making. 

These specifications have been given by I] 

based on the results obtained on laboratoz 

and industrial scales (Buckle et al., 1975) 

In addition to those listed, the amylogral 

given by a 10% water suspension of the flc 

should be similar to No's 1 and 2 of 

Figure 1. 3/ The viscosity at room tempel 

ture should be low, that is, at 900C, 

between 500 and 700 BU. These properties 

facilitate mixing and secure adequate 

behavior of the dough during the extrusior 

forming of the pasta. 


2. Protein-Enriched Pastas 


The pasta produced with 50% pre-cooked coi 

flour, 25% semolina and 25% defatted soyb( 

flour should have a texture profile close 

the standard semolina pasta (Sandoval, 19 

Bourne et al., 1975). The volume increase 

should be close to 130 cc/1Og and weight 


3/ "Production of Pre-Cooked Corn Flours for
 
Arepa-Making Using an Extrusion Cooker,"
 
0. Smith, T.S. Buckle, A.M.D. Sandoval,
 
G.E. Gonzales. Journal of Food Science,
 
Vol. 44, p. 816, 1979.
 

Figure 1 shows four amylographa: No. 1
 
corresponds to the regular pre-cooked corn
 
flour commercially available in Colombia!
 
No. 2 is the amylograph of an extruded corn
 
flour produced in a Wenger X-20 extruder
 
(Smith et al., 1978). Both of these flours
 
comply with the specifications (dextrose
 

index, amylography) and could be taken as
 
standards for the discussion of results.
 
No. 3 has a low dextrose index (38) and a low
 
viscosity amylograph, but thE curve has a
 
shape similar to No's. 1 and 2. This flour
 
was obtained in the MFM-KIST extruder in the
 
presence of high moisture (+ 35%) and low
 
temperature (f0°C). These observations and
 
the results of Table III (that illustrate the
 
influence of extruding temperature on
 
dextrose index and amylography) indicate that
 
it may be possible to obtain a higher dextrose
 
index and a better amylograph in this equip
ment extruding under lower moisture levels
 

and at higher temperatures. (The conditions
 
could be similar to those used for flour No. 2,
 

Figure 1.) Apparently the extruder can be
 
run under those new conditions, hence no
 

design modifications seem to be required.
 
Amylograph No. 4 is typical of a pre-cooked
 
corn flour produced under low-moisture and
 
high-temperature conditions (snack extruder).
 
It shows 180 BU at low temperatures and a
 
very small viscosity increase during the
 
heating and cooling pericds. The dextrose
 
index of this flour is above the specifica
tion. The tendency observed in dextrose
 
index and amylographic behavior of the
 
samples run in the snack extruder (Table III)
 
seems to indicate that by lowering the
 
extruding temperature and raising the mois
ture of the material above 19%, it may be
 
possible to produce pre-cooked flours that
 
will comply with the specifications. Since
 

the snack extruder temperature is fixed, and
 
19% was the highest moisture content at which
 
the grit- could be fed, the present design of
 
this !xtruder will have to be modified. The
 
data of Table IV illustrate the influence
 
that the characteristics of the pre-cooked
 
flours (DI and amylography) have on the
 
properties of the protein-enriched dough and
 
pasta produced with them. A high ;extrose
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Table III. 
 Effect of Extruding Conditions on the Properties of Extrusion-Cooked Corn Flours
 

Moisture :
 
Equipment : Sample: during : Extruding :Dextrose Amylography Viscosity U. (b)
 

: No. extrusion:temperature Index
 
(*: 
 *90°c (20')
oc: (a) :25°c C90°c :Tp'OC (c)
 

Snack extruder..: 
 1 : 14 : 150 : 85.5 260 : l0 : 105 170: 

: 2 : 16 150 : 84.6 280 120 105 : 170: 

: 3 : 18 : 150 76.8 : 280 : 150 
 135 : 220: 

4 19 150 75.4 180 170 '/0 265: -

MFM-KIST : : : 
 . : :

extruder ....... .1 
 : : 50 18 
 : : 450 540 :1200: 81
 

.: € .I' 65-75 : 23 : 270: 360 :740: 82
 

_ : 84: 3 : 
 :330 230 900: 79
 

M H : . . : 

0 0: 

(a) An enzymatic method: that measures degree of modification of the starch (Buckle and Pardo,

1972, Smith et a., 1978). :,,l !
 
(b) Brabender Viscoamylograph VS-6 Torsion Head 350 Cm-g.

(c) Pasting Temperature.
 

1300 I - Precooked Corn Flour from Column-Roller Process DI&50 
1200 _ 2 - Extruder Under 30% Moisture and 1350C,Wenger X-20 (Smith et aL 1978).1100- 3 - M.M-K Extruder 80*C, 935% Moisture
 
1000- 4- Snack Extruder, 19% Moisture, 1500C
 
900 DI * Dextrose Index 
B800. 

.
500 
0 

*400

200 1 21 1................... .....---------------------

0 I 
608C 900C 90"C 500CI-Heatln Constant I Cooling 

Temperature
Holding Period - 20' 

Figure 1. 
Amylograph viscosity of corn flours produced by the column-roller pro
cess and by extrusion cooking.
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Table IV. Properties of Protein-Enriched Pastas Produced with Extrusion-Cooked Corn Flours 

Precooked 0 
corn : 1 Cooking (92 C) (b) ObservationsEqup t : sample :Vol Increase:Wt. Increase: Solid 
'(a) : cclOO g : g/100g :Losses %: Dough (c) : Pasta 

Snack.extruder..: 
 1 1451 .133 8.0
: : Lumps formed,: Wet: Sticky 

: :difficult to Dry: Good 
: . :mix, high : mechanical 

:: :resistance to : behavior7 . ./ :extrusion, 
-: 
 :sticky dough :Cooked: Texture
 

S: : .: profile

4 : 
 close to
S:: 
 standard
 

NFH-Kist 

Extruder 

1 130 4 -153 11.3 :Good mixing : Wet: Spaghetti
 

* breaks
 
Dry: Spaghetti
 

:: breaks
 

2 155 : 164 : 11.3 :Uniform dough :

3- 130 : 160- : 14.8 :No stickiness : Wet: Non-sticky 

Dry: Acceptable 

: mechanical: : 
 : : behavior

Pasta Formula: 50 pre-cooked flour, 25% semolina, 25% defatted soy flour
 
(a) See Table III. (b) Buhler method. (c) 
Behavior during mixing, moisture conditioning and
 

pasta extrusiom.
 



index flour (sample 1, snack extruder) presents
mixing problems, the dough is difficult to 
extrude and stickiness appears in the wet pastas,
although the mechanical behavior and texture of 
the final product are very good. On the other 
hand, a low dextrose index in the flour 
(sample 3, MFM-KIST extruder) gives poor 
mechanical behavior to wet and dry pastas and 
higher solid losses during cooking. All pastas

tested presented acceptable volume and weight

increase during cooking. 


CONCLUSIONS AND RECOMMENDATIONS 


The above results and comments allow us to 

conclude: 


It seems feasible to scale down the produc-

tion of pre-cooked corn flours by using 

extruders similar to the ones tested in
 
this study. 


The Meals for Millions-KIST extruder could 

be used without introducing any design 

modification. The snack extruder should
 
be provided with adequate feeding devices 

and temperature control systems. A proto-

type is needed. 


-
The present prices of the two extruders 

(CIF Bogota) are similar. It is not 

expected that the modifications proposed 

for the snack extruder will increase its 

price significantly; therefore, the two 

extruders could be technically and 

economically competitive.
 

The use of locally-produced equipment could
 
present advantages in relation to mainte-

nance and services. 
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Summary of the Nutrition Program InCosta Ricm 

Dr. 	 Guillermo M. Chaverri 
Social Development and Family Program
 

San 	Jose, Costa Rica 

INTRODUCTION 


Since 1973 in Costa Rica there has been 

interest in establishing a new program in order
 
to reach an important part of the population--

that of very low family income-- which is left 

out 	of most other government programs. The law
 
of Social Development and Family Program was 

issued in December 1974. 


Many programs have been established during 

these four years (1975-78), and among them the 

nutrition program is one of major importance, 

Ho-Tever, this program was organized with a 

paternalistic pattern, especially in school 

nutrition centers (CE's). The new government
 
(since May 1978) has been changing these CE's II. 


into true instruments of humau development and 

community participation. 


PROGRAM'S INCOME 


I. 	A 5% ta: on all payrolls of the country un
less it is 2,000 colones (about $230) per 

month or less. The central government, 

Congress, the Supreme Court of Justice, 

universities and health institutions do not 

have to pay this tax. During the year 1979 

this income will produce 260 million colones 

(about 30 million dollars). 


II. Thirty-seven-and-a-half percent of what the 

government gets from sales tax- which is 

8% on all sales. This will produce an 

income in 1979 of nearly 371 million colones 

(about 43 million U.S. dollars). 


III. For 1979 a total income from all sources of 

644 million colones (about 74 million... 

dollars). 


DISTRIBUTION OF FUNDS 


I. 	Pensions--By law, 20% of total funds must 

go to pay pensions: 644 x 0.20 - 129 

million colones (about 15 million U.S. 

dollars). These pensions are given to: 


A. 	Persons over 65 with no social security
 
benefits (social security started in
 
Costa Rica in 1943 and at the beginning
 
did not cover everyone).
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B. 	Persons under 65 not able to work
 
(invalids) with no source of support
 
and no social benefits.
 

C. Abandoned mothers with family obliga
tions unable to work.
 

D. 	Special cases of sick people (e.g.,
 
Hansen's disease). (A community
 
committee is in charge of assigning
 
these pensions. The committee can
 
cancel a pension or decide on a new
 
one. There is a quota for each
 
community according to its economic
 
and social conditions.)
 

Other activities and participating insti
tutions--The following programs are also
 
financed through 15 different state insti
tutions:
 

Millions
 
Colones U.S. dollars
 

A. 	Nutrition 200.0 23.0
 
B. 	Housing 50.0 '5.75
 
C. 	Child Welfare 58.0 6.7
 

(orphans,
 
abandoned children,
 
nurseries, cen
ters of nutri
tion)
 

D. 	Integral Health 80.0 9.2
 
Program (10
sub-programs)
 

E. 	Organization of 8.5 0.97.
 
Communities
 

F. Community 8.0 0.91
 
Production
 

G. 	Old-age Welfare 5.0 0.57
 
H. 	Potable Water 35.0 4.0
 

Program
 
I. 	Land Distribu- 50.0 5.75
 

tion Problems
 
J. Technical 9.0 1.03
 

Workers' Pre
paration
 

1.4
 
Expenses
 

Total 513.5 


K. 	Administration 10.0 


59.0
 



NUTRITION PROGRAM 


A. Participating institutions--Several 

institutions have shared responsibil-

ities in the nutrition program since 

January 1975, when it started under the 

new law (there had been for many years 

a nutrition program but never so well-

financed), 


1. 	Ministry of Public Education--Serv-

ing hot meals in most grammar 

schools of the country: 2,824 

schools had the program by October 

1978, serving 387,202 children 

between 6 and 12 years of age; 114 

high schools serving 55,000 stu-

dentsbetween 12 and 18 years of age

(see Table I). Total of 442,201 

students.
 

2. 	Ministry of Health--Serving break-

fast and lunch in 540 centers of 

education and nutrition (CEN). 

These CEN's attended 40,303 children 

from one to six years of age, preg-

nant women and also women in the 

lactation months (Table II). 


--More than 300 health posts (in
 
very remote and isolated rural
 
communities ) have been opened and
 

the program will establish more
 
than 500 before July 1979. These
 
health posts distribute powdered

whole milk to each child under six.
 
A total of about 300,000 kg of
 
powdered milk per month is distri
buted by the Ministry of Health in
 
CEN's, health centers and health
 
posts.
 

3. 	National Council of Production
 
(CNP). CNP buys and distributes
 
foods (except vegetables and fruito
 
to school nutrition centers (CE's)
 
and to CEN's. This state institu
tion, CNP, also distributes the
 
powdered whole milk produced in
 
the country and used in the CE and
 
CEN programs.
 

4. 	CARE-CARE imports the raw material

for the pea soup manufactured in
 
Costa Rica by PRONUTRE, as well as
 
skim milk, corn/soy blend (CSB),
 
wheat flour, oil, etc. (see Table
 
III). These products are provided
 
by AID and are distributed by the
 
Ministry of Health in CEN's and
 
health posts and by CNP in CE's.
 

Table I. Cost of 1978 Program School and High School Nutrition Program (CE)
 

COSTS (U.S. DOLLARS)
 

Per Yeari Per Month Per Day' Per Child
 

Whole powdered milk 9,860,672.76 821,722.73 31,604.72 O.0715 il'231 

Other foods 19,313,883.04 1,609,490.25 , 60,858.95 0.14 / ilU17 

Employees (cooks)* 2,323,255.81 193,604.65 7,446.33 010168 7.35: 

Transportation** 73,286.23 6,107.19 ,234.89 0.0005 0.'25 

TOTAL 31,571,097.84 2,630,924.82 100,144'.89 
 0.2288 100.00
 

* 1,850 workers with a salary of $104.65 per month. 

•* Only a few places needtransportationcharges; however, cost was distributed among
all.
 

Students in schools and high schools: 

Number of grammar schools: 

Grammar school students: 

Number of high schools: 

Number of students in high schools: 


442,201
 
2,824
 

387,202
 
114
 

54,999
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Table II. Cost of 1978 Program Centers of Education and Nutrition (CEN)
 

COSTS - U.S. DOLLARS
 

Annual Cost Monthly Cost Daily Cost Child/Day %
 

Milk (whole powdered) $1,143,823.65 $ 95,318.64 $ 3,660.10 $0.0865 21.00
 

14.46
Non-perishable foods 786,338.73 65,528.23 2,520.32 0.0595 


Fresh foods 2,193,233.02 182,769.42 7,029.59 0.1744 42.34
 

Cooks 855,627.91 71,302.33 2,742.40 0.0647 15.70
 

Nutritionists 28,604.65 2,383.72 91.68 	 0.0022 0.53
 

0.0213 5.15
Assist. Nutritionist 1 281,023.26 23,418.60 900.72 


Assist. Nutritionist 2 28,883.72 2,406.98 92.58 0.0022 0.54
 

0.0011 0.28
Transportation 15,003.49 1,250.29 48.09 


TOTAL $5,332,538.43 $444,378.21 $17,085.48 $0.4119 100.00
 

Number of CEN's: 540
 

Beneficiaries: 40,303 (Children and mothers)
 

C. Reasons 	for the changes:
Table III. 	CARE Foods.Distributed in 1978 by-

Ministry of Health
 

1. CE's interfere with the process
 
of teaching because of lack of
 
space, utensils, and other facil-


Food Quantity 	 ities.
 

2. 	Program cannot be aimed--as it
 
was--to feed all children regard-
Kg
Peanut Oil 	 14,171 

less of economic and social condi113,078 Kg
Peas 

Kg tion. The new 	policy is to offer
Skim milk 	 80,454 

the food to 	those who need it
Soybean oil 	 74,508 Kg 


C.S.M. 	 2,599 Kg (biologically or socially).
 

W.S.B. 	 84,663 Kg
 
3. 	The system of sending the food to
Wheat flour 	 67,068 Kg 


schools through the CNP is too
Pea soup 	 572,000 Kg 

paternalistic and does not stimu

late local production.
 

B. Reforms to the 1974 program--Since May
 
1978, when the newly-elected government 4. Appointment -f the cook or kitchen
 

workers by the Ministry of Educatook office, a reorganization of the 

tion is an imposition of central
nutrition program has been in process. 

government without community par-
At 	the present, these reforms cover 

ticipation.
only CE's. 
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5. 	There was a lot of food loss owing 

tL,: false delivery (in many cases 

some of the most expensive foods 

such Rs milk, cans of tuna fish, 

etc.,were kept by other cooks, CNP 

employees or other people who were
 
close to CNP); food spoilage; 

inadequate preparation and conse
quent rejection by the children. 


D. 	Changes underway: 


1. All CE's were closed during Decem-

ber 1978. Schools end in November 

and coffee harvesting occurs at 

this time, so people have good 

income in these months. All cooks 

were fired in order to re-open CE's
 
with new personnel (some of the old 

ones may be reappointed if they 

were good workers, and if the 

community so desires). 


2. Each CE which is reopened has a 

committee which receives money from; 

the program. (CNP no longer par
ticipates.) With the money they 

buy the food, pay the cooks and 

auxiliary pazsonnel, and the gov-

ernment no longer sends food or 

appoints the workers. The commun-

ities are taking over the CE's.
 

3. Communities will be stimulated to 

start producing food for the CE's: 

fresh vegetables, fruits, meat 

(chicken and rabbit), eggs, etc. 


4. 	Besides money, government also 

sends a few special foods: skim 

milk (CARE's skim milk will cover
 
program needs during six months of 

1979); pea soup; CSM (corn, soy, 

milk); CSB (corn-soy blend); and 

WSB (wheat-soy blend). The reason 

for sending these foods is that 

communities have no capacity for 

producing them locally. In some 

far-away communities locally-pro-

duced fresh milk is used. Natur-

ally, these foods allow a greater

variety of menus so that communit-

ies have more freedom of choices. 


5. Nutritionists, experts on school, 

and community gardens, and agents of 


human promotion will be visiting and
 
assisting the communities to con
stantly support and improve the
 
program. Written menus and recipes
 
are recommended.
 

E. 	Objectives:
 

The program aims at four main objec
tives: nutrition; food sanitation
 
control; local production and use of
 
food; and budget. These four
 
objectives are to be achieved in
 
the 	CE and in the community as a
 
whole (families) (this is a
 
program of human promotion and
 
not 	merely a children's feeding
 
program).
 

1. 	Nutrition--The members of the
 
committee, the children and all
 
families of the community must
 
know what a balanced meal is.
 

Children are future parents, so
 
besides receiving a balanced meal
 
they must know it is important.
 

2. Food sanitation control--We must
 
repeat here all that was written
 
down for point I above. All
 
health habits related to food
 
must be an important issue.
 

3. 	Local production and use of food--

This will be fully accomplished
 
with the help of volunteer organ
izations (e.g., 4S Clubs). Also,
 
the Ministries of Public Educa
tion and of Agriculture have a
 
joint program for school and com
munity gardens.
 

4. Budget--Since CE committees have
 
to handle financial matters
 
(checkbooks, receipts, monthly
 
reports, etc:), they must be care
fully instructed as to how to pro
ceed. (There is a manual with
 
all details.) They have to learn
 
how to prepare the budget accord
ing to the daily menu and the
 
recipes. All this knowledge
 
should be given not only to mem
bers of the committee but also to
 
parents, so that a family budget

will be another important issue.
 
At present, people expend money
 
without reason or priorities.
 

46
 



PRONUTRF and the Pea Soup 

Ing. Delbert Clark Grimns
 
PRONUTRE, Inc.
 

San Josg, Costa Rica
 

LATIN AMERICA 


Malnutrition, lack of housing, and pover-

ty are general characteristics of Latin;Amer-

ica. Development projects that are currently

being carried out in the region have not yet 

accomplished eradication of extreme poverty, 


Almost all the countries have gone through 

some population increase, with the exceptions 

of Argentina, Chile and Uruguay, and it is ex-

pected that by the end of this century 'here 

might be 600 million people, half of them 

living in main'cities. 


On the other hand, cities grow unorgan-

ized without giving basic services while 

increasing social, cultural and economical. 

divisions. In the northeast part of Brazil,

which they call the "triangle of hunger," 20 

million people fight for survival. In Peru
 a person consumes only approximately 12 

grams of animal protein a day. The Mexican 

level of nutrition is one of the lowest in 

Latin America. And in all of Latin America, 

raw materials, transportation, and costs of 

production have increased in the last few 

years. Statistics predict no positive change

in this difficult situation, 


Some experts say that Latin America has 

the capacity to satisfactorily feed not only

the 250 million people, but twice that num-

ber and even more. All this, naturally, if 

Latin America has the proper technology adjusted to the conditions and needs of each 

country. 


In the beginning of 1976 CARE/Costa Rica, 

with the aid of the Center of Investigation

in Food Technology (CITA) got.PRONUTRE in-

volved in what was considered by us "proper

technology," one that had been unknown to 

us before that day. 
A CARE Brady was installed
in PRONUTRE's plant for experimental pur-

poses. Two days after the startup, PRONUTRE
 
put in an order for its own electric Brady

cooker. 


PEA 	SOUP BACKGROUND 


During August 1976 the Costa Rican Mission

of CARE consulted with CITA about the 

possibility of using a future donation of
 

dried green peas. After receiving and study
ing 	a sample, CITA indicated that the material

had 	good applicability, so the government ac
cepted the offer.
 

The time between the acceptance of the
 
donation and the remittance of it (November
 
1976) was short, so CITA proceeded to conduct
 
an urgent preliminary study. For that, they

contemplated the availability of other dona
tions such as wheat flour and dry milk, as
 
well as the existence of regular quantities

of soybeans that came from an introductory

experimental cultivation promoted by CARE-IMAS.
 
Co.isidering the characteristics of the available 	raw materlals and the shortage of time,

they concluded that the best choice was to
 
make a dry soup.
 

PRINCIPAL REASONS FOR THE SELECTION OF A SOUP
 

The most important reason to use the pea

within a formulated product was the local lack
 
of knowledge of its cooking process and the
 
fact that dry soups are generally accepted and
 
used all over the country. Two more important

factors that led to the choosing of a soup
 
were: the security of a boiled product that
 
has 	had a previous cooking stage when making

the pea flour; and the fact that the donated
 
product was difficult to use directly like
 
wheat flour. Also, there could have been con
siderable amounts of the donated product lost
 
through underuse.
 

Fortunately, there was the possibility of
 
using the total amount of the materials in the
 
preparation of a stable product which goes
with the national feeding habit and is easy to
 
use, transport and store and whose usage is
 
easy to control.
 

AVAILABLE ELEMNTS TO DEVELOP THE FORMULA
 

1. 	Raw materials from donations
 

a. 	peas
 
b. 	wheat flour
 
c. 	non-fat dry milk
 
d. 	soybeans
 

2. 	Scientific and technical resources
 
All those that are available at CITA
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3. 	Industrial facilities 


The "Sociedad Industrial PRONUTRE S. 

A." had been the base for CITA's ex-

periences in the low-cost extrusion
 process and!offered adequate facili-

ties to make the wanted soup. 


NUTRITIONAL-ECONOMIC REFERENCE BASES 


1. 	Cost as a first reference: in terms 

of calories and proteins, costs of 

the menus utilized in the national 

feeding program in 1976 were: 


a. 
School menu: $0.20/1000 cal and 

$0.808/100 g protein. 


b. 	Pre-school menu: 
 $0.1767/1000 

cal 	and $0.9011/100 g protein. 


2. Based on the desire to make a real
and adequate comparison, a concrete 

case was sought within the menus of
the program. Selected was the black 

bean and egg soup, prepared for 50 

children, with an ingredient cost of
$4.9651. This is $0.098/ration, 

which implies from the cost point of 

view $.9441/100 cal and $1.643/100 g
of protein. 


Table No. I shows a comparison with other 

soups sold on the national market. 


The process utilized for the production

of the soup is observed in Figure 1.
 

Tables 
 II and III show the nutri-

tional values along with their cost comparisons. It is important to point out that in 

both cases in which the soup is produced
(with or without costs for raw materials),
it is always significantly more economic. 
On 


Table I. Picture of Comparisons
 

Brand 


the national market, the pea soup produced by
 
a multinational company costs $0.
4825/package

of 65 grams, which indicates a cost/kilo of
 
$7.33.
 

After having carried out acceptability

studies, PRONUTRE accepted the challenge of
 
producing, in the time establishled by the government, 1.8 million kilos of production. A
 
quantity of approximately 1.5 million kilos of
soup was produced by PRONUTRE during 233 days
of production. 
The 	Brady worked an average of

approximately 7.30 hr/day five days/week and
 
gave us an output of 756.16 kilos/hr
 
at a temperature of 285*F and an amperage
of 150-175. We experienced 43 electrical fail
ures. Rotor maintenance was necessary on 3
 
occasions. 
Eight cones with eight bearing
rings were required, as were 120 cans of hydrau
lic oil and 3 filters. Various changes were
 
made on the Brady:
 

1. 	The electric system was modified.
 

2. 	The base of the motor with the trans
mission box was modified.
 

3. 
The rotor was modified at the output

and at the input.
 

A total of three men worked in the produc
tion department and one man in the cleaning
department. 
 Three women were in charge of

packing the soup. 
 Production was carried out
 
in 8 hours, while the packing was carried out

in 10 hours.
 

It is important to point out that the
Brady at no time gave us mechanical problems.
 

MODULAR SYSTEM
 

PRONUTRE has participated in the designof
cereal flour plants, and we consider that itis
 
possible to make a compact modular system tobe
made and sent to any country in a very short
 

Type 
 Cost/Kg, Costa 
 Cost/Kg,
 

Rican colones(t) $U.S.A. 
 Z Noodle
 
Lucema 
 Chicken with thin noodle 
 27.20 
 3.1627 
 27
 
Malher, 'Chicken with thi n'fioodle 35.0877 
 4.9799 
 70
 
Continental 
 _.Beef with thin noodld,, 35.4545 1 4.1226 
 62.72
 
Maggi 
 Beef with thin noodle 
 44.6153 
 5.1878 
 65.38
 
Pea 	Soup 
 Pea 	concentrate 
 3.27 
 .3802

without costs
 

Pea soup 
 Pea 	concentrate 
 : 
 8.778 
 1.0206
 
with costs
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time. In this system, the grains can be intro-

duced to the base mill either by direct trans-

portation or manually. The granulated pro-


duct falls into a surge tank that will permit 

an elevator, either screw or bucket, to trans-

port to the Brady on the upper floor. As the 


Table II. Protein & Calories Costs
 

tea, Flour, Milk, Soybean Cost 0 


Kind of Soup Cost (1000 cal). 

Costa Rican colones (0) 


Beans & egg soup 8.12 


(Homemade kind)
 

Commercial soup 8.00 


Pea soup 1.06 


Table III. Protein & Calories Costs
 

With Local Prices of Pea- Flour-milk:and soybean 


Kind of SoupCst/ " ts000 cal). 

SiCosta Rican Colones(¢) 


Beans & egg soup 8.12 

Commercial soup 8.00 

Pea soup 2.84 .0.3302 

Table IV. Pea
 

Ingredients:
 

Peas 70% 


Fortified Flour. 7% 


Non-fat dry milk 8%
 

Soybeans: 


Flavoring. 5%... 

Spices, !i
5Z,"
 

Moisture 6.94%
 

Protein 
 23.35% 
Carbohydrate SCI 95%! 

Fat 2.65%.
 

Ash L.91%
 

Fiber 1.20%
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product comes out of the Brady, a small air 
 -

system will cool and separate the hot air from
 
the product, where it will pass through a mill
 
and then to another surge tank. The modular
 
system has only one piece of equipment which
 
could be difficult to make in most of the
 
countries--the Brady cooker.
 

Cost per ration 00.0654
 
$0.0076 U.S.A.
 

Cost (100 gr. of protein)
 
$ U.S.A. Costa Rican Colones ( ) $ U.S.A.
 
0.9441 14.33 1.6662
 

0.9302 16.30 1.8953
 

0.1232 1.60 0.1860
 

* 
Cost per ration 00.1755 

$0.02 

, 
$ U.S.A.;" 

0.9441 

Co ,stsl00 gr. of Protein 
Costa Rican Colones ( ) 

14.33 

$ U.S.A. 

1.6662 

0.9302 16.30 1.8953 

4.29 .4988 

Table V. Nutritional Value of the Pea Soup
 

.
 

Calories/100.gr. LProtein/100 gr. ofof poduct - product 

. 

S 5Dried Dissolved Dried Dissolved 

308.78 61.75 20.45 4.09
 

1:10 Solution (20 gr. in 200 c.c.)
 

http:Calories/100.gr


Table VI. IWA-PRON!UTRE 

Peas 

Ingredients 100% white corn 	 Slio So 

Moisture 8% 	 Dehulle 

Protein 9.93% 1
 

Fat 4.15% 
 Cleaner 

Ash 	 1.42% 
Blender 

Fiber 	 2.11%
 

b
Slagsag 	 I 

S 2 	 E 

E 

Granulation 


0.2%
on U.S. #40 wire 

on U.S. #50 wire 4.0% Cooler 

on U.S. #60 wire 2.4% 

on U.S. #100 	wire 24.0% 
 Reduction Mill *1 

through U.S. #100 wire 69.0%
 

Table VII. YOMALE 	 Sta 3 J 

________________________________________Blinder___________ 

/ 	 Cleain Idner 11-13!, 

eFiller -W. bDlydration losses:. 


Soya- Soybean 10% CLndli R ossu.: 0.5-.". 

Harina Arroz - 5% Packaging 
Rice
iiefour
 

HarinaYuca 5% Figure 1 Pea soup processig system stages. 
ls g9y matgs,Yuc~a flour, 

Maize -corn 80% 

Temp. 325°F 

Table VIII.. 	NUTRITIONAL COMPARISON
 

All weights are 6 oz.
 

Nestum $2.32 Gerber $2.09 Corn Flakes .8113 Yomale' .1744 

Protein 	 30 . 35 7.9 '" 10.32 

Calories % 375 390 386 	 370.65 

Fat 	 1.%6.1 "0.4 4.16 

Calcium 	 600 640 17 33.30
 

Phosphorous _700 500 45 	 196.90
 

Iron 	 2 10 1.4 2.514
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The LEC System InCosta Rica 

Justin R. Jackson
 
CARE-Costa Rica
 

A recent newsletter of the League for In-

ternational Food Education (LIFE) stated that 

nutrition planners at a conference held in Rio 

de Janeiro criticized nutrition intervention 

feeding programs on the basis that traditional
ly these programs are expensive and are non-

supportive of food production. Hence they 

claimed the programs are actually detrimental 

to a host country's poor farmers, making the 

country perpetually dependent on richer food-

producing countries. On the other hand, the 

report also stated that the advantages of such 

intervention programs are that they are easily 

controlled, their effects predictable, they 

are popular with both the recipients and poli- 

tical decislon-makers, and are probably the 

only way for developing countries to quickly
 
reach persons having severe nutrient defi-

ciencies. 


In Costa Rica, the Government of Costa 

Rica, CARE and USAID have addressed the two 

mentioned problems to reduce their adverse 

effects while taking advantage of the tradi-

tional positive aspects of nutrition inter-

vention feeding programs. In 1976, the three 

parties signed a three-year agreement which 

provided for collaboration in undertaking a 

food production program which places emphasis 

on soybean cultivation and the construction 

of a food processing plant to produce low
cost nutritious food products for Costa Rica's 

nutrition feeding programs. With this verti-

cally integrated program, it is-hoped that the 

nutrition programs will stimulate local pro-

duction of grains, particularly soybean and 

corn, as the processing plant will provide a
 
ready market for the produce. The LEC plant 

will process the produce at a low cost, thus 

reducing the cost to the government for under-

taking the nutrition intervention programs. 


The low-cost extrusion cooking plant con
structed under the project is now ready for 

commissioning, with its inauguration scheduled 

for late February. 


The plant is unique. It differs from 

other similar plants so far constructed like 

those in Tanzania and Sri Lanka, for example, 

in that it contains cleaning and dehulling 

equipment. Also, not only will extrusion cook-

ing be used to produce CSB and CSM, but also 

two alternative systems are available for full-

fat soy flour (FFSF) processing, namelyex-


trusion or roasting. The plant therefore
 
offers the opportunity to utilize these two
 
alternative processes-and to compare the pro
ducts and costs (Figures 1 and 2).
 

The extrusion capacity of the plant is
 
presently 455 Kg. (1,000 lbs.) an hour for an
 
estimated annual production capacity of 2,275
 
M.T. (five million lbs.) per year. It is es
timated that the extrusion capacity can be
 
doubled by the addition of a second Brady to
gether with minor equipment alterations, at a
 
cost of less than $30,000. The roaster has an
 
estimated capacity of 910 Kg. (2,000 lbs.) per
 
hour for an annual capacity of 4,550 M.T. (ten
 
million lbs.).
 

The cost of the equipment for the plant
 
and its installation is just under $145,000;
 
the building has cost $107,000. Thus the
 
depreciable capital cost per kilo is less
 
than US$0.002 (US$0.001/lb.) based on equip
ment depreciated in five years and building
 
ih twenty, depreciated at full production
 
capacity. Even when depreciating the plant
 
and equipment at the much lower first year
 
target production rate of 1,180 M.T. (2.6
 
million lbs.), the capital depreciation comes
 
to only US$0.029/Kg. (US$0.013/lb.) -
remarkably low cost.
 

CARE and USAID have shared the cost of
 
the building and equipment. The Government
 
of Costa Rica will be covering all costs asso
ciated with the processing of the nutritious
 
food products.
 

The processing system constructed in
 
Costa Rica has been designed by Colorado
 
State University (CSU) so that raw materials
 
are received regularly every two or three
 
days.
 

Raw materials enter a receiving area
 
where they are off-loaded. Gunny
 
bags containing the grain are dumped into a
 
receiving hopper whence they are conveyed by
 
screw conveyor to a clipper. The function of
 
the clipper is to clean the grain of all
 
foreign matter, except that which is the same
 
size of the grain being cleaned. A blower
 
carries away light-weight matter, while a
 
series of screens separate any foreign matter'
 
either larger or smaller than the grain.
 
From the clipper the grain is carried by
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screw conveyor to a stoner, which separates 


the remaining impurities, rocks or stones, by 


means of air suApension and specific gravity 


whereby the lighter grain falls and the heavier 


stones are conveyed up and out. The grain than 


passes from the stoner by means of another 


screw conveyor. Up to this point all raw ma-

terials go through the cleaning system just 


described, regardless of how they are pro-


cessed. Subsequently, the system bifurcates, 


depending on whether the grain is to be ex-


truded or roasted. 


Let's follow the extrusion system first. 


From the stoner the grain is conveyed to the 


dehuller. The purpose of the dehuller is to 


remove the hull so as to reduce the fiber 


content of the final product. This is im-


portant if an infant weaning product is de-

sired, since fiber may cause damage to the 


delicate digestive system of young children. 


From the dehuller the grain is conveyed by a 


bucket elevator to a height of about 17 meters 


(55 feet) where it drops into one of two bulk 


tanks located outside the building. Since a 


CSB-type product will be produced, two bulk
 

tanks are required -- one for soy, the other 


for corn. Once the grain is in the bulk tanks 


it is ready for processing. The grain is 


called forward for processing by a propor-


tioner/grinder, which is calibrated to pre-


determined proportions at least once during 


each 8-hour shift. Initially it is planned to 


produce a CSB product containing 30% soy and 


70% corn. The proportioner/grinder also 


grinds the product into a fine particle size 


which is determined by the size-screen used. 


The mixod and ground product is conveyed from 


the proportioner/grinder by screw conveyor 


where it is dropped into a hopper located over 


an electrically-driven (100 H.P.) Brady Extru-


der (Model 2160). 


In Costa Rica the Brady has been modified
 

to eliminate the hydraulic system. Experience 


with the hydraulic system in Sri Lanka indi-


cated that the intermediate-duty hydraulic 


system did not stand up well to continuous 


usage. The modified Brady permits the grain 


to be fed directly into the extrusion barrel 


by means of a vibratory feeder. It is be-


lieved that this modified system will not
 

only avoid problems experienced with the 


hydraulic system, but also avoid pluggings in 


the now-eliminated transition area between 


the hydraulic driver screw auger and the ex-


trusion barrel. 
 It has the additional advan-


tage of being able to feed the extruder with 


a finer-ground product, which should result 


in more homogenous cooking. The main bearing 


of the Brady has also been modified to permit
 

better lubrication. 


The Brady, as you are aware, cooks in a 


continuous fashion through a combination of
 

high pressure and friction -- there is no in
duced heat. When the cooked product leaves
 

the extruder it is in the neighborhood of
 

1620C (3250 F); moisture is immediately flashed
 
A series
off as the product begins to cool. 


of cutters, attached to the end of the extru

sion barrel, cuts the product into small irre

gular chunks. The cooked product than falls
 

onto a belt conveyor which lifts and drops it
 

into a drum cooler. CSU and I have a slight
 

disagreement here, as I feel that the rela

tively expensive (US$7,500) cooler can be
 

eliminated. The cooler's function of re

ducing temperature and humidity, I believe,
 

is accomplished while the product is conveyed
 

on the belt conveyor. By extending the belt
 

conveyor a few more feet (at a fraction of
 

the cost of the cooler), the residence time
 

should be sufficient to reduce the humidity
 

and temperature. The function is essential
 

for proper milling, which cannot occur if the
 

product is not sufficiently crisp; overheat

ing of the mill will occur if the product
 

temperature is not low enough.
 

From the cooler/drier the extruded pro

duct is dropped into a hammermill. The size
 

of the screen used determines the particle
 

size obtained. The hammermill has an air
 

relief system which helps to relieve or clean
 

the screens of the mill. The product is con

veyed from the hammermill by both air and a
 

screw U-trough conveyor to a bag-house air re

lief system. The bag-house acts essentially
 

like a large vacuum cleaner removing from the
 

air the finely-ground product. The product
 

then leaves the bag-house by another U-trough
 
At the end of the U-trough
screw conveyor. 


there is a transition where the product falls
 

by gravity into a regular screw conveyor and
 

is carried to a conical-shaped surge tank
 

located over a blender.
 

Vitamins, minerals,and non-fat dry milk
 

powder are manually added to the blender prior
 

to mixing. On completion of blending, the
 

product is conveyed again by a screw conveyor
 

to a second conical-shaped surge tank which
 

is used to store the product prior to packag

ing.
 

Initially it is planned to pack the pro

duct into 25-kilo bags made of 4-ply Kraft
 

paper that has an inner plastic liner. The
 

plastic bag is heat-sealed, and the Kraft bag
 

is machine-stitched. 
Due to fairly limited
 

storage space at the plant, the finished pro

duct will be removed to a central warehouse
 

every two days.
 

As mentioned earlier, the process of
 

grain cleaning is the same for both the ex

truded or roasted products. However, for the
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roasted product, the grain bypasses the dehul-

ler and is conveyed through the bucket eleva-
tor to a large surge tank located outside the 

plant. From the surge tank the grain is con-

vyed by screw conveyor to the roaster. The 

roaster uses an agitated sand roasting system, 

whereby te heated sand acts as the cooking 

element. At the end of the roaster the bears 

are separated from the sand by means of a 

screen which permits the finer sand to fall 

but Larries the beans to a discharge shoot 

where they drop into a cooler. At the end of 

the cooker the beans are carried by a screw 

conveyer to the dehuller. The reason for 

dehulling the product after roasting, rather
 
than before as with the extrusion process, is 

that CSU has found through various experi-

ments that a more complete dehulling occurs 

after roasting. 


Following dehulling the product is con-

veyed by screw conveyor to the extrusion side 

of the plant. The dehulled beans drop from 

the screw conveyor to the belt conveyor (the 

same one used for the Brady), are conveyed 

through the cooler/drier and then drop-into
 
another screw conveyor to be fed into a pin-

mill. The Alpine pinmill is the Cadillac of 

our Volkswagen system. The pinmill permits 

full-fat soy, an extremely oily product 

(having over 20% oil), to be ground to a very 

fine particle size, thus eliminating the 

problem of clogged screens which would occur 

if it.were ground by a hammermill. 


From the pinmill the flour is removed 

from the air stream by the bag-house air re-

lief system described earlier. It then 

travels through a U-trough but instead of 

being conveyed to the blender, the screw con-

veyor swivels around so that it conveys the 

product directly to the packing,surge tank. 

The product is then packed in bags similar to 

those used for the CSM. 


The conical surge tank design has been 

found essential for the full-fat soy flour as 

it greatly reduces the problem of bridging, 

Bridging, or the hindrance of free-flow of the
 
product, is caused by the high oil content and 

is encountered when rectangular or square 

surge tanks are used. Vibrators are also at-

tached to the surge tanks to reduce the chances 

of bridging. 


The processing system has been designed 

so that only one product can be processed at 

any one time. That is to say, either the 

extruder or roaster can be operated, but the 

two cannot be operated simultaneously. This 

is due to the fact that a single air relief 

system is used, in addition to certain common 

conveyors. Consideration is now being given 

to the possibility of producing a third 
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product -- a black bean soup -- using the 
roaster. It is possible that this product
 
could be produced at the same time the extru
der is making either CSB or FFSF due to the
 
fact that it would not be milled and thus
 
would not use the air relief system. This
 
would increase the production capacity of the
 
plant, resulting in a reduction of the produc
tion costs per pound, since all fixed costs
 
would be spread over a larger production out
put. The black bean soup would not be de
hulled or milled. Dehulling is not required,
 
as it is the hull that gives the product its
 
traditional consistency.
 

In October, the installation of the
 
equipment was complete enough so that it was
 
deemed advisable to undertake a limited pro
duction run. The purpose of the test run was
 
threefold: to provide an opportunity for a
 
shake-down of the system to identify problem
 
areas; to produce products for acceptability
 
testing; and to demonstrate the plant and
 
processing system to parties interected in
 
contracting to manage the plant.
 

Subsequent acceptability tests have been
 
carried out for the CSM product. These tests
 
were carried out by the Department of Nutri
tion of the Ministry of Health. Three CSM
 
products were tested, two pruduced at the T EC
 
plant in Costa Rica and the third, the
 
standard imported PL 480 Titlc II CSM product.
 
The difference between the two locally-pro
duced CSM products was the percentage of milk
 
powder: one contained approximately 8% non
fat dry milk powder (NFDM); the other con
taned approximately 15%. Acceptability
 
tests were conducted in both school lunch
rooms and pre-school nutrition centers in
 
both urban and rural areas. The findings of
 
the tests determined that all three products
 
were acceptable: the locally-produced pro
duct containing 8% NFDM had the best accepta
bility; and the imported PL 480 product came
 
in a strong third. This may have been due,
 
at least in part, to the locally-produced
 
products' being fresher.
 

The project in Costa Rica also is re
ceiving a small grant from USDA to enhance
 
the image of the blended food products pro
duced at the LEC plant and to identify packag
ing and a product name which will enhance
 
consumer reaction to the product. The les
son learned from commercial marketing is that
 
a product be attractively packaged and ac
ceptably named. Traditionally, nutrition
 
feeding programs have neglected consumer
 
image,often resulting in the feeling that
 
these products are inferior or intended for
 
the poor or for those on welfare. This situwi
tion can be avoided through attractive but
 
low-cost packaging and proper product identi
fication.
 



Nov that the processing plant is nearlycompleted, CARE and-the Hinistry of Health havebeen actively seeking a competent food proces-
sing company to manage and operate the plant.In October, atthe time of the limited pro-
duction run, 28 food processing companies were
invited to observe a demonstration of the
equipment. 
Nineteen of the 28 companies re-
spondedto the invitation, indicating ikLterest;
eleven actually attended. Subsequently, the
19 interested companies were invited 
to pre-
qualify for the management and operation of the
plant by submission of 
a prequalification do-
cument. 
The purpose of this document was to
provide the selection committee with criteria

for judging the qualifications of interested

companies. 
Four companies submitted their
prequalification documents during December.
These documents were reviewed during the earlier
part of January. 
With the assistance of Mr.
Alden Ackels, a consultant hired by USDA, a
meeting was held with the four prequalified

companies to give them a better understanding

of what exactly would be required in terms
of the plant's operations and management and 

to explain the bidding procedures; and to provide them with a copy of the draft contract.

The prequalified companies have been given a
deadline of 15 February for submission of their
bids. 
The selection of the party to operate
and manage the plant will be on the basis of: 


l. Price 


. r ie s 

2. Responsiveness to the draft contract
3. The qualifications of the bidders, 


Having been involved with the planning,
design, construction and operation of three
plants, two in Sri Lanka and one in Costa Rica,
I would like to make some comments which hope-
fully will benefit those contemplating the im-
plementation of this type of low-cost extru-
sion cooking program. 
Of first importance, in
my opinion, is the need to conduct adequate
feasibility studies. 
 Such a study should be

conducted to determine the optimum location 

for the plant. 
 For the site selection, consideration should be given to'the area from which
the raw materials will be received, and equally important is the area where the finished
products will be distributed or consumed. Consideration should be given to the means of
transport for both incoming and outgoing materials, be it by road, rail or both. 
The
study should include an assessment of the availability and dependability of the electric power
supply, even when a diesel-operated extruder is
to be utilized. The availability of a labor
force and its capacity to operate an LEC plant
is also important. 
Spare parts availability

within the country and repair facilities close
to the site selected are also important con
siderations.
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Once a site has beeA selected, careful
consideration should be given to the design of
the building. 
This iv not some 

should be taken light.y. To a 

that
 
egree,
the success of the program will not only depend on how well the design is made for the
processing system, but also how well the building itself has been designed in terms of functional efficiency. 
Some essential items are
pest control for rodent, bird and insect infestation, building sanitation and maintenance.


The location of employees' facilities and
toilets must be carefully considered for sanitation reasons. 
Even details regarding the
quality and type of floors or windows for ventilation and light are details which must receive adequate attention and care. 
And a very
important element is consideration as to the
type and quantity of storage for raw and finished products and their handling. In my
opinion, a professional food systems engineer
should undertake this important work. 
I also
suggest consideration be given to a vertical
rather than horizontal system. Vertical systems
are normally used for most large-scale mills.
 

Finally, I am reminded that while donors
such as CARE, other volunteer agencies and
USAID provide initial funding for many of
these projects, it is critical that we not
forget that the plant and system (that are de
signed and constructed) require the active
 
participation of our host countries. 
Their
contribution to the project in financial terms
once the project becomes operational frequently
 
far exceeds the donor input even during the
first year of operation. 
They must be given
an opportunity to participate as full partners
at all stages. 
We also have an obligation to
insure that the systems, building facilities
and equipment provided are of the most efficient available in terms of the objectives of
the low-cost extrusion cooking program, keeping
in mind the objective of providing an appetizing and high-quality nutritious product at

low cost.
 

Plant worker packaging Nutri Soy.
 



LEC Food Development and UtUHZlton In Tanzania 

A. C. Mosha, H. M. Lukoo & P. N. Kingamkono
 
Tanzania Food and Nutritioq Center
 

Dar es Salaam, Tanzania
 

INTRODUCTION
 

Application of a LEC system for food 

production in Tanzania is a result of many
 
attempts at selection of process systems that 

could effectively process available agricul
tural products--either alone or in blends--to 

produce foods of nutritious substance and low
 
enough in cost to suit the economic strata of 

the 	population. The exercise was necessitated
 
by the high prevalence of malnutrition in the 

country, particularly among the vulnerable
 
groups consisting of lactating mothers and 

pregnant women, infants and school-age
 
children. Malnutrition in Tanzania has been 

linked to various socioeconomic causes, and
 
these have since been analyzed (Mohamed and 

McXeag, 1970; Maletnlema 1970, 1975). Depen
dency of much of the population on cereals and 

starch-based foods--however inadequate nutri
tionally--has very much favored the perpetua-

tion of this malady. Tanzania's main diets
 
are chiefly drawn from corn, sorghum, rice, 

cassava and plantain. Although sufficiently
 
produced (Table I), full utilization of legumes 

has always been on the sidelines. Fortifica
tion of cereal with protein-rich legumes and 

oil seeds has been considered, but process
 
methods attempted have proved inadequate to 

produce foods of aesthetic quality at low
 
enough cost to meet the needs of the intended 

group.
 

BACKGROUND 


Mohamed and McKeag (1970) in a review of 

nutrition activities in Tanzania reported that
 
the enrichment of sembe (60% extracted maize
 
flour) and fortification of other local staples 

with protein-rich sources such as dry meat 

powder, groundnut flour and soyflour was 

strongly advocated in the early sixties. Local 

research indicated that mixtures of maize or 

sorghum flour containing up to 25% soy flour 

were acceptable. Local bean flour was accepted
 
up to 15% (Mosha, 1976). Following this back-

ground, some proposals were made (Maletnlema, 

1975) to: 


a) 	Upgrade sembe through dual processing 

of sembe aid beans through hammer mills. 


1/ 	This paper was presented by Mr. Lukoo.
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Table I. Harvested Food Products (Tons) 76/77
 
. 

Maize 1,673,000 

Sorghum 519,000 

Paddy 314,000 

Millet 236,000 

Wheat 64,000 

Cassava 817,000 

Sweet Potatoes 821,000 

Irish Potato 78,000 

Bananas & Plantains 1,943,000 

Mixed Beans 255,000 

Peas and Pulses 82,000 

Groundnuts 34,000 

Sesame 16,200 

Sunflour 5,9.10 

Soybeans 900 

Source: TFNC Data Report on the Food and 
Nutrition Situation in Tanzania 1972/73 
1976/77. TFNC, March 1978. 

b) 	Manufacture high-protein baby foods
 
such as full-fat soy flour, fish
 
protein concentrate (FPC), beef
 
flour (especially game meat), dry
 
skim milk (DSM) and high-protoin
 
biscuits.
 

These proposals were rejected owing to
 
their excessive costs and lack of adequate
 
raw materials.
 

In other developments, the United
 
Nations Food and Agricultural Organization
 



carried out high-protein weaning foods proc.s-

sing feasibility studies (Her, 1975). Formu-

lations included a blend of maize flour, soya, 

local beans, milk powder and vitamin and 

mineral mixes processed into biscuits after 

pretreatment with alpha-amylase. Acceptability 

studies of the biscuits conducted on several 

schoolchildren and some selected adults showed 

that the product was not of good aesthetic 

quality (Kahurananga, 1976). Besides, the 

process employed was rather intricate to pro-

duce consistent products. 


Other efforts in the development of highly 

nutritious foods in Tanzania included the es-

tablishment of a village-level soy processing 

project where villagers used hand-operated 

equipment to process soybeans into full-fat 

soy flour, soy milk and curd. The products
 
were incorporated into local cereal staples.
 
The results were encouraging, but given the 

high labor input into the project, its
 
viability is in question (Mosha, 1976). 


LEC FOOD PRODUCT DEVELOPMENT 


Various blends of maize/soybeans were 

processed through a Brady crop cooker in 

Nairobi in 1976. Blends of 70/30 and 80/20 

maize/soybeans were shipped to Tanzania for 

acceptability studies and other development 

studies. Results of acceptability studies 

conducted on schoolchildren and some selected 

adults showed that the products were fairly 

acceptable (Lukoo, 1976). Given the low cost 

of the system (Stone, 1976), steps were taken 

to acquire the system in Tanzania to produce 

adequate quantities to replace PL 480 Title II 

donated foods and to conduct market promotion 

studies for future large-scale commercial 

production of the products. 


A Brady crop cooker production system was
 
installed at the National Milling Corporation 
in May 1978, and a steady production program 
has been going on since. The products have 
been distributed to MCH clinics for assessment 
of the impact of the products as suitable 
replacements for PL 480 Title II donated foods. 

MAJOR ACTIVITIES
 

The Tanzanian government realizes the 

importance of Maternal Child Health (MCH) 

services. These services are coordinated 

by the MCH section in the Division of Preven-

tive Medicine in the Ministry of Health. There
 
are 1236 MCH clinics (Kimati, 1977, Mzingi, 

1978) in the country covering an average 

radius of about ten kilometers. This coupled 

with the villagization program implies over 

50% coverage of the target population. 
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The clinics offer basic services daily
 
at hospitals and dispensaries all over the
 
country. These are prenatal and antenatal
 
treatment to mothers, inoculations to children,
 
family planning, anti-malaria tablets and dis
tribution of food aid items, especially a corn/
 
soy/milk blended food, powdered milk, cooking
 
oil, rolled oats and bulgur wheat. In 1975/
 
76, USAID s,pplied 5,540 tons of corn/soy/milk
 
blend, and it provided 3,180 tons in 1976/77
 
under Title II grants (Anen, 1977). Most of
 
this high-protein supplement was distributed
 
through the MCH system and Catholic Relief
 
Services, but it is doubtful whether it reached
 
the targeted groups intact. This background
 
necessitated the installation of the Brady at
 
National Milling to replace, at least in part,
 
some of the Title II corn/soy/milk blend.
 

THE PRODUCT
 

Details of the production of corn/soy/milk
 

blends are covered by Kepakepa (1976). Since
 
the Brady started production last May, to date
 
500 tons have-been produced. The 11inistry of
 
Health MCH Unit has been very actively invol
ved in distributing the product. Usually,
 
supplementary foods are given to malnourished
 
children attending the clinics. The amount
 
of product available was initially limited,
 
so it was decided to concentrate in the city
 
of Dar es Salaam in six clInics, five clinics
 
in the Coast Region and currently all dis
tricts in the Tanga region. The areas men
tioned are all within easy reach of Dar es
 
Salaam and have on average 20% malnutrition
 
among children under five years of age. It
 
is hoped to move on to the next adjacent
 
regions, namely Morogoro and Dodoma. Later,
 
if production is enough, all MCH centers will
 
be provided.
 

PACKAGING
 

The product has been brand-named "LISHA." 
It will continue being distributed through
 
institutional and--later--commercial channels.
 
It is currently packed in 2-kg. polythene bags,
 
and ten of these bags are contained in a
 
multi-walled paper carton.
 

Efforts are being made in conjunction
 
with packaging firms to develop a suitable
 
package for the commercial product with the
 
objective of competing effectively against
 
imported formulae.
 

The primary package (enclosing product
 
content) will be a polythene bag. The
 
secondary package, enclosing the primary
 
package, will be a rectangular cardboard box.
 
This package will offer additional protection
 



ad will carry all the necessary nformation 

as required by law. It will also facilitate
 
display of the product in retail shops. The 

possibility of protecting the labelling and 

artwork on the secondary package by putting 

over It a thin plastic film is also being

explored. The shipping package will be made 

up of thick-walled cardboard cartons and will 

enclose a number of secondary packages. 

During test marketing of the product,

1-kg. and 0.5-kg. packages will be used. 

These sizes are considered convenient to most
 
prospective buyers in terms of cost. 


CONSUMER RESPONSE 


While work on the development of the 

package is going on, consumer response towards 

the product is being compiled. Respondents 

are mothers attending MCH clinics who, in the 

course of doing so, have been issued LISHA. 

Response data are collected by MCH personnel

and rzturned to TFNC for analysis and compi-

ljtion. 

POTENTIAL IMPORT SUBSTITUTION 


Tanzania has been importing fairly large

quantities of cereal-based weaning foods mainly 

as food aid. Only 220 tons were imported for 

commercial purposes, although the amount to be 

distributed through normal retail outlets will
 
rise to 520 tons by 1980 (TISCO, 1978). CRS/
MCH projections for the same year show that 

they may require over 8,000 tons of donated 

foods for their clinics. With a low-priced

product, the demand for the marketed product

could be expected to be higher than that esti-

mated by TISCO. On the other hand, MCH/CRS

estimates are only indicative, in the sense 

that they are not based on the actual require-

ments of children suffering from malnutrition, 

since accurate estimates of malnourished re-

cipients have not been worked out. 


PRICING
 

Before production started it was esti
mated that the retail price of LISHA would 

be around T.Sh. 5/-. 1/However, NMC currently 

estimates production costs of T.Sh. 7/- V per 

kg. Market retail price will be worked out
 
soon based on detailed production costs, dis-

tributors' handling costs and consumer
 
purchasing power. 


1/ U.S. $0.675 
2/ U.S. $0.946 
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COMMERCIAL DISTRIBUTION
 

Commercialization of the product will
 
be in two phases. In the first phase efforts
 
will be made to promote the product through

sales promotion firms. The second phase will
 
involve limited distribution of the product
 
to coLnnercial centers, particularly regional
 
trading companies. 

FUTURE PROSPECTS 

INCREASED LISHA PRODUCTION
 

It is encouraging to note that despite

logistical problems--especially procurement

of vitamin/mineral mixes and essential spare

parts--the extrusion cooker has performed

fairly well. The per-kilogram retail price

of LISHA is much lower than the average

price of Shs. 30.00 N per kilo of imported

cereal-based weaning food products (Mlingi,
 
1978). In view of the above-mentioned, it
 
is indicative that the product has a chance
 
to compete with imported similar products on
 
a commercial basis, especially if it is offi
cially protected against unfair competition
 
by import restrictions. Even if the commer
cial approach falters, the MCH clinics, which 
are being, strengthened and increased in number 
to reach most of the population, will require 
over 5,500 tons annually if we are to replace
 
the Title II food alone.
 

FORMULATION OF RELATED PRODUCTS USING THE LEC
 
SYSTEM
 

The market in the country for such foods
 
as high-protein food supplements has not been
 
explored. There is room for the fabrication
 
of low-cost snacks using other local cereals,
 
such as sorghum and millet, root crops, such
 
as cassava, and high-protein sources, such as
 
cottonseed, simsim and other oil seeds, which
 
are easily available locally.
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The National Milina Corporation LEC Plant and the Production of LISHA 

Venant M.K. Kepakepa'i/
 
National Milling Corporation


Dar esSalaam, Tanzania
 

INTRODUCTION 


The inception ot the LEC system in Tanzania 

has been conceived as a result of a joint, tech-

nical program between USAID and the National

Milling Corporation, with assistance and coor-

dination from other related institutions like 

the Tanzania Food and Nutrition Center and 

Colorado State U-iversity. 


The objective of the project is geared

towards being able to utilize locally-produced

cereals and legumes for the processing of low-

cost high-protein foods which have hitherto been
imported. As such, it is 
a step 'inline with 

national objectives of directing efforts towards

self-sufficiency. 


The project was partly funded by AID, with
technical assistance from Colorado State Univer-

sity, and installation was carried out by NMC.
The installation phase was started in 1977. The

plant"installation was 
completed, test runs were

carried out, and the plant is 
now 	producing a 

finished product called LISHA. 2/. The overall 

costs of the equipment purchased for the plant

approximated T. Shs. 400,000.00. 3/ 
The 	floor 

area, including offices, is 36.5m-x llm. 


THE 	LEC PRODUCTION FACILITY
 

The National Milling Corporation LEC system

consists of the following equipment: 


Cracking mill - Davis Model 10 x 10 

'Gravity table with aspirating feeder
 ,
 -


Oliver Model 50 

Bucket elevator - Universal Model C2 

Bulk tanks- Read Model BF 10 & BS 18
Proportional mill 
- Modern Mill Model 400 

Extruder - Brady Model 2160
Water application system -
Fisher Porter/

Hoke Watts 

Belt conveyor - Versa Ferguson Model 600-R 

Cooler - Dorsey McComb Cooler 

Final grinder with Air Relief System -

Prater 6HGSI 


Paddle blender -Marion Model 2030 

Blender scale - Cardinal FS-2F Model 34173Electrical distribution control equipment 
square D Miscellaneous 


_T-Mr. Kepakepa is employed by the Tanzania Food 

and Nutrition Center and is 
on assignment to the
 
National Milling Corporation.

2/ LISHA: Swahili word meaning "to feed."
 
3/ T. Shs. 7.40 - U. S. $1.00 (January 1979).
 

Packaging scales (2)-Accu -!Weight 
Model
 
M-410


Heat sealers (2) - AlliedAutomation -
Sergeant 312
 

Surge tank
 
Volumetric Packager
 
Screw Conveyors (6)
 
Exhaust fans (2)
 
Laboratory equipment
 

Figure 1 gives the flow diagram of the

plant at NMC. The arrangement of the equip
ment falls under three sections, which are:
 

1. 	Pre-processing section, where soyabeans
 
are dehulled and then with dehulled,

degermed maize grits are filled in bulk
 
tanks using the bucket elevator.
 

2. Processing section, where initial mixing

of corn and soyabeans is done using a

proportional mill and then extruded. 
 The
 
extruded product is cooled down through

the open belt conveyor and cooler drum and
 
finally ground, using the Prater Mill.
 
The last part of processing section is
 
comprised of the paddle blender, where
 
vitamin and mineral premixes and NFDM are
 
added.
 

3. 	Packaging line section, where the final
product is weighed and sealed in polybags

and then packed in paper bags, each con
taining 20 kgs of product. The overall

operation of the essential equipment has
 
been briefly outlined in the first LEC
 
International Workshop Proceedings
 
(Tribelhorn, 1976).
 

PRODUCTION OF LISHA
 

LISHA (corn-soy-milk) is produced by

using corn, soyabeans and milk fortified with

vitamins and minerals. Major ingredients-
corn, soyabeans and milk (NFDM)--are mixed at
approximately 70%, 25% and 5%, respectively.

Minerals and vitamins are then added at 2.7%
 
and 0.1% rates, respectively.
 

The production process starts with whole
 
soyabeans which are filled into a cracking

mill (roller-type) in which the hulls are
loosened. 
Beans with loosened hulls are
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Figure 1. 	Flow diagram of weaning food plant, 

Dar es Salaam. 


conveyed through an inclined screw conveyor to 

the aspirator and gravity table for separating

the hulls. Dehulled soyabeans enter the Input

hopper of the bucket elevator, which lifts the
 
beans and pours them into a bulk storage tank.
 
The system 	of filling the other bulk storage

tank with maize is essentially the same, except
 
that maize 	is brought to the plant already

dehulled and degermed, and thus it is poured
 
directly into the input hopper of the bucket
 
elevator.
 

Dehulled, degermed maize grits and dehullec
 
soyabeans are conveyed by inclined screw con
veyors 
 from the bulk tanks to the proportioner
 
mill where they are ground and mixed appropri-

ately. The coarsely-ground maize/soyabean mix
ture is fed to the extruder hopper by a horizon
tal conveyor. While dropping to the extruder
 
hopper, the mixture is mixed with water, which
flows continuously at about 25 liters per hour.
The mixture is fed into the extrusion chamber
 
by the use 	of an injector auger, a device which,
 
apart from the proportional mill,can also be 

used to control the feed rates of the extruder. 

Extrusion is usually done at 160-1650C. 
The
 
extruded product is brought up to the cooler
 

through an open belt conveyor. The cooler
 
drum is inclined and is kept rotating towards
 
the finer grinding mill (Prater Mill) to which
the product drops by gravity. Cooling of the
 
product in the cooler drum is facilitated with
 
forced air flowing in the same direction with
the chips. 
 Ground product from the fine grinding
 
mill is moved by a horizontally-installed screw
 
conveyor. Essentially, the air relief system
 
helps to cool further and remove the product

from the grinding mill.
 

An inclined screw conveyor conveys the
 
ground product to the surge tank which has been
installed just above the blender. 
The import
ant aspect of the surge tank is that it permits
periodic batch blending. Material from the
 
surge tank is periodically dropped into the
 
blender by gravity through a controlled opening.

It is at this point that the NFDM, minerals and
 
vitamins are added to ground, 	 extruded mixture 
of maize and soyabeans. A single batch blending

period is about 5 minutes. Along with the
 

blender, there is a scale provided for
 
checking the approximate weights of materials
 
which are mixed per batch run.
 

The final blended product is conveyed by

another inclined screw conveyor to a surge tank

which is intact with a volumetric packager. The
 
product is packed by filling it in polybags

using the volumetric packager, after which the
 
weight is checked (net weight is 2 kilograms) 4/

and the bags are sealed. Then the 2-kg sealed
 
polybags are packed in paper bags (2 kg x 10"
 
each) and stored temporarily in a nearby area.
 
The overall packaging process is done manually.
 

4/ The 2-kg. bag is only provisional.
 

_
 

I 
Workshop participants toured the three main pro
cessing areas of the LISHA plant.
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Table 1. Approximate Requirements of Raw 

Materials 

TONS 

Maize (Maize grits) 800 
Soyabeans 
Milk (NFDM) 

360 
50 

Mineral Premix 23 
Vitamiu Premix 0.85 

With the outlined production conditions, 
Table I indicates the annual requirement of 

materials, which total approximately 1200 tn'j. 

Up to the end of December 1978, approxi
mately 730 tons of raw materials were used,
 
out of which 572 tons of LISHA were produced.
 
Table II briefly indicates monthly amount'of
 
raw materials used, as well as production.
 

Table II. Raw materials used 1/ and production from May 15th - December 31st
 

Mineral Vitamin : D : Finished 

Month Maize, 
:Maize grits: 

Soyabeans : premix premix NFDM product 
: (LISHA) 

May 52,240 26,880 .180 0.061 -- 42.1 

June 60,560 23,760 1.275 0.042 3.050 67.4 

July : 64,310 20,640 1.275 0.035 3.413 71.4 

August 
September 

67,840 
57,360 

29,420 
27,160 

.... 
.781 0.027 

3.653 
3.408 

76.3 
75.1 

October 66,720 21,760 1.738 0.032 3.956 81.8 

November : 69,840 26,480 1.841 0.047 4.012 84.1 

December : 63,600 21,040 1.573 0.032 3.473 74.0 

TOTAL : 502,470 _197,140 8.663 .276 24.965 572.2 

1/ All figures recorded only for the materialswhich arefilled in bulk tanks.
 

Table III. Average Physical Analysis -'As 

Part of Quality Control 


Raw 	material moisture (mixture) 

Final product moisture 

Sieve analysis (100 g)
 

Wt. retained in #6 

Wt. retained ip #30 

Wt. retained in #60 

Wt. retained in pan 


Flavor of product mild corn 
Odor of chips mild 
Consistometer 1 25 cm 
Bulk density 0.54g/cc 

Production conditions of LISHA for the 

first year have been designed as follows: 


(1) 8-hour production day

(2) 8-hour production dak 

(2) 5-day production week 

(3) Approximately 38-week production ear 

(4) Approximately 480-500 kg/hr production 


rate 

(5) 3.8-4.0 tons production daily
 
(6) 75% production efficiency 


Average physical analysis results as
 
part of 'quality control for the product appear
 

11% in Table III. So far, results of nutrient
 
5.5% analysis have not been obtained.
 

Og 

35g 

56g 

9g 


Recent costings as outlined in Table IV
 
indicate that it costs National Milling Corp
oration about T.Shs. 2,350.00 5/ per hour to
 
produce 500 kg. of LISHA, i. e., approximately
 
4.70 Shs. 6/ per kilogram of LISHA.
 

Apart from the 8-hour 5-day week produc
tion, there are some more hours for working
 
around the plant. Approximately 1 hours
 
5 days per week are spent on daily mainteaance
 
of the machinery as well as cleaning. About
 
8 hours I day per week are used for weekly
 
and monthly maintenance and repairs wherever
 
necessary. Extra hours are also spent on
 
moving and sorting out materials, especially
 

soyabeans and finished product, so that there
 
are always minimum problems when production
 
starts in the following fresh production week
 
as regards the arrangement of materials within
 
the 	plnt g
 

plant.
 

6/ U.S. $ 0.635.
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http:2,350.00


Table IV. Production Costs
 

Item 	 Total quantity Unit nrice Total price
 

: obtained or T.Shs. 1/ T.Shs/hr.
 
: produged/hour
 

1. Raw materials
 
A. Maize grits 
 350 kg l.RO 630.00
 
B. Soyabeans 	 125 kg 4.70 
 587.50
 
C. Vitamins 
 0.4 kg 135.00 	 54.00
 
D. Minerals 
 10.3 	kg 17.20 177.00
 
E. Non-fat dry milk 
 25 kg 15.00 375.00
 

2. Packaging materials
 
A. Polybags 
 250 	 .35 87.00
 
B. Paper bags 
 25 	 4.00 100.00
 

3. Production
 
A. Salaries and wages 
 84.00
 
B. Transport : 720 kg 
 0.02 	 14.40
 
C, 	Maintenance and spare
 

parts , 
 6.38
 

4. Direct costs
 
A. Fuel and 
 8'0- :4.85
 

lubricants :. V2.58 
 0.89
 
'
 B. Electricity and :0 851kW'
 

water : 471 	 .002., 42.60
 

C. Depreciation 
 -10.95
 
D. Interest 
 30.00
 

5. Others
 
A. 	Shrinkage and waste
 

(2%) 
 43.99
 
B. Overheads (5%) 	 :
109.98


6. Total cost of production: 
 2353.69
 

1/ T.Shs. 7.40 U.S. $1.00 (January 1979).
 

The production cost of 1 kgis approximately T.Shs. 4.71.
 

Cracking Mill and Screw Conveyor Dehulling Room in LISHA Plant
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Most of the activities and other obser-

vations are recorded. During production 

there is an hourly log sheet filled out by 

the operators on 
several important operatiomal
 
parameters and other observations. At the
 same time, product quality contol is done and 

recorded by the quality control personnel.

Weights of different materials added during 

batch blending are also recorded. Once in 

every production week, the type of maintenance
 
and repairs done are also recorded. Replacement

records are always compared against spare parts

cards, which indicate the type and serial number 

of the spare parts as well as the amount of 

remaining stock. 


In the case of stores section, there are
records based on daily ana monthly raw materials 

and finished product stock returns. In these 

records the amounts of materials received, used,

transferred,produced, rejected and overall 

opening and closing stocks are indicated. 

Finally, there is 
a monthly summarized production
record 
(report) presented by the production

supervisor in which the amounts of 
raw materials 

used, product produced, total hours spent, hours 

lost and mechanical and electrical problems are 

indicated. 


The formats and/or systems of keeping

records are presented in,Figures 2-10. 


PROFL ZJ ENCOUNTERED 


It is eight months since the LEC system at
 
NMC started operating, and we now have some good
experience. Several problems, ranging from 

getting materials for the plant to technical 

difficulties, have been realized, 


1. 	Getting vitamin and mineral supplies in'tlme
 
before or just when the initial stock is 

about to end seems to be predominant.
 

2. 	Although the plant has been operating, 

actually there isn't enough stock of spare 

parts. 


3. 	Dehulling soyabeans by using the cracking 

mill is not done properly, 


4. 	The injector auger which conveysthe maize/
soyabeans mixture occasionally clogs.
 

5. 	 Rate of wear of the rotors and cones'ii'very 
high. 

6. 	Power losses have been a special roblem not
 
only for the LEG plant but also for other
 
plants around. 


FUTURE PLANS 


1. 	In the near future the present 2-kg polybag

pack will be abandoned, and appropriate 


65
 

packages of 1-kg 
and less will be used to
 
suit both feeding programrs and various
 
commercial market demands.
 

2. 	To produce almost twice 
 the present pro
jected annual production by changing from
 
an 8-hour production to a 16-hour produc
tion day.
 

3. To conduct different tests on different
 
formulations based on other locally-avail
able cereals and legumes in an effort to
 
identify other suitable mixtures for
 
weaning food production using the LEC
 
facility.
 

4. 	A fully-established quality control analy
tical laboratory is also planned. This
 
laboratory will not only cater to the LEC
 
plant, but also to other NMC food produc
tion plants.
 

5. 	To consult with some of the local engi
neering firms in an effort to modify and
 
design some of the equipment parts, so 
as
 
to cut down some of the costs of importing
 
these parts.
 

6. 	A diesel-powered electric generator is
 
planned for, to be used as 
an emergency
 
source of power during.electric power

supply cuts. The emergency generator also
 
will cater to other plants around.
 

7. 	As far as LEC plant personnel are con
cerned, it is planned that as many as
 
possible will be trained, hopefully with
 
assistance from the U.S.
 

CONCLUSION
 

Based on the past eight months' experience

and 	achievements with the LEC plant, we in
 
Tanzania feel that in the near future we can
 
manage the plant with little or no technical
 
assistance from outside, and that the future
 
of producing local high-protein weaning foods
 
lies on the success of this program.
 

REFERENCE
 

Tribelhorn, Ronald E. 1976. 
Colorado State
 
University. 
Extrusion Facilities and
 
Systems. LEC International Workshop
 
Proceedings, June 2-5.
 



Date Point : . 

Tim. Taken : : 

1. BRADY EXTRUDER 
A. Brady Ammeter (amps) 
B. Bradytemperature (°F) 
C. Feed auger sectting 
D. Water addition (kg.hin) 

: 

: 

: 
. 

2. MODERN MILL 
A. Proportioner setting 
B. Vari-speed setting 
C. Ammeter (amps) 

: 
2 

: 

: 

3. COOLER 
A. Input product temp. (oC) 
B. Speed of.Irum 
C. Outlet product temp. (oC) 

: 
: 
: 

: 

: 
: 
: : 

4. PRATER GRINDER MILL 
A. Ammeter (amps) 
B. Output product temp. (0C) 

: 
: 

: 
: 

5. PACKING-BAG SIZE 
A. Bags produced for the day (cumulative) 
B. Broken bags per day 2 2 : 2: : 

6. Total Daily Electrical Consumnption 
(Kwatt hrs.) 

: : 
: 

2: : 

MODERN MILL CALIBRATION 

INGREDIEWT -VARIABLE DIAL 2 WEIGHT/MIN. 

CornSoyabeans ::: 

Figure 2. Hourly Log Sheet.
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Date
 

....IF: 

: 

Tim taken 

Rawmaterialmoisture (2/day) 

Final product moisture (2/day)
 

Sievc anal sis 
 1/day)
 

Weight retained in #6
 

Weight retained in #30
 

Weight retained in #60

Weig'ht retained in Dan 

: 
 : 
 : 
 :
 
Flavor of product (hourly). 

Odor of chips (hourly)
 

Taste of rue ourl',) 

Consistometer (hourl)
 

Bulkdenity1/ay 

2. 
 . .. 

* SIGNATURE__ _ _ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
Figure 3. Daifly Quaity Contirol Report: _ _ _ _ _ _
 

3. M 

2 lns 
 : 
 ma 
 Kn)(ls)(b.
 

2..... ....... 
 ..............
 

• ,.
. . .. . .... . . . . . . . .•. . . . 

Figure 4. Addition of Milk Powder, Vitamin and Mineral Premixes to CSB.
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EQUIPMENT DAILY WEEKLY : MONTHLY yIUALY 

Cracking Mill ; Grease 4 roller 
 : Repeat daily schedule : Grease motor
 
: bearings 
 t Gauge belt tension : bearings
 
: Check belt 
 : Check wear of
 
: tension 
 : rollers
 

Screw 
 Repeat daily schedule
 
conveyor : Check bearing wear: Gauge belt tension
 

: Check belt tension: Check belt wear
 

Gravity table Clean lower air 
 : Repeat daily schedule : : Grease blower
 
: screens : Check bearing wear : : bearing 2
 
Check deck screw : Grease essential drive bearings: 
 : times/year


: for holes : Gauge belt tension : : Remove deck
 
Grease 2 drive : 
 : and clean
 

: bearings : 
 : 	 : machine 2
 
Check belt tension: 
 : 	 : times/year
 

Aspirator : 	 Grease bearings
: 
 : Clean out
 
: Check bearing wear : aspirator
 
: Check belt tension : unit
 

Elevator 	 : Grease bearings
 
: Check bearing wear
 
: Gauge tension of drive belts
 

Signature
 
Date
 
Type of Maintenance
 

Figure 5. DehUllifgSection Maintenance Schedule Check Sheet
 

Section Name: 
 BABY FOOD PLANT 
 Batch No.
 

DATE DETAILS ORDER NO TITY 	 BALANCEQ T :UNIT VALUE 	 REMARKS 

4 - ., • -..... .. 


Figure 6. Spare Parts Card.
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WIFPMET DAILY 	 WEEKLY " MNTHLY YEARLY 

Incouing screw: Check belt tension: Check bearing wear
 
conveyors Check belt wear
 

: Gauge belt tension :
 

Modern Mill 	 : Grease variable : Check variable speed belt wear:
 
: speed pulley : Check all belt tension
 
: Clean magnets 	 : Gauge belt tension
 

: Check drive belt wear and
 
: tension
 
: Check bearing wear on computer:
 

drive
 
: Check oil level of computer
 

drive
 
: Check hammer wear
 
: Check screen wear
 

Brady 	 : Check hydraulic : Grease threads : Change oil : Change hydrau
: oil level : Grease bearings on cone : filter : lic oil 2
 
: Grease rotor : adjustment handle : times per
 
: bearing weldment Gauge belt tension : year
 
: (15 pumps) Check universal joint bearing : Grease motor
 

: Check belt tension: wear : 2 times per
 
: Check cone bolt : Check main bearing wear : : year
 
: tightness : Check cup retainer bolts : Check brush
 
: Grease universal : Check cylinder rib bolts : : wear 2 times
 

: joints : Check cone wear : per year
 
S:Check rotor wear
 
: : Change rotor, cup and cone
 

Belt Conveyor : Check bearing wear: Gauge belt tension A
 
: Grease bearings : Check bearing wear
 

: Check belt wear
 

Cooler : Check oil level gear box-SAE : * Grease bear
2 90 : ing one time 

Check bearing wear , * per year 

Prater Mill 2 Clean magnet : Check hammers t: Grease motor 
: : Check screen wear : bearings one 

A Check bearing wear : : time/year 
.= 2 :Grease 

*' 2 : bearing on 

2 2 :mill twice 
* 2• : per year 

Blower A 	 2 Check bearing wear 
I Check and gauge belt tension 

Screw Conveyor: I Check bearing wear : Grease bearing: 
(Final product: 2 Gauge belt tension 
conveyor) 

Marion Mixer 	: Check belt tension: Check bearing wear : Grease bearing:
 

(blender) 	 : Lubricate chain : Check and gauge belt tension
 
: Clean out the : Clean and lubricate chain
 
: blending chamber : Wash (clean) blending chamber
 
*: Adjust clearances of blades :
 

Screw conveyor: Check bearing wear: Gauge belt tenvion
 
(Final product: : Check bearing wear :
 

conveyor) : Check belt wear
 

Figure 7. Processing Section Maintenance Schedule Check Sheet
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Daily and Monthly_ 
NO:.
 

Raw Materials Opening Stock : Receipts : Sales Transfers Used Balance 

Minerals 

Vitamins 

Soyabeans 

Maize Grits 

Milk Powder 

Drums 

: Drums: 

: Bags: 

: Bags : 

: P. bags: 

Kgs 

Kgs 

Kgs 

Kgs 

Kgs 

Drums: s 

: Drums: Kgs 

: Bags: Kgs 

: Bags : Kgs 

: P.bags : Kgs 

: Drums: 

: Drums: 

: Bags: 

: Bags : 

: P. bags: 

Kgs 

Kgs 

Kgs 

Kgs 

Kgs 

Drums: 

: Drums: 

: Bags : 

: Bags : 

: P.bags : 

Kgs 

Kgs 

Kgs 

Kgs 

Kgs 

: 

: 

: 

: 

Drums 

Drums: 

Bags : 

Bags : 

P.bags: 

Kgs 

Kgs 

Kgs 

Kgs 

Kgs 

Drums: 

: Drums: 

: Bags: 

: Bags : 

: P. bags: 

Kg 

Kgs 

Kgs 

Kgs 

Kgs 

Signature 

Date 

Figure 8. Baby. Food Plantf Raw Materials Stocks, Return. 

0 

Monthly Report 

Raw Material Stock, 

Opening stock 
Add receipts 
Less sales 
Less transfers 
Less used 
Closing stock theory 
Physical stock 

Production Verified by: 
Signature 
DATE 

Minerals": 

* Ks- : 

" 
: 
: : 
: : 
: : 
:Hours 

: 

Vitaiins; 

Kgs -

- -:-

. 

Soyabeans : Maize 

Kgs : Kgs 

: 

- : 
: 

-

: 

: 
: 
: 
: 
: 

Milk 

Kgs 

: 

: 

: 
: 
: 
: 
: 

Kgs 

: 

: 

: 
: 
: 
: 
: 

Kgs 

Production 

: Lisha :Carton: 

1: 0x2 kgs 
0::i0x:1" 

: Total : 
worked 

: Budget : 

: Actual 
: Lost 

Kgs 

Figure 9. Raw Material Stock and Production Return. 



- =s 

ock 

stock 

l Receipts 

smalls 

Sales 

.transfers 

Issued Closing 

theory 

Stock 

actual 

Diffeace 

Lisha : . .:: 

Lisha rejected 
and sweepings 

. 

: -

: 
:_ : 

Corn Bran 

Soya Bran --

Date 
Signature 

Figure 10. Baby Food Plant Finished Products Control Return. 



Moderator:
 

Dr. Alvin Siegel
 
INTSOY
University of Illinois at Urbana-Champaign
 

Dr. Harper: 


Have you done a cost analysis,
Mr. Kepakepa, to determine what your produc-

tion costs per kilogram have been? 
 You stated 

some numbers, but 
I didn't get them clearly
when you were giving your paper. 


Mr. Kepakepa: 


We have done several cost analyses, but
we haven't come up with a final one. 
The
cost right now is approximately 60 cents (U. S.) 

per kilogram. 
It is more than $300 per hour 

for production costs.
 

Dr. Harper: 


When you say 60¢ (US) per kilogram, can
you give an approximate breakdown on how much
of that is ingredient costs, how much is
labor costs, packaging costs, repairs, etc? 


Mr. Kepakepa: 


Production costs are based on production
per hour. 
Staring with raw materials, a kilo 

of maize grits (350 kilos) costs about Ishilling and 80 cents (Tanzanian) or a total
of 630 shillings. 1/ 
Soybeans (125 kilos)

cost about 4 shillings and 70 cents, or a
total of 587 shillings and 50 cents. 
 We used
about 0.4 kilos per hour of vitamin premix 

and it cost about 15.5 shillings per kilo, or
a total of 54 shillings. 
We used about 10.3 

kilograms per hour of minerals and they cost 

17 shillings. Nonfat dry milk used was 25
kilograms per hour, costing 15 shillings, or 

a total of 375 shillings.
 

Packaging materials: ploybags, which we
use at 
the rati of about 250 bags per hour,

cost 55 cents per 40 bags, or a total of 87
shillings. 
Then the paper bags cost 4 shil-

lings each, and we use about 25 per hour, for
a total of 100 shillings. 


Salaries and wages: 
 84 shillings per
hour. 


Transport: approximately 720 kilograms

per hour, and it costs about 0.2 cents per 


1/ 1 Tanzania Shilling 
- U.S. _$.135.
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kilogram, or a total of 14 shillings and 40
 

cents per hour.
 
Maintenance and spare parts: 
 42 shillings


and 55 cents per hour.
 

Fuel and lubricants: 
 fuel use is 0.18
 
liters per hour (transmission oil for the
Brady, Modern mill and drum cooler) and lubri
cant use is 0.01 liters. 
 The fuel costs us
about 4 shillings and 85 cents per liter, and
the lubricants cost 
us about 2 shillings and
58 cents per liter, or a total 
for both costs
 
of 0.89 cents per hour.
 

Electricity and water: 
 we use about 85
kilowatt hours per hour, and 1 kilowatt hour
 
of electricity costs approximately 50 cents.
The water use is 47 liters per hour, and it
costs 0.002 cents per liter of water--it is
pretty cheap. 
The total cost of electricity

is 42 shillings and 60 cents per hour.
 

Depreciation: 
 machinery depraciation is
 
10 shillings and 95 
cents per hour.
 

Interest: 
 30 shillings.
 

All figures are 
in Tanzanian shillings.

We found that shrinkage and waste was about

2 percent, or 44 shillings and 71 cents. 
 The
overhead costs--they are high here--are
about 5 percent, or 11 7
shillings and 
 8 cents.
 

-Total: 
 2,392 shillings and 18 cents per

hour for 500 kilos.
 

Dr. Siegel:
 

With regard to Mr. Mosha's point on
dehulling efficiency, I think we have to look
at the condition of the soybeans and their

moisture content. 
Also, I think this can be
improved from an equipment standpoint.
 

Mr. Nave:
 

Everybody seems to be so concerned with
dehulling, and I--in eighteen years of asso
ciation with this--have yet 
to see any reason
for dehulling from a nutritional point of
view. 
I can see 
it from a mechanical point
 



of view and I can see it from a suspension 

point of view, but for any baby two days old
 
or more, I see no reason for dehulling soy-

beans. We have fed them to lots of babies--

some of them as young as two days old--without 

dehulling and with no ill effects. And I.
 
have seen no literature or anything that says 

that a little bit of hull in there, finely
 
ground, makes one speck of-difference to a 

baby and its digestive system. 


Dr. Siegel: 


I am wondering if the dehulling point 

relates to the wear of the machinery. 


Mr. Nave: 


I think that is a justifiable thought to 

consider, but nutritionally I haven't seen 

any evidence for it--maybe somebody else has. 


Dr. Jansen:
 

I am going to talk on nutritional issues
 
a little later, and there will be some time 

to discuss this fiber issue. I think you have 

to realize that the normal diet of a very
 
young infant is fiber-free--it is high fat and 

very digestible--and I think there are some
 
significant reasons to be concerned with fiber. 

It is a matter of degree, and I believe it is 

premature to say that one should go right into 

completely hulled products and feed them to a 

very young child. I would be very reluctant 

to recommend that. 


Dr. Siegel: 


I would just like to ask the National 

Milling Corporation to enlarge on your main-

tenance program. Is there a fixed sanitation 

program as a control for this type of thing? 


Mr. Kepakepa: 


He is asking about the sanitation and 

pest control program. National Milling as 

such has an overall program for sanitation 

control. But it is not working effectively, 

and we are considering reorganizing it. 


His. Gobezie:
 

I would like to know the relationship
 
between the Tanzania Food and Nutrition Center
 
and the National Hilling Corpotation?
 

Mr. Kepakepa:
 

In this country most of the institutions
 
and corporations are government-owned, and in
 
most cases the type of product you are making
 
is recommended for use by another corporation.
 
In this case, Tanzania Food and Nutrition
 
Center is an institution dealing mainly with
 
food development and so forth, whereas National
 
Milling Corporation is the main grain

handling institution. Tanzania Food and Nutri
tion Center--they do not produce, as does
 
National Milling Corporation--determines that
 
the product is a useful thing and is for the
 
benefit of this country. Soboth institutions
 
are cooperating in this program.
 

Mr. Bleyer:
 

How many times have the screw augers been
 
opened for cleaning?
 

Mr. Kenakepa:
 

We have opened them due to mechanical
 
problems and we then clean them, as well. I
 
can't tell you exactly, but I know we have
 
done this several times. The screw conveyor
 
within the.U-trough is opened once every week
 
and cleaned.
 

Hr. Tribelhorn:
 

I just wanted to say something about the
 
wear of the extruder components and what CSU
 
has been doing. We have been instituting
 
procedures in the existing plants to reduce
 
some of the wear problems, including rebuild
ing wearable components by hard surfacing.
 
The problem of wear has been a continual
 
problem since the project began, and I think
 
we have made some progress on it. This
 
would seem to be an appropriate topic to
 
discuss during the work group sessions later
 
this week.
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rhe Food for Peace Program 1/ 

H. Peters Strong
 
Regional Food for Peace Office
 
U.S. Agency for International Development
 

Nairobi, Kenya
 

I. LEGISLATION 


The Food for Peace Program was first authorized 

by the Congress under the Agricultural Trade 

Development and Assistance Act of 1954, known as 

Public Law 480. The original program was 

primarily a vehicle to dispose of domestic com-

modity surplus. This emphasis changed in 1966 

when the Congress declared it to be U.S. policy
 
to use its abundant agricultural productivity 

to carry out the multiple purposes of the Act. 

These include combatting hunger and malnutrition, 

encouraging economic development, expansion of 

export markets and to promote in other ways the 

foreign policy of the United States. 


The International Development and Food Assistance 

Act of 1977 and the Omnibus Farm Bill of 1977 

(which extended the program for four years--

through December 31, 1981) further emphasized 

that P.L. 480 resources should be used to help 

poor countries in their development efforts. In 

all cases, it must be determined that food on 

concessional terms is needed, that adequate 

local storage facilities are available and that 

food aid will not result in a substantial dis-

incentive to the recipient country's food pro- 

duction. P.L. 480 programs are integrated as 

closely as possible with activities supported 

by A.I.D. and other aid donors, including 

multilateral lending institutions, 


II. PROGRAM COMPONENTS 


P.L. 480 consists of two parts--concessional 

sales of agricultural commodities to friendly 

countries under Titles I and III and donation 

of food under Title II. 


A. Title I. 


Title I authorizes sales of U.S. agricultural 

commodities to friendly countries on a long-

term dollar-repayable basis. The maximum 

repayment terms are 40 years maturity, with 

a 10-year grace period at 2 percent interest 

and 3 percent interest thereafter. In prac-

tice, an initial payment of at least 5 per
cent in dollars is usually required--i.e., 

if an initial payment of 5 percent is 

required, USDA finances only 95 percent of 

the cost of the commodities purchased under 


1/ Paper received subsequent to workshop for 

inclusion in Proceedings in lieu of Mr. Strong's
 
informal remarks.
 

the agreement. If the U.S. needs local cur
rency for its official expenses, an early
 
payment (5-20 percent) in local currency may
 
also be required. These "currency use pay
ments" are credited as advance payments of
 
the earliest installments due under the loan.
 
Loan repayments and dollar proceeds from sales
 
of local currency are returned to CCC.
 

Commodities are sold by U.S. private exporters
 
at commercial market prices to the recipient
 
countries. USDA finances these sales and
 
absorbs the cost of the ocean freight differ
ential, if any, for the 50 percent of cargo
 
which is required to be carried in U.S. flag
 
vessels. Reasonable precautions must be taken
 
to safeguard usual marketing of the U.S. and
 
avoid disrupting normal patterns of commercial
 
trade with friendly countries. Consequently,
 
most Title I agreements require the recipient
 
country to maintain specific levels of com
mercial purchases of the commodities included
 
in the agreement. This provision is known as
 
"Usual Marketing Requirements" (UMR). The
 
local currency proceeds from the sale of Lhe
 
Title I commodities in the recipient country
 
are used to support economic development
 
activities in the country. Particular empha
sis is placed on agricultural and rural
 
development, nutrition and population planning
 
projects in poor rural areas.
 

The legislation requires that at least 75 per
cent of the volume of Title I food aid
 
initially be allocated to countries whose per
 
capita income is at or below the poverty
 
criterion of the International Development
 
Association (IDA). After the initial alloca
tion, food aid may be reallocated, but (so
 
far as practicable) in accordance with the
 
75/25 requirement if it is found that certi
fication to food assistance is required for
 
humanitarian purposes by "richer" countries;
 
or if circumstances change significantly so
 
that "poorer" countries cannot use the food
 
effectively. Title I allocations must be
 
reported to the Congress eaih quarter.
 

No Title I agreement may be entered into with
 
any country which engages iv.a consistent
 
pattern of gross violationa of internation
ally recognized human rights unless the
 
commodities themselves or the sale proceeds
 
will be used to directly benefit the needy.
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now blended and fortified with nutrients.
 
Staples are combined with protein-rich food to
 

Food for Development programs authorized make such products as soy-fortified grits and
 

under Title III (but funded under Title I) corn-soy milk. New commodities are first
 

offer a substantial incentive for countries screened by the USDA Committee on Processed
 

to undertake additional development programs Foods. This committee determines whether the
 

to improve the quality of life for poor proposed commodity meets U.S. standards
 
people, particularly in rural areas. Coun- regarding nutritional value, composition, cost
 

tries wishing to participate must formulate effectiveness and cultural acceptability. The
 
a multi-year development plan for the stability of the product for long-distance
 

intended use of the commodities or the pro- transport, storage and distribution is also
 
ceeds to implement new policies where appro- evaluated. Final approval is given by the
 

priate and to help identify and remove the Commodity Credit Corporation. Since the late
 

constraints to equitable expansion of food sixties, there has been much research devoted
 

production and consumption and equitable to the development of low-cost highly nutri

growth. tious foods. As a result of these studies and
 
field tests, there are currently four blended
 

The U.S. may enter into multi-year supply foods and six fortified foods available under
 
commitments of up to five years which P.L. 480 Title II Programs.
 
assure countries that they have priority
 
access to P.L. 480 food subject to an annual The Congress has established an annual minimum
 

review of progress achieved under the pro- tonnage, 1.6 million metric tons of agricul
gram. Local currencies generated through tural commodities for Title II, provided that
 
sales of Food for Peace commodities which this amount does not exceed the total availa
are used to support agreed-upon development bility for P.L. 480.
 
efforts may be credited against dollars
 
which would otherwise have to be repaid to One of the best opportunities to combine
 

the United States. Title II food distribution with other develop

mental programs is through the activities of
 
The legislation provides that for FY 1979 U.S. voluntary agencies such as the Coopera-

STitle III shall comprise not less than tive for American Relief Everywhere (CARE),
 

10 percent of the aggregate value of Catholic Relief Services (CRS), and other
 
Title I agreements. This will rise to church-related agencies. To the extent prac

15 percent in FY 1980 and thereafter; how- ticable non-profit voluntary agencies regis
ever, under certain circumstances the equiv- tered with and approved by the Advisory Com
alent may be waived. mittee on Voluntary Foreign Aid must be
 

Title II utilized. Currently, these agencies receive
 

over half of the Title II donations.
 
Title II authorized donations of food to
 

B. Title III 


mete fIamineorioter urnto o fxodi- Other Title II donations are made through the
 
meeefamner oherurget o exraodi- World Food Program and through recipient
 

nary relief requirements to combat malndtri- WorldnFood.Programrandothrougharecip
tion(esecillyinhilren an toprootegovernments. The World Food Program (WFP),
tion (especially in children) and to promote sponsored by the United Nations and the FAO.,
 

b te UnitedNati tn thFh
 

programs are designed to supplement and the U.S. and other donors contribute. The
 

reinforce other developmental and nutri- administration of the program is the respon

tional activities. These programs are con- sibility of the WFP, under the guidance of
 
ducted within a framework of increasing the Committee on Food Aid Policies and Programs
 
local management and funding. As Title II (CFA), of which the U.S. is a member.
 
food is distributed to meet the basic needs
 

of the poor, it is intended to be suppor- Government-to-government programs consist of
 

tive of human rights. USDA finances the donations made directly to another government
 

cost of processing, fortifying, packaging, under the terms of bilateral agreements. Such
 

and shipping of the commodities, including programs are the product of U.S.A.I.D.
 

delivery to points of land-locked countries. Mission and host government planning, and
 
The recipient government usually finances follow the same approval process required of
 

the internal costs of the food distribution the voluntary agency programs. Once approved,
 

program, e.g.,warehousing, internal trans- the programs are administered by an entity of
 
portation and administration, the host government, usually one of the
 

ministries which is responsible for ware-

A major priority of Title II is helping to housing, inland transportation, and other.
 
geet the nutritional needs of vulnerable administrative activities. Originally one of
 

groups. Aside from disaster reliel prio- the principal methods of donation transfer,
 

economic and community development. Title II ispsa multilateral food aid activity to which
 

rity is given to Maternal/Child Health pro- government-to-government 	programs are now
 
pgasaenw
oennto-vrmn 


gorkamsincdpreschool feeding; foo r mainly used in emergency feeding and disaster
grams including pre-school feeding; food-for-


work; and primary school feeding. Most relief.
 

commodities used in nutrition 
programs are
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Executive Order 10900, issued in January
 
1961, delegates major administrative respon-

sibilities for P.L. 480 to the Departnents 

of Agriculture, State, Treasury, and the 

Office of Management and Budget. All func-

tions not specifically delegated remain with 

USDA. All iunctions under the Act are sub-

ject to the responsibilities of the Secretary 

of State with respect to foreign policy. The 

Department of State redelegated most of its 

P.L. 480 responsibilites to A.I.D., including 

the function of authorizing negotiations of 

Title I agreements, subject to certain con-

currencies by State. The function of 

administering the Title II donation program 

was also delegated to the A.I.D. Administra-

tor.
 

The administration of P.L. 480 is an inter- 

agency responsibility. Coordination and 

reconciliation of various individual agency 

interest is achieved within the framework of 

the delegations of authority indicated above 

by the Food Aid Subcommittee of the Develop
ment Coordinating Committee, chaired by USDA. 

Its membership includes USDA, OMB, Treasury,
 
Commerce and State/A.I.D. The Office of 

Food for Peace, AID, is responsible for 

developing and coordinating the State/AID 

position on each program with the A.I.D. 

Regional Bureaus, State's Bureau of Eco-

nomic and Business Affairs and others as 

appropriate. All P.L. 480 programs are 

reviewed and approved by the Food Aid Sub-

committee. 


IV. PROGRAM MAGNITUDE 


The P.L. 480 legislation limits the value of 

Title I and III agreements in any calendar 

year to $1.9 billion, plus carryover (in 

terms of reimbursement to the CCC) and 

Title II programs to $750 million, plus 

carry-over from the preceding calendar year. 

Annual expenditure limitations are estab-

lished in the President's budget and by the 

Congress. In recent years, the expenditure 

limitation has been approximately $800 mil-

lion for Title I and $450 million for Title 

II.
 

V. BUDGET ACTIVITIES 


The Secretary of Agriculture determines the 

amounts and kinds of commodities available 

for P.L. 480. No commodities may be avail-

able for P.L. 480 financing if such exports 

would reduce supplies below the amount 


needed for domestic consumption, adequate 

carry-over and anticipated sales for dollar 

levels, unless the Secretary determines 

that some part of the supply should be used 


to carry out urgent himanitarian purposes
 

of the Act--specifically under Title II.
 

When the commodity availability list is
 
received and the fiucal year budget limi
tation has been set, specific commodity
 
requirements are submitted from the field.
 
In the case of Title I (which as noted
 
above includes Title III), the proposed
 
country programs reflect an assessment of
 
several factors including: (a) the balance
 
of payments situation; (b) the need for
 
food and the country's ability to use food
 
aid to promote development, particularly
 
in the rural'sector; and (c) the relation
ship of Title I to A.I.D. programs. Human
 
rights and foreign policy concerns are
 
also taken into account.
 

The Title II requests include estimated
 
requirements for programs sponsored by
 
U.S. voluntary agencies, recipient govern
ments, the World Food Program, and an
 
emergency/unallocated reserve, principally
 
for disaster relief.
 

VI. PROGRAM OPERATIONS
 

Title I and III agreements are negotiated
 
in the field by a team under the direction
 
of the U.S. Ambassador. After the agree
ment is signed, USDA issues purchase
 
authorizations (PAs) which specify the
 
quantity and dollar value of the commod
ity and contracting and delivery period.
 
Recipient governments buy the commodities
 
from private exporters in the U.S. This
 

process is subject to price review by the
 
USDA. In addition, bookings of shipments
 
are reviewed by USDA since P.L. 480 is
 
subject to the Cargo Preference legisla
tion which requires that at least 50 per
cent of the cargo be carried on U.S. flag
 
vessels to the extent that such vessels
 
are available at fair and reasonable rates
 
for U.S.-flag commercial vessels. Title I
 
commodities are sold in the recipient
 
countries through private trade channels
 
or, in some cases, are made available
 
through fair price shops or similar
 
arrangements.
 

For Title II, cooperating sponsors are
 
advised of annual program approval levels
 

and are authorized to submit orders
 
quarterly against these quantities. USDA,
 
in turut, invites bids each month from
 
private industry on all processed foods.
 
Quality control tests are performed by
 
USDA to insure that commodity composition
 

and characteristics conform to official
 
manufacturing specifications as published
 
by USDA. A.I.D. Missions monitor commod
ity shipments and the management of both
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U.S. voluntary agencies' programs and those 

of other governments. A.I.D. Missions also 

make recommendations concerning programs 

carried out by WFP. 


VII. LOCALLY-PRODUCED FOODS 

number of countries, like Tanzania, are 


interested in developing their own pro-

cessed foods for feeding programs. Often 


such desires are not based on just economic 


factors, but also on a desire to "do it 

themselves." Our approach in such cases 


should be to support them in achieving 


their own goals, and I would cite as an 


excellent example of this the work being 


done here by AID/USDA and Colorado State 


University. Not only have they assisted 

the National Milling Corporation along the 


road to self-reliance by helping them to 


develop the capability to produce the 

"LISHA" baby food, they have at the same 


time demonstrated a successful transfer 


of appropriate technology--that of low-


cost extrusion cooking.
 

Locally-available, low-cost extrusion facili
ties meet several needs. First, they allow a
 
country to supplement or mix imported foos
 
with locally-processed food (this is important
 
because it gives that country a chance to try
 

out such techniques and utilize any recent
 
technology in agricultural production).
 

Second, they allow for a stretching of imported
 
food resources to meet wider requirements.
 

Third, a great deal of on-site technical
 
training and infrastructure-building is
 

accomplished with the introduction of such a
 
facility. Finally, the development of extru

sion facilities can easily become an important
 

element in rural development on a micro-scale:
 

serving as an extension of the agricultural
 
marketing process, training technicians and
 

providing employment, generating funds fci
 

local health and nutrition activities, and
 

strengthening local involvement in feeding
 

programs. At least some part of each of these
 

needs has already been met in Tanzania; we
 

shall watch with supportive interest the
 

efforts to achieve the remainder.
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The LEC Program In Guyana (Part A) 

Leslie Chin
 
Guyana Pharmaceutical Corp., Ltd.
 

Georgetown, Guyana
 

The breakfast cereal will be launched in
INTRODUCTION 

January 1979, and the pea soup in February
 

Guyana is a former British colony on the 1979.
 

tropical north coast of South America. It has
 

an area of 215,000 km
2 and a population of CURRENT STATUS OF LEC ACTIVITIES
 

840,000. Its per caput GNP in 1976 was esti

mated at U.S. $500. It is a country of 6 races, Weaning Food
 

the two major ones descended from indentured East
 
The weaning food is being developed to
Indians and African slaves. 


reduce the level of protein-energy malnutri
tion in the 4-months-to-5-years age group.
USE OF LEC TECHNOLOGY 


A 1971 Food and Nutrition Survey in Guyana The specified primary target market should
 

(PAHO 1976) showed that in the age group 0-5 be the malnourished children in the 4-months

years, 45% of children are malnourished, 15% are 	 to-2-years age group. The following strate

gies are being adopted to segment the market
moderately malnourished and 1.7% are severely 

and so reach this target group directly or
malnourished. One strategy to reduce the ±evel 

indirectly:
of malnutrition is to produce and make available 


a low-cost weaning food. The Guyana Pharmaceu
(a) Fifteen-to-twenty percent of the total
tical Corporation (GPC), a state agency, was 


production will be distributed free
identified by the government in March 1977 as 

through the Maternal Child Health
the organization responsible for the production 

Clinics, with priority being given to the
of a weaning food. 

mothers of malnourished children.
 

Initial product development work involved
 
(b) The product will be low-cost (16q U.S.
drum drying, but a visit by GPC staff to 


per 227-gram packet or 8.70/kg) to
Guatemala and Costa Rica, where the Brady 

reach the lower-income population,
extrusion cooker was observed, convinced GPC of 

which, as one expects, has a much higher
the suitability of the process for the produc-


Immediate action incidence of protein-energy malnutrition.
tion of a weaning food cereal. 

was taken to order a Brady cooker for product 	 At this price the lowest-income mother
 

will be spending the amount of money per
development, 

week on weaning food she presently
 

The main objective of the Government of does on current alternatives. This
 

Guyana (COG) was to produce and make available price is also about 2 -to-3 times the
 

a low-cost infant cereal as a contribution to price of basic staples like wheat flour
 

the solution of the problem of a high incidence and rice.
 

of protein-energy malnutrition in pre-school
 
(c) The product will be labeled "Baby" cereal
children. LEC technology has provided answers 


in order to minimize the problem of the
 to problems, e.g., relatively low capital 

food being shared by the entire family
investment and a certain amount of heat treat-

and so preventing the target child from
 ment to destroy the anti-nutritional factors 

getling its prescribed amount.
 present in the beans, which are part of the 


formulation.
 
(d) The mother is recognized as making the
 

buying decisions for a baby cereal, and
One of the spin-offs in the use of LEC 

promotion will be targeted at her.
technology for the production of a weaning food 


is its use for the production of:
 Product planning considerations
 

(a) A puffed breakfast cereal which would
 
(a) Organoleptic acceptance, e.g., mouthpartially replace bread made from imported 


feel was identified for panel evaluawheat. 

tion, since some initial reactions
 
claimed that the cooked product in
(b) An instant pea soup. 

porridge form had a gritty mouth-feel.
 

(c) Snack foods.
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(b) Cultural acceptance of the ingredients and 

the final form in which the product is con-

sumed. 
 Eighty percent of children consume 

porridge (PAHO 1976: Scien. Pub. No. 323). 


(c) The product should be easy to prepare with 

a minimum of cooking time. 
 LEC technology

provides an adequate.onswer by pre-cooking

the product. 


(d) At the same time, it is considered most
 
desirable to recommend some cooking, say

3-to-5 minutes, in order to ensure that
problems related to the microbiological

quality of water used in cooking would be 

eliminated, 


Acceptability testing of the product has 

proceeded through: 


(a) Panel testing of a number of alternative 

formulations, 


(b) In-home testing, in which the product was 

left at home with mothers to try and to 

later give their reactions, 


(c) A mini-market test lasting 3 months. 
This 

is now in progress in 10 retail outlets in 

which the product 
is being sold. The 

acceptability of the package, the instruc
tions on the package, the price, the 

distribution system and the product itself
 are being evaluated in this mini-market 

test. 


There should be opportunity to make last
minute changes before the final launch if 

necessary. 


(d) During the actual market launch and there-

after, monitoring systems must be main
tained to ensure that the product is 

reaching the target groups. 


Packaging 	is as important as the product in'

marketing. 
A number of factors 

went into the decision to have;a 

plastic pouch.
 'p p 


(a) It is low-cost. This is necessary since' 

the target group .is the low-income mothers.
 

(b) A nylon-polyethylene laminate was chosen 

since it is considerably stronger tha

simple polyethylene. 


(c) The package will be attractively printed, 


(d) The 227-gram pouches will be packed in 

multi-wall paper sacks, 60 per sack. 

These sacks will provide a significant 

protection against rodents which are a 

major problem. This limited protection

will be for storage in the production 


so
 

order to reach the target market. This is
 
being achieved by a number of approaches.
 

(a) About 75 percent of the food ingredients
 
are being donated through USAID during
 
the first 	phase of 3 years of this

project.
 

(b) The remaining 25 percent of the food
 
ingredients will be donated by the
 
Government of Guyana.
 

(c) The packaging materials are being donated
 
by the USAID in the first 3 years.


d) The capital equipment is being donated by
 

USAID.
 

(e) The building for the factory is being
donated by the Government of Guyana.
 

In the second phase, in which there is
 
going to be a phasing out of the external
 
assistance, it Is expected that, with
 
increased 	production throughput including the
production of other extruder-based foods such
 
as puffed 	breakfast cereals, pea soups and
 
snack foods, the cost per unit production will
 
be lowered. 
 In a commercially self-sustaining

operation, It is expected that the price of the

product would not increase by more than 60 per
 
cent.
 

warehouse, the wholesalers' bonds and the
 
retailers' back-stores. The choice of
 
outer packaging was based on cost-benefit
 
considerations.
 

(e) Display boxes made out of sturdy material
 
will be provided to retailers for shelf
 
display of the product, in order to protect

most of the products except the front
 
package from rodent attack.
 

Distribution
 

The distribution channels to be used for
 
the baby cereal are the established ones being

currently 	used by the producer, Guyana Pharma
ceutical Corporation, in its distribution of
over-the-counter drugs, toiletrie3 and food
 
essences. 
Ninety percent of retailers are
 
reached by this distribution system, which is
 a combination of a wholesaler/retailer chain
 
and direct selling to retailers.
 

As mentioned earlier 15-to-20 percent of
 
the total production will be distributed freely

by the Ministry of Health through its 134
 
Health Clinics. Actual distribution from the
factory will be done by the Ministry of
 
Health's Central Food Unit, which is respon
sible for the distribution of food supplements.
 

Pricing
 

Effective 	pricing is most 
important 	in
 



The LEO Progrm Mi Guyan (P 6) 

Vickram Oditt
 
Guyana Pharmaceutical Corp., Ltd.
 

Georgat i, Cuyana 

.	 PRODUCT AND PROCESS DEVELOPMENT Plant layout 

ACTIVITIES 
The proposed floor plan for the 

Ingredient selection and cheair availabilit weaning food plant is shown in Figure 1,while a plant flow diagram is shown in
 

We have the objective in Guyana of Figure 2. It can be seen that the
 

using Jndigenous or potentially available sequence of equipment is similar to
 

our food that of LEC plants that have been inraw materials as ingredieltLs in 

stalled in other countries. The total
products. 

cost of the plant equipment plus spare
 
parts for one year landed in Guyana is
The main ingredients in our weaning 


food product are: corn, rice, soybean approximately $160,000.
 
skim
.toasted defatted flour and oil), 


Of these, on17 	 Essentially the processing system
milk powder and sugar. 

skim milk powder will not be available has been deslined to:
 

locally in the immediate future. This
 
a. cook a corn/rice!soybean oil
ingredient has been included, however, 


mixture using a Brady extrusion
because larg- quantities of it are donated 

cooker;
to the COG on an ongoing basis by various 


international agencies and foreign coun
b. grind the cooked product and
tries. 


blend it with skim milk powder,
 
toasted defatted soy flour,
The maC ingredients uscd in our 

sugar, vitamins and m.aterals;
breakfast cereal product are: corn, soy-


bean and sugar, and there is no problem
 
c. package the blended food in
with availability here. Similarly, in-


227-S 	attractively-printed
digenous black-eyed peas, corn, rice and 

laminated bags.
suybean form the base of our instant pea 


soup product.
 
Nutritional considerations
 

Selection of equipment
 
The formulation of our weaning food
 

product "Cerex" is as follows:
Guyana Pharmaceutical Coruoration will 


have two LEC plants in operation for the
 
Percentage Ingredient


processing of our various food products. 


36 	 cornmeal (degermed)
One plant is being donated by USAID/ 


Guyana for zhe manufacture of our weaning
 
15 	 white rice (broken)
food, Specifications for the plant equip-


ment have becit worked out in collaboration
 
20 	 soy flour (defatted,
with our technical advisors from Colorado 


toasted)
State 	University, and this equipment I.s 


now being ,rdered by GPC.
 
7 	 soy oil (salad grade)
 

Our other LEC plant will be used for
 
10 	 shite sugar
the breakfast cereal and instant pea soup 


products. The Brady cooker we currently
 
1.9 mineral pramix
operate will be incorporated into this 


plant, and the remaining pieces of equip
01 vitamin premix
ment will be bought or manufactured in 


10 skim milk powder
Guyana. 
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Figure 1. Floor plan of Guyana Pharmaceutical Corporation plant.
 

The nutritional composition per 100 g
 

is as follows:
Energy content 92 kJ (387 k, calo.)
Figure ~~~~_ 1.rgFloopln fGuan hamaetialCrprainlat
 

Protein 17 g
 

Fat 8 g 


From a nutritional point of view this
 
product is sim:lar to CSM. Detailed
Fat 8 8Pn 


analyses (including anixual feeding experiments) and storageability tests are being 


done at the Department of Food Science and 

Nutrition of CSU. 


Two infant feeding trials have been 


planned for the product before it goes into 

full production. The first is in progress 

at the Tropical Metabolism Research Unit of
 
the University of the West Indies in 

Jamaica, West Indies. The second will take 

place in Guyana with the assistance of the
 
Ministry of Health.
 

II. SHORT AND LONG TERM PRODUCTION GOALS
 

Cuyana's weaning food plant is 

expected to begin operations in August 1979,
 
and the production goal for 1979 is
 
215 M.T. It is estimated, however, that
 
850 M.T. per antium would be our full
 
market potential, based on the projected
 
per capita consumption of infants in the
 
4-months-to-5-years age group. It is
 
expected that this full market potettial
 
would be reached in 1983. 
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Figure 2. Preliminary plant flew diagram,
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soup
GPC's breakfast cereal/itstant 


plant is expected to produce 250 M.T. in 

1979 and to achieve a production 
goal of 

900 M.T. in 1983. 

PRODUCT MODIFICATIONII. FUTURE PLANS FOR 

for
immediate plans
There are no 

modifications to our weaning 

food product.
 
on
 

Any future modification would 
be based 


results obtained from 
market tests,
 

nutritional analyses or 
infant feeding
 

trials. t b k
 

beakastcereal range, GPC
 

has plans to manufacture 
a rice-based
 
In addition,
 

In te 


product within 9 months. 


there are proposals to utilize wheat
 

bran from the local flour 
mill to manu

facture another breakfast 
cereal product.
 

our
 
GPC's plans for modification 

of 


instant pea soup product 
would include
 

the manufacture of other flavored
 

One example of this type

instant soups. 


instant chickenof soup would be 

has a high market 

flavored soup, which 


demand in Guyana.
 

Another range of products in which
 

GPC is interested is snack foods. In
 

this respect, the possibility 
of
 

can produce shaped
purchasing a LEC that 


snacks is being investigated.
 

GPC packages its baby cereal 
in 227-g pouches.
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Review of the Honduras Program 

Rigoberto Alvarado A.
 
Department of Sectoral Planning
 
Ministry of Natural Resources
 
Tegucigalpa, Honduras
 

INTRODUCTION 


Honduras is a country with approximately 

802 of its population suffering some degree of 

malnutrition (Consuplane, 1978). Available data
 
also indicate that in 1977, of the total of 

653,000 children under five years of age, 75%
 
or 490,000 were suffering some form of malnutri-

tion, and 29% or 190,000 of all children under 

five were su'lering from moderate to severe 

malnutrition. 
The 	bulk of the most severe cases 

was 
found within these 190,000 children, or with- America and Panama (INCAP), and since then conin this 6% of the country's total population. 
 siderable research has been undertaken to opti-
Another recent study (Flores, 1977), which in-
 mize the running parameters of the extruder, so
volved a survey of food intake by low socioecono- as to obtain food syatems with the best nutrimic 	groups in rural areas, has also revealed 

that nutrient intake by pre-school children is 

drastically below the recommended nutrient in-

take (RNI) in calories, retinol, riboflavin and 

and niacin; therefore, it is potentially con-

ducive to severe cases of malnutrition (Table I).

The adult diet also had considerable deficien-

ciea (Table II); however, as far as adequacy of 

nutrient intake, the worst diets were found a-

mong pre-school children.
 

supplement the Honduran diet with its most de
ficinnt nutrients. A review of the progress

to date for the Maisoy processing facility
 
follows.
 

HISTORICAL OVERVIEW
 

The first extrusion equipment (Brady)
 
tested in Central America to produce low-cost
 
nutritious foods was loaned In 1975 by CARE/

USAID to the Institute of Nutrition of Central
 

Obviously the malnutrition problem is 
 'ing a Maisoy processing facility was high in
 severe; however, now that a clear diagnosis of 
 1975, and by the end of that year a prototype

the nutrition situation of the population is processing facility was proposed by INCAP
available, it is expected that food and nutrition (Bressani, 1976). Likewise, in the same year,

programs will be designed more efficiently. 

Furthermore, SAPLAN (National System for Food 

and Nutrition Planning), the foremost authority 

in nutritional planning, is well aware that 

maximum efficiency in the country's nutritional

projects can only be obtained by an interinsti-

tutional and interdisciplinary approach to the 

problem. SAPLAN states in the National Plan of 

Food and Nutrition (NPFN, 1979-1983) that to

tackle malnutrition it is necessary, among other 

things, to increase the availability of food 

crops, obtain a better distribution of income, 

improve rural health care (preventive and curs-

tive), promote the nutritional education of the 

layman and improve the efficiency in the distri-


tional, organoleptic and storage stability
 
properties. Of the many food mixtures tested
 
(Table III), the Maisoy formula (70 parts corn/

30 parts soybeans) has been considered the best
 
mixture for Hondurans, basically because it has
 
a high nutritional value, a relatively low-cost
 
and a flavor somewhat similar to cooked corn
 
flour (atole), a staple food in the traditional
 
Honduran diet.
 

Interest in the possibility of establish

an extensive acceptability trial was conducted
 
in various communities in Hounduas. The ac
ceptability trial was efficiently conducted by

PANI (National Children's Foundation), INCAP
 

and British nutritionists with highly encourag
ing results (Table IV). A pre-feasibility study
which also indicated the soundness of the pro
ject was performed in the same year.
 

As it can clearly be seen, substantial
 
efforts were undertaken in 1975 to promote the
 
establishment of the Maisoy processing facility.
 
However, implementation of the project was de
layed primarily because of the lack of capital

and the unavailability of locally-grown soy

bution of complementary foods (Consuplane, 1978). beans. 
 Only recently (April, 1978) has the
 

On the subject of supplementary feeding the 

NPFN describes the local production of Maisoy

(Corn/Soy Blend) as a project of top priority, 

basically because there is 
a strong desire to 

produce a low-cost food so formulated as to 


project restarted because of three major rea
sons:
 

1. 	Soybeans are being produced locally
 
in sufficient quantities by a program
 
sponsored by the Ministry of Natural
 

Resources (Table V).
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Table I. Daily Nutrient Intake and its Percent of Adequacy in the Diet
 
of Honduran Rural Pro-School Chiludren Zlassified Acording to
 
Socioacoromic Groups (ages 3-6)
 

SOCIOECONOMIC GROUPS 1/ 

1UTRIENT LOW : MIDDLE * HIGH 

2/,4 sD3/ "%.4/ :: _ 

z XT- :PNI X SD :RNI :X SD: NI 

'alories (units) 732 + 278 : 42 : 833 + 308 48 1125 + 400 : 64 

rotal Protein (g) : 23.2 + 9.7 70 : 24.2 + 9.1 73 : 37.5 + 13.1 : 113 

,alcium (mg) :401 + 258 : 89 : 505 + 272 112 : 999 + 580 : 222 

Cron (mg) • 6.5 + 5.0 : 65+ : 5.4 + 3.0 : 54 5.1 + 2.4 : 51 

letinol equivalents : 
[mg) 112 37 : 100 : 33 237 : 79 

rhiamine (mg) 0.40 +,0.20 !57 + : 0.40 + 0.17 57 : 0.53 + 0.19 : 75 
1*> . . 

tboflavin (mg) :J0.'37,' + 0.21 : 37 0.56' + 0.37 : 56 : 1.38 + 0.84 : 1380: 

liacin (mg) : 4.06 .4 2.03 : 35 + : 3.88 + 2.07 : 33 : 3.83 + 1.54 : 33
 

ritamin,CL(m)' . 28 :140 : 1+'44 165 35 26
33 +' 38 ' + :175 

L/ Low income < 1,000 U.S. Dollars/year (79.7%*' of 'ttal-populaton).
 
Middle income from 1001 to 3,500 US.,Dollars/year '(17.7" 'o tbtal population).
 
High income > 3,500 U.s. Dollars/year '(3.1% of total p'opuiat'ion).
 

./ Average Nutrient Intake (Flores, 1977).
 

3/ Standard deviation.
 

/ Recommended Nutrient Intake according to the INCAP';Nutritionial!Rcomnendation tables
 
for the Central American Area (revised, 1973).
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Table 11. Daily Nutrient Intake and its Percent of Adequacy in the Diet
 

of Honduran Rural Population (person/day), Classified According 

to Socioeconomic Groups 

SOCIOECONOMIC GROUP 

I1 

MIDDLE : HIGHNUTRIENT : LOW 

%2/ 3/: % 4/: : % Z 

SW RNI X SD RNI X SD :RNI 

Calories (unite) : 1337 + 384 67 : 1599 + 440 : 78 : 2131 + 587 : 98 

+ 13.2 : 83 : 50.2 + 14.9 : 98 : 68.8 + 18.9 : 118
Total protein (g) : . 42.1 .• 	 : 

: 767 + 294 : 152 : 1018 + 399 : 205
Calcium (mg) : 646 + 310 : 128 

2 	 : 

: 104 13.9 + 4.8 : 97
Iron (mg) • 11.4 + 5.7 : 90 : 13.4 + 8.6 

: 	 2: : 	 3 

Retinol equivalents : 	 : 
: 168 : 29 :331 3 54 

(mg) 	 : 152 : 29 
a 	 : a 3 3 

0.29 : 102 : 1.02 + 0.33 :117 
Thiamine (mg) :0.72 + 0.26 : 90 t 0.83 + 

Riboflavin (mg) : 0,57 + 0.22 t 52 a 0.74 + 0.30 : 65 : 1.20 + 0.39 : 101 
a 	 : : a 

17.89 + 2.68 a 59 :8.89 + 2.97 1 66 :11.61 + 3.18 1 81Niacin (mg) 
 I " 	 *: a' a 

: 109 1 52 + 57 :.244 : 90 + 62 :183Vitamin C (N) 1 49 + 61 : ,,' 	 a*2 t 	 2 

1/ 	Low income < 1,000 U.S. Dollars/year (79.7% of total population).
 

Middle income from 1001 to 3,500 U.S. Dollars/year (17.7% of total population).
 

High income > 3,500 U.S. Dollars/year (3.1% of total population).
 

2/ 	Average intake using the daily food intake method during three days (lores, 1977).
 

3/ 	Standard deviation.
 

Recommended nutrient intake according to the INCAP Nutritional Recommendation tables
4/ 

for the Central American Area (revised, 1973).
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Table II1. Soon Food Mixtures Processed 

Corn/Soybeans 

Rice/Soybeans 


Oats/Soybeans 


Sorghum/Soybeans 


Cassava/Soybeans 


Cowpea/Corn + Methilonine 


Cowpea/Cassava + Methionilne 


Soybean/Sesame 


Corn/Soybean/Sesame 


Rice/Soybeans/Sesame 


Wheat/Soybean/Sesame 


Corn/Pigeon Peas/Soybeans 


Corn/Redbeans/Pigeon Peas/Soybeans 


by Extrusion at INCAP l 2 

85/15 82/15 70/30 

82/18 70/30 

82/18 

70/30 

54/36 

65/25 72/28 

81/19 

50/50 

72/14/14 72/21/7 

72/14/14 72/21/7 

72/14/14 72/21/7 

60/24/6 

60/10/10/20 

1/ 	The Brady is capable of processing a great variety of single and mixed oilseeds, legume
 

grains and cereals. Research was conducted to learn the operating conditions for specific
 

single and mixed foods as well as for the determination of the chemical and biological
 
properties.
 

2/ 	Average cost, 1978, .nU.S. dollars/100 lbs.: soybeans $12.50; corn $8.10; sorghum $7.00;
 

sesame $20.00; rice $12.89; black beans $19.90.
 

2. 	A grant of 250,000 U.S. dollars will 

probably be obtained from the European
 
Economic Community (EEC) to buy the 

majority of the processing equipment 


for 	the plant. 


3. 	Organizations sponsoring complementary 

food programs like CARE, CRS/Caritas, 

WFP and Co-haat (the bi-lateral GOH/ 

German government food for work pro-

gram) have indicated that they will 

continue with their programs. However, 

there is a general consensus (de 

Muelenaere, Dec. 1978) that within t!-

next 3-5 years more initiative nndl 

effort is expected from the Honduran 

Government (GOH) to help alleviate the 

malnutrition affecting pre-school and 

school children. 


CURRENT STATUS
 

The main accomplishment to date on the
 

Maisoy project has been the completion in
 

November 1978 of a detailed feasibility study
 
(PANI, 1978) by a working group with repre
sentatives from various local government
 
agencies and INCAP. This study was subse
quently evaluated by the director of the
 

Pronutro Research Institute (Durban, South
 

Africa), acting as a special AID consultant
 
to the project, and his observations and
 

".adings are being evaluated for incorpora
3n into the final revised form of the study.
 

fact, at this time INCAP and PANI are work
!igon this revised edition which will be sent
 
shortly to the EEC in order to meet one of the
 

basic requirements to obtain the grant.
 
General information and a summary of the
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Table IV. Results of The Acceptability Trials.! / with Maisoy 

Amount of the sample consumed Mothers % Children % : Both 

More than one sample 

A complete sample 

More than half thesample 

Half the sample 

Less than half the sample 

Refuse to try the sample 


Total 


-- -- : 1,585 5.7 : 1,585 : 4.8 

: 4,915 98.3% 23,277 83.7 28,192 86.0 

37 0.7 724 2.6 761 2.3 

: 4 t 0.1 543 2.0 547 1.7 

8 : 0.2 521 1.9 529 1.6 

35 0.7 1,149 4.1 1,184 3.6 

: 4,999 100% 27,799 100% 32,798 100% 

1/ Data obtained from the publication 'YruebaAceptabilidad Mezcla Alimenticia,"
 
a report by PANI (National Children's Foundation). 

findings and conclusions from the project's 

feasibility study follow, 


Description of the Shareholders
 

Presently, it is understood that the enter
prise will have three shareholders and that ad-

ministratively it will be run along private 

industry lines with minimal government inter-

ference. The shareholders will be PANI, with a 

majority of the stock; FANCAP, with 10% of the 

stock; and a soybean-producing cooperative, with 

a small percentage. The coop will be included 

because it is one of the bisic requirements 

pldced by the EEC prior to grant approval. How-

ever, difficulties are being encountered in 

finding a suitable coop, because most are poorly 

organized and not motivated to participate in 

this kind of project. In spite of this, a coop 

hau been unofficially selected, although no 

final decision will be taken until a complete 

survey of possible participants is accomplished, 

FANCAP, a subsidiary of INCAP, will participate 

because it is their policy to invest in projects 

directed to improve the nutritional status of 


state agencies most involved in programs orient
ed to the general welfare of children--one of
 
the basic objectives of the Maisoy project.
 

Institutional Markets
 

The main purpose of the project is to pro
vide Maisoy as a supplementary food to pre
school children, school children and to preg
nant and nursing mothers. However, since school
 
children are readily accessible and concentrated
 
in larger groups, they will initially constitute
 
the major consumers within the institutional
 
market. Data indicate that in 1978 there were
 
500,000 school children of which 270,000 were
 
receiving supplementary foods. Nevertheless,
 
due to the generally poor nutritional status of
 
most public school children, it is highly re
commended that all school-going children receive
 
the supplementary food. The project aims at ex
panding the food distribution program by incorpo
rating into the scheme school children not being
 
presently benefited, although this goal will
 
have to be approached gradually owing to tech
nical and economic limitations. For example,
 

the Central American population. All income from assuming the diet of those 230,000 children who
 
this project will be utilized by them to support did not receive supplementary foods in 1978 were
 
applied research or other nutritional development supplemented with 30 grams of Maisoy a day, for
 
projects in the area. Lastly, it should be 220 school days a year, a total of 1,518 metric
 
recognized that PANI, the institution which tons (M.T.)/annum would be required--a require
initiated the project, has undertaken the major ment which, according to scheduled plant yearly
 
role in the project, because it is one of the production of 707, 1,415 and 1,769 M.T. for the
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Table V. Percentage of the Total Production of Soybeans That Will Be Required By the Maisoy
 
Plant 

Item 19751-1 1976-3/ 1977-' 1978 / 1979 1980 :1981' 1982 :1983 

Area of cultivation in 
hectares 2 

1 Hectare - 10,000 M) : 

: 
210 
: 

454 
: 

667 
: 

: 
667 887 1079 : 1473 :2134 

Metric tons (M.T.) 
Produced 2/ : -- : 315 : 681 

: 
1000 

: 
1000 : 1330 : 1618 : 2210 :3200 

Plant requirements 
(M.T.) -- - . . 

: 
- --

: 
: 212 424 : 530 663 

Percentage of soy pro
duction required by the 
plant 

:: 
-- -. :- :15.9 :26.2 :24.0 :20.7 

.1/ Soybean availability is variable since there is no commercial production of soybeans in
 
Honduras. Likely production will be dependent upon land quality, seed, inputs, etc., but
 
might be in the magnitude of 1-to-1.3 tons/hectare. At maximum demand for Maisoy, 1,875 tons
 
of soybeans would require per harvest from 1,400-1,900 hectares. Starting from scratch, this
 
apears to be an unlikelv prospect within the next few years, according to an excerpt from
 
USAID/H Maisoy nutrition assessment by Flint (1975).
 

2/ Source: Soybean production project, Ministry of Natural Resources, Tegucigalpa, Honduras.
 

3/ Actual production for the particular year.
 

first, second and third years respectively, could inadequate intakes of calories, iron and
 
only be met in the third year of operation. Also thiamine. This information, which is quanti
of interest in this example is that for the 1,518 fied in Tables I and VI, was used to calculate
 
*M.T. needed, the government would have to pur- the fortification level of nutrients which
 
chase $834,900 -worth of Maisoy from the plant. Maisoy should include. For the calculations
 
Moreover, this amount will have to be increased it is assumed that a 45-gram sample would be
 
on a yearly basis because of the steadily-increas- given to the pre-school children, and that
 
ing enrollment of school children and higher pro- total intake for a particular nutrient would
 
duction costs. Hence, if the goals of the project be the contribution from his normal daily diet
 
are to be accomplished, the government has to and that offered by the Maisoy sample. Both
 
make a firm commitment to allocate a constant intakes should roughly add up to 100% of the
 
source of funds to purchase Maisoy from the enter- RNI for the particular nutrient. Vitamin A
 
prise. It will also be necessary that the GOH will not be incorporated into Maisoy because
 
and those agencies involved in various food dona- of the recent sugar supplcmentation scheme at
 
tion programs cooperate more fully so as to eli- a level of 5000 IU/l00 g. Note the high con
minate the many existing inefficiencies in the tent of vitamin C in the diets (Table I), which
 
distribution infrastructure, is attributed to the very widely-consumed
 

guava (wild fruit).
 
Supplementation of Maisoy with Vitamins and
 
Minerals Retail Markets
 

Dietary surveys among rural low-socioecono- The feasibility study has shown that from
 
mic, pre-school children have indicated drastic the sale (in 25-lb. bags) of all production
 
deficiencies in the daily intake of niacin, to institutional markets the project can ob
retinol and riboflavin. Other deficiencies not tain a tangible return of investment from the
 
as severe, but still of major concern, are second year onward (Table VII). Business-wise,
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Table VI. 	Nutritional Contributions Expressed asZ I Y For Pre-School Children
 
(ages 4-6) at Proposed 1/ Supplementation Levels
 

Nutrient : RNI : Amount nutrient : Amount nutrient : 2 RNI obtained : 2 RNI obtained
 
: per 100 grams : per 45 g. : from maisoy ; from normal
 

: : daily diet 3/
 

Protein (g) :33 : 16 7.2 	 22 
 70
 

Thiamine (mg) : 0.7 : 0.6 : .27 	 39 : 57
 

Riboflavin 	(mg) 1.0 1.2 .54 : 54 : 37
 

Niacin (mg) :11.6 : 16 : 7.2 	 62 : 35
 

Iron (mg) :10.0 : 10 : 4.5 : 45 : 65
 

1/ Recommended nutrient intake according to INCAP Nutritional Recommendation tables for the
 
Central American area (revised 1973).
 

2/ Nutrient content proposed by Dr. de Muelenaere on his consultancy to the project (not
 

approved yet).
 

3/ 	Percent of the RNI in the diet of the rural pre-school children belonging to the low socioeco
nomic group (Dietetic Profiles According to the Socioeconomic Situation in Honduras: M.
 
Flores INCAP 1977).
 

Maisoy Nutritional Contribution Expressed as % RNI for Pre-School Children (ages 4-6)
 
at Supplementation Levels i/ used in the AID Vitamin and Mineral Pre-mixes
 

Nutrient • RNI : Amount Nutrient : Amount Nutrient : % RNI obtained : % RNI obtained 
per 100 grams : per 45 grams : from maisoy from normal 

: daily diet 
.. 	 , • 2 

Protein (g) :33 :...16 	 7.2 : 22 : 70 
* : *- ' a, -.. " , . . . 

' 
Thiamine (mg) 0.7 : 0.275 : 0.124 i 18 ,. , 57 

Riboflavin (m) 1.0 0.385 0.173 , 17 a 37 

Niacin (mg) : 11.6 : 4.95 a 2.23 ' 19 a 35 

Iron (mg) : 10.0 : 15.4 a 6.93 a 69 : 65 

1/ At Supplementation Levels Recommended by USDA for Title II Foods (CSB). 
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Table VII. 
Profit and Loss Account 1/
 

Item 
 1st Year 
 2nd Year 
 3rd Year
 
U.S. Dollars U.S. Dollars U.S. Dollars 

Gross sales value 2/ 388,850 778,250 972,950 
Returns and losses of 1% 3,889 7,782 9,729 

Corrected Sales Value 961 770,468 963,221 

Expenditure 
Production costs 

. 302,462 533,198 672,212 
Administration costs . 43,313 45,225 46,258 

Sales cost : 23,243 32,596 37,198 
Financing costs 1,875 1,875 1,875 

Total expenses : 370893 B93 757,543 
Trading profit 3/ : 28,138 157,575 205,678 

Percent of total investment in-plant . : 27 
: 2.7 30.8 40.2 

Percent of total capital requiremet; : .1.9 21.5 28.0 
Percent of sales 

* 3.6 21.1 
Pay back (years)--

. 1 2.4, 

Breakeven point in weight'sold (M.T.) 
* 680 1,128, 1,395 

Total production 
 . 07. 1,415, 1,769, 

1/ Source: Report on Consultancy for Maisoy.Food Processing Plant Honduras,

de Muelenaere, December 1979.

2/ Maisoy cost to institutions taken as L. .O50/lb.,(L.l.l/kg.)delivered price

throughout Honduras.

3/ Maisoy enterprise not subject to company tax forfirst 10 years of operation.
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if such returns were possible they would be 
highly acceptable. Nevertheless, this scheme 
is based on yearly allocations from the 
centralized government, which if not continued 
due to changes in government or top officials, 
would place the plant at a standstill or at 
least in a critical financial position. For 

this reason, it has been suggested that the 

enterprise should not be totally dependent on 

government funding. This could be accom-

plished by diversifying production and 

obtaining an income from the retail trade. 

As of now, it is understood that bulk Maisoy 

will be sold to institutional markets under 

the name of Maisoy, but that it should also be 

sold in the retail market under a different 

brand name in the form of vanilla-flavored 

atole, chicken-flavored soup, instant drinks 

or other: similar products. The developmental
 
work for making these products still has to
 
be done; however, expertise in this kind of 

work is available in institutions like INCAP,
 
and it should therefore be able to be accom-

plished in a short time and not pose a major 

problem. Once the formulas are developed and 

tested, it would be advisable to conduct a 

feasibility study, somewhat less detailed than 

the study just concluded for the basic Maisoy
 
formula. Finally, it should be noted that 

the central government created in 1974 a food 

retail organization (Banasupro) which, 

because of its nationwide distribution network 

of stores, would be the most appropriate to 

use for test market trials, as well as for
 
one of the distribution networks for subse-

quent launching of the product in the retail 

market. 


CONCLUSION 


The time is ripe for Honduras to start 

getting some experience in the production of 

low-cost nutritious foods like Maisoy. Con
siderable nutritional benefits would be 

obtainable to those individuals participating 

iti government feeding programs or to those 

cdisumers with low purchasing power who 


desire to purchase a good quality food at a
 
reasonable price. However, the most import
ant benefit from the project would be tha: the
 
experience accumulated in Honduras would sub
sequently prove helpful for the design and
 
execution of other nutritionally-oriented
 
schemes. Finally, it should be recalled that
 
the Maisoy project is not just another
 
isolated venture trying to fight malnutrition.
 
It is part of a bigger nutrition program
 
described in the NPFN attempting to reduce
 
malnutrition by an interinstitutional, multi
disciplinary and multiprogram approach to the
 
problem. It was previously reported that
 
Honduras has 80% of its population suffering
 
some degree of malnutrition; it is the hope of
 
the NPFN to reduce this to 50% by the year
 
2000.
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Experience With Extrusion Cookers inIndia 

Robert Nave
 
Soya Production and Research Association
 

Bareilly, India
 

able to conduct a variety of tests for
I. 	BACKGROUND AND OBJECTIVES OF SPRA 

trypsin inhibitor, bacterial count, NSI
 

A. 	The Soya Production and Research Asso- and many more.
 

ciation (SPRA), which we established in
 
1971, grew out of our desire D. SPRA has made it a point not to be
 

dependent on government feeding programs
 

for its economic viability, but rather
1. 	To establish a project for the 

to restrict these sales to a manageable
utilization of soybeans which were 


being introduced as a farm crop proportion of its production capacity.
 

but for which no market seemed to
 
be developing; II. EXTRUSION COOKERS AT SPRA
 

2. 	To develop some soyabean-based A. There are three extrusion cookers at
 
These are a Wenger X-25 with the
food products which could be pro- SPRA. 


cessed in large quantities and necessary parts to convert it to an
 

which would be readily accepted by X-900, a Brady crop cooker and a
 
Wenger X-155. (The X-155 is just being
Indian people; and 

brought into production and operates
 
only on a very limited basis at present.)
3. 	To produce low-cost soyabean-based 


foods and yet be a viable company
 
which could produce some surplus Most of our experience has been on the
 

income for use in developmental X-25 and the X-900. Strictly speaking,
 
only the X-900 and the Brady crop cooker
and 	charitable projects. 

come in the category of low-cost extru

sion cookers (LEC's). Yet the experi-
B. 	SPRA is a partnership of the Methodist 

ence with the other machines may throw
Church in India and the G.B. Pant 


University of Agriculture and Tech- light on the potential and value of
 

nology which is the Uttar Pradesh State LEC's.
 

Agricultural University. It is
 
currently registered as a Partnership B. To operate the X-25 or X-155, it is
 

and will later be registered as a necessary to grind the raw materials
 
into powder, to have an arrangement
Charitable Company under Section 25 of 

inject water into the barrel of the
the 	Companies Act. Since its incep-


tion, SPRA has paid all of its opera- extruder and to have a drier to reduce
 

tional costs from its own earnings and the moisture in the finished product.
 

shown some net profits for fiscal It is also desirable to have a source
 

years 1976-77 and 1977-78. About 	 of steam for pre-conditioning the raw
 
material and also for use in controlling
Rs. 300,000 ($37,500) have been put 


aside in 1978-79 for training needy the temperature of the barrel of the
 

young people in technical and voca- extruder.
 

tional trades. These earnings have
 
On the other hand, the X-900 and Brady
been from commercial sales through 

crop cooker can process unground soyaretail stores as well as from sales to 

beans and do not require water, steam
government and private agencies for 


feeding programs and relief operations. or a drier to reduce moisture after
 
processing.
 

C. 	The activities of SPRA include nutri
tion education and trial feedings,
 

OTHER EXTRUSION COOKERS IN INDIA
agricultural extension (with special III. 


emphasis on soyabean cultivation),
 
research and development (for new pro- Several companies now have extrusion
 

ere making a variety
duct development and quality control), 	 cookers in India and 

of products. They are:
engineering (for machinery and parts 


development), and general rural deve-

A. 	Karia Cooperative in Gujarat, which has
lopment. We also have a lab with a 


one 	Wenger X-25 and one or more
food technologist and chemist who are 
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additional extruders which they con-

etructed by copying the X-25. This 

organization appears to be producing 

a weaning food for commercial sales as 

well as product for certain government
 
feeding programs. 


B. 	Mysore Snack Foods Company of Ba;%galore 
has a X-25 and is producing pr;.c for 
government feeding programs. D 
attempted to produce TVP for 4he 

commercial market but withdrew !ttec a 

few months.
 

C. 	Unichem Company in Ghaziabad, U.P., 

has an Anderson extruder but does not 

appear to have a product on the market 

yet or to be producing for government 

feeding programs. 


D. 	Two small companies, one in Bombay and
 
one in Delhi, have extruders and are 

producing snack foods for commercial 

sales. 


E. 	An ex-employee of SPRA has made a 

modified copy of the X-25 which is in 

operation in Indore and is producing 

TVP. 


We understand that the Modi Industries are 

planning a large extrusion cooking facility 

with 	Wenger equipment. SPRA is also 

planning an addition of two Wenger X-175 

cookers shortly.
 

While extrusion cooking in India is still 

in its infancy, it is now well established 

as a 	potential major food processing
 
technique. 


IV. 	TYPES OF PRODUCTS PRODUCED BY SPRA ON 

VARIOUS MACHINES
 

A. 	Commercial Products 


Textured vegetable proein This is
 
produced on the X-25 and the X-155. It 

is packaged in 250-gram and 100-gram 

packages for sale through retail stores 

and 	in 20-kg. bags for sale at reduced 
prices to institutions, 


Corn-defatted soya weaning food This 

is produced on the X-25 but probably 

could be produced on the X-155 also. 

It is packed in 500-grat packages for
 
commercial sales. 


Rice-defatted soya snack food flavored 

with 	peanut oil and local spices This 

product is made on the X-25. It 

probably cannot be made on the X-155 

with the configurations available with 

us at present. This is packed in 
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50-gram *aJ-19-gra high density oly
ethylene (HbP) bags for comercial salci
 
and in 10-kg high density polyethylene i
 
bags for institutions.
 

B. 	Feeding Program Products
 

Corn and ground soyabeans This mixture 
was made on the X-25 with variations 
tried c *he X-900 configoration and the 
Brady cL.op cooker. The runs on the 
X-900 and Brady were not satisfactory. 

Ground cereal grains Plain rice, wheat
 
or corn are gelatinized on the X-25.
 
fhese could be run on the X-155 with the
 
right configuration and possibly on the
 
X-900 and Brady crop zooker. However,
 
rice might pose a greater problem on
 
these two machines than wheat or corn.
 

Full-fat soya meal from whole ground
 
soyabeans This had been produced on the
 
X-25 and nan be produced on the X-155.
 

The use of steam and/or water during or
 
prior to extrusion and drying after
 
extrusion seem to increase the rate of
 
processing. Due to problems of feeding
 
the ground material into the X-900 con
figuration and into the Brady crop
 
cooker, we have not used them for this
 
product. Possibly a coarse grind would
 
overcome the feeding problem in the
 
X-900 and Brady.
 

Full-fat soya meal from whole unground
 
soyabatis This product is run on both
 
the X-900 and Brady.
 

Full-fat soya meal from dehulled soya
beans This product is run on both the
 
X-900 and Brady.
 

These items are supplied to feeding programs
 
and institutional kitchens as is or mixed
 
together in various combinations with sugar.
 

We feel that full-fat soya flour and a com
bination of full-fat, wheat and sugar have
 
good commercial prospects as a product for
 
low-income families. We feel that more
 
nutritional benefits can be derived from
 
the availability of low-cost nutritious
 
foods for home use than through government
sponsored feeding programs--although both
 
approaches are necessary.
 

Our inability to put the full-fat soya
 
flour and a cereal/full-fat soya product on
 
the market commercially is due to our
 
inability to find suitable packaging
 
material at a low enough cost. Neither of
 
the two "obvtoug" materials, LDP nor HDP,
 
is suitable. Due to the oil content, even
 
40q-gage (4-mil) LDP becomes sticky, and
 



NDP starts" plttins'within a few weeks. 
There are suitable materials, but they cost 

as much or more than the ingredient being 
packed. . 

V. 	GENERAL OBSERVATIONS 


The 	following genetal observations based on 


our 	experience of the past seven-7years 

appear to be valid:, 


A. 	The best grue~, powder and the cereal
 
grain is made when the sayabeans are 

extruded by themqel,cs, then ground 

and mixed togkther with the required 


flavring, vitamtns and minerals. 

This was also tha most economical way 


oil peaqducing th~ss gruels.
 

When soyabean and cereal grains are 


combined before extr'ding, Q-e rate of 


processing tends to be that/of the
 

cereal.grain, which is much slower than 


that of soybeans alone. Uaing a 50-hp 


motor on the X-25, cereal grains 

extrude at ihe rate of about 4 tons/ 


24 hours. ith a 50-hp motor on the 


X-900 configuration, whole unground
 
soyabean extrudes at a rate of about 


10.5 tons/24 hours. 


Thus to produce 85 tons of product 

takes 510 hours extrusion time with the 


cereal grain and soyabean combined, and 


only 357.6 hours ifthey are extruded 

separately. Eighty-five tons of 


extruded product are sufficient to make 


100 tons of gruel using the formula of
 

44% cereal, 41% full-fat soyabean, 

14.5% sugar and 0.5% vitamins and 


minerals. 


We have produced the above product very 


satisfactorily using either the Brady 


crop cooker or the X-900 to extrude the 

soyabean and the X-25 to extrude the 

cereal grain. In 1978 we sold this to 

the U.P. Government for a price of 

Rs. 2.75/kg (@ Rs. 8.10 - $1.00, this 
comes to $.34/kg). Twenty-five kgs of 


product were packed in 400-gauge 

(4-mil) HDP liners inside HDP woven
 

bags. 


B. 	A satisfactory processing alternative 

to the gruel powder described above is 


to extrude only the soyabean and then 


process the cereal grain in some other 


manner. Two possibilities are par-


boiling and roasting. The final 


quality and uniformity of the products 


depend on the quality of theS
 
processes.
 

In India there is a caste of grain
 
parchers in the villages who tradition
ally parch and puff various grains
 
using hot sand. During 1978 we employed
 
this method to roast about 70 tons of
 

wheat for the above formulation. The
 

cost of roasting was approximately the
 

same as extrusion cooking,
 

While this pr6d&uit was satisfactory
 
when used within a three-month period,
 
it was not Lj good or etable as the
 

product made from extruded wheat. Its
 

shortcomings were:
 

1. 	There was considerable variation in
 

the amount of roasting between
 
batches.
 

2. 	There were more chances of contami
nation. However, the product
 
remained within the limits of the
 

bacterial content allowed by the
 

specifications.
 

3. 	The shelf life appeared to be less
 
and the problem of insect contami
nation was greater. However, we
 

were not able to fully establish
 
whether this was due more to the
 

form of processing or to the change
 

in seasons from hot and dry to hot
 

and humid during the time the order
 

was being produced.
 

C. When raw soybean whether full-fat or
 

defatted and cereal grains are combined
 

before extrusion, it is possible that
 
the inactivation of the trypsin inhibi

tor is not to the desired degree. We
 

have found there is more trypsin inhibi

tor present in a given quantity of a
 

snack food using 14% defatted soy with
 

an original NSI of 54% than in the same
 

amount of textured vegetable nrotein
 

which is made 100% from this .,me
 
defatted, or than in extruded tull-fat
 

made from whole raw soyabeans.
 

If the trypsin inhibitor in the soya
 

flour is not properly inactivated and
 

only 10 to 15% is used in a product,
 

there wi.l not be enough trypsin
 
inhibitor to cause problems. However,
 

in a product using 41% soyabean the
 

trypsin inhibitor could be significant,
 
especially when the product is fed in
 

rather large amounts to small children.
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VI. Tu NIADY CROP COOKER AND THE into full-fat granules. For certain
iLNGER X-900 products we find these granules do not
 

have to be further ground.
 
A. Tho Brady crop cooker
 

C. Comparisons of cost
 
The Brady came to us through CARE and
 
G.B. Pant University after it had been The purchase price of the X-900 is sub
used by a firm in Calcutta. The screw staocially more than for the Brady. We
 
was completely worn out and the. faeding 
 als6 found the screws on the X-900 wear
 
mechanism was corroded and out of order, 
 faster than on the Brady. The rebuild

irg of the X-900 screws and heads
 
The Brady has one rather shallow screw requires more skill Lhan for the Brady.
 
which is the full length of the barrgl.

The feed is by a hydraulic-operated The.;output of the X-900 was abou. 430
 
auger. To open the Brady for cleaning kgjhr of full-fat product and of the
 
is a rather complicated and time-
 Brady about 280 kg/hr. In both cases
 
consuming process. 
 a 50-hp motor I/was used, and about
 

60 tons of whole soyabeans were run on
After repair and reconditioning, we 
 the Brady in about two months. More
 
powered the Brady firfit with a 50-hp 
 than 100 tons were run on the X-900 at
 
motor and then xvth a 40-hp motor various times over the past three years.
 
through herringbotte gearz We have now
 
replaced the gears with .lley and Production costs, not counting the
 
V-belts. 
 initial cost of the machine or over-,
 

heads, have come to about*U.S. $22.501/1
The Brady worked well with both power metric ton 
C$0.0225-or Rs. 0.18 per kg)

drive arrangements and with both sizes 
 on the X-900 ar U.S.,$32.70/metril on
 
of motors. For comparison purposes we ($0.0327 or Rs. ).262 per kg) on
 
will consider only the performance Brady.
 
with the 50-hp motor.
 

D. Advantages of each machine
 
It is easy to operate, stabilizes
 
'rather quickly and runs smoothly when The X-900
 
processing whole soyabenns into a full
fat product. 
 high production per hour
 

lower cost of production

B. The X-900 
 easier cleaning
 

more versatile
The X-900, like the Brady, was intended inactivation of trypsin inhibitor
 
to be used for cooking whole soyabeans good (0.05 when measured as
 
on the farm run from a tractor power urease activity)
 
take-off. However, our X-900 is a
 
modified configuration of screws, heads 
 The Brady crop cooker
 
and feeding mechanism which fit the
 
X-25 housing and base and uses the 
 lower initial cost
 
same power source. %. takes about two easier to operate

hours to convert from the X-25 to the 
 less skill required for maintenance
 
X-900 configuration. inactivation of trypsin inhibitor
 

good (0.10 when measured as
 
The barrel of the X-900 is made up of 
 urease activity)
 
several deep flight screws, each about
 
8" long, and the same number of heads VII. BASIC REQUIREMENTS FOR PRODUCTION FACILI
which fit together over them. This TIES HOUSING A LEC
 
results in easier cleaning and dis
mantling of the extruder as compared A. Equipment
 
with the Brady. The feeding is done
 
from a hopper through a syntron which Grain cleaning is essential and can-be
 
drops the beans into an opening in the done by hand or mechanically. Cleaning

barrel. The X-900 takes longer to heat 
 by hand methods proved very satisfac
up and stabilize than the Brady. 
This tory for us. However, as hand-cleaning

is probably due to the greater mass of
 
the barrel of the X-900. 1/ Production on the Bredy while using the 40

hp motor was 230 kg/hr. This'came to 5.75 kg
The X-900 is somewhat more difficult of full-fat per i-hp. With the 50-hp motor we
 
to start up, but it also runs very 
 got 5.60 kg of full-fat per 1-hp.
 
smoothly in processing whole soyabeans
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was done by vwen, we found the 
various goverawrnt regulations regard-

In& employment of women impossible for 
us to comply with and have had to 
install machinery. 


We have had to use both graders 

(scalping) and spiral cleaners to do 

an adequate job. If material is to be 

ground and mixed before extrusion, it 

will be necessary to have a hammer mill, 

paddle mixer and a scale. 


Transportation of the raw material from 

this section to the LEC can be by 

conveyor or manually in bags. 


The processing unit will incluae one or
 
more LECs, a hammer mill for cooked 

product, a paddle mixer for cooked pro-

duct and a scale. If cereal grain is 

to be machine-roasted, this equipment 

could also be included here. A com-

pressor or some sort of blower is very 

helpful for cleaning up the machines. 


If village roasting is to be done, this
 
should be away from this section, prob-

ably in a shed nearby. 


In areas where electricity is not 

reliable (large voltage fluctuations 

and frequent power interruptions), the 

LEC should be run directly off a diesel 

engine. A power interruption of about 

2 seconds will cause the LEC to jam up 

and can require as much as 2- or 2 
hours' clean-up time. 


A complete maintanance shop will 

require a heavy duty lathe with
 
grinding attachment, a flexible shaft 

grinder, a bench grinder, a pedestal 

drill, arc welding equipment, black-

smithy equipment, a shaper, hand 

tools and electrical testing and 

repair tools. 


If a reliable machine shop is available 

very close by, the lathe and shaper can
 
be eliminated, but most of the other 

equipment will be necessary. 


B. Buildings 


The production building or room should 


be rat-proof, bird-proof and screened 

against flies. It should contain only
 
the LECs, milling equipment, mixer for
 
processed or cooked materials, and 

bagging and closing equipment (ifin
 
packings of 20 kg or more). 


The floor should be of some smooth 

material which is easy to clean and 

sloped so that it may be washed.
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There should be an adequate dralo(s), 
along the sides or down the middle of 
the floor. 

If unprocessed soyabeans or cereal
 
grains are to be ground and mixed before
 
procnssing, this must be done either in
 
a different buildin6 or in a room coN
pletely closed off from the production
 
room. The milling and mixing equipment
 
used for this must not be used for
 
milling and mixing processed food.
 

Cleaning of the grains (either mechani
cal or by hand) can be done in this
 
area but preferably should be done in a
 
separate place of its own.
 

Packaging, if in small units of less
 
than 20 kg, should be done in an area
 
isolated from the production unit. This
 
area should provide space for storing of
 
any unpacked processed goods and another
 
space for packed goods. (No material
 
should be stored or kept in the produc
tion area.)
 

Stores include grains for processing,
 
packaging materials and spares. A
 
proper system of stores with adequate
 
storage space is essential. It will
 
probably be necessa:y to purchase
 
materials in rather large quantities in
 

order to insure suiplies. We have to
 
purchase the whole year's soyabean
 
supply in a two-to-three month period,
 
packaging material3 in two-weeks-to
two-months' requirements at a time,
 
and several units af certain spares
 
have to be kept in stock at all times.
 

Unless adequate maintenance facilities
 
are available nearby, it will be neces
sary to have a fairly large room for
 
maintenance to house a lathe and other
 
equipment for making spares and assem
bling equipment. Blacksmithy facilities
 
are necessary. B]acksmithy can be
 
undertaken in an open shed or outdoors.
 

Due to the dust and noise of the factory
 
it is desirable that office space be
 
parl:itioned off. The factory site will
 
need to be enclosed by a wall. In many
 

places a separate water supply will be
 
required. Some lab testing facilities
 
would be ideal and helpful.
 

VII. CONCLUSION
 

At SPRA we feel that LEC's can fulfill an
 

important need in providing low-cost,nutritious
 

foods for both the commercial market and for
 

feeding programs in many Third World countries.
 



The choic, between the Brady cooker and the Anyone attempting a project witha LCwill 
1-900 will depend upon the conditions under have to be very determined and show a great 
which the project Is carried out and what one deal of initiative and imaaination in estb
expects the future of the project to be. lishing and implementing the project. 



The LEC Program In Indoneab 

Atjeng Muchlils
 
Institut Pertanian Bogor
 

Bogor, Indonesia
 

I. BACKGROUND 
 (3 in West Java and one in Central Java).
 
The pilot project is managed by the Insti-


Institut Pertanian Bogor (IPB--its 
 tute and supported by four departments in
 
English name is Bogor Agricultural Universi- IPB, i.e., the Department of Rural Soci
ty) is 
one of the agricultural universities ology and Agricultural Economics; the
 
in Indonesia and consists of 18 departments. Department of Home Economics and Food
 
The three-fold aim of the higher education 
 Science Nutrition; the Department of
 
program of IPB is education, research and Agronomy; and the Department of Agricul
extension. 
The goal of IPB, generally tural Engineering.
 
speaking, is to develop and to modernize the
 
agriculture of Indonesia by providing well-
 IPB and the Cooperative for American
 
trained specialists to conduct research and 
 Relief Everywhere Inc. (CARE) have worked
 
extension activities applying current know-
 together in developing certain supple
ledge of science and technology. This goal mental foods of high nutrient value and in
 
supports the national goal for agriculture, the testing of Brady products since April

i.e., "to develop an integrated effort to 1976. 
 Through this cooperation, IPB has
 
increase production, equalize income distri-
 been able to involve itself in LEC tech
bution and create more employment opportuni- nology and has thus c3ntributed to the

ties for the agricultural sector." Justification for the use of such a tech

nology in the nutritional intervention
 
Nutritional problems in Indonesia still 
 program in Indonesia.
 

exist. They are, mainly, (1) protein and
 
calorie malnutrition; (2) vitamin A deficien- [. TRAINING AND TESTING PROGRAM
 
cy; (3) goitre; and (4) nutritional anemia.
 
These are dominantly affected by the availa-
 Training in Indonesia was held in
 
bility and supply of food-crop production in August 1976. It took about two weeks,

the country. During the Second Five-Year and the instructor was Mr. Ronald E.
 
Development Plan period, (1973-1978), the Tribelhorn, from CSU. 
The trainees were
 
government has successfully increased the two participants from IPB, two from
 
agricultural food-crop production, especially 
 Plantation No. XII , Ltd., Co., (a govern
rice and corn (Table I). However, because ment-controlled estate) and one from CARE
the population has also increased, and owing West Java.
 
to other socioeconomic and political factors,
 
the government had to import rice in the 
 The testing facilities consisted of
 
amount of 2.5 million tons in 1977. Soybean the Brady crop cooker, type 206, powered

production in 1977 was only 0.5 million tons, 
 by a 100-h.p. Caterpillar diesel engine,

and it was imported from foreign countries model 3304 N.A. Power was transmitted
 
in the amount of 0.75 million tons to meet directly by a coupling, and the speed of
 
consumption needs. 
 rotation was reduced by a model T-18-12
 

speed reducer. To grind the materials
IPB is involved in action research and the "Bisley Mill" was used. This is a
 
extension programs to combat nutritional swinging-type of hammer mill, in which,

problems. Its Rural Sociology Research with the finest screen, the whole grain

InstiLute has been implementing a community can be ground into relatively fine
 
nutrition program whose goal is to find the 
 material (-20, +50). This machine is

effective methods of informal education and powered by its own engine diesel of 18 h.p.

extension to improve effectively the nutri
tional 
status of the rural poor inhabi- Mixing was done manually, using boxes.
 
tants. This is a pilot project which imple- Three boxes of about three tons each and
 
ments the results of the 1973 evaluation three boxes with holding capacity of about
 
study on the Applied Nutrition Program, 
 0.25 tons were used. The materials were
 
sponsored by UNICEF/FAO/WHO. This pilot mixed by shovels.
 
project has been underway since 1976 and
 
will be terminated at the end of 1979. The
 
area of the project covered 5 Kabupatens l/
 

1/ Roughly the same as a U.S. county.
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Table I. Rice and Corn Production
 

A. Population, Rice Production and Imported Rice in Indonesia, 1970-1977 l/
 

Rice Rice 

Year 
: Population
: (X million) 

: Production 
: (X million) 

: Consumption 
: (X million) : 

Imported 
Rico 

Tons Tons (X 1000 tons) 

1970 ..................... : -- 13,140 -- 763,481
 
1971 ..................... : 120,149 13,742 -- 541,154
 
1972 ..................... : 123,115 13,505 -- 1,229,537
 
1973 ..................... : 126,068 14,445 -- 1,229,005
 
1974.. .................. : 129,083 15,275 15,079 1,147,512
 
1975 ..................... : 132,110 15,185 15,682 667,386
 
1976 ..................... : 135,190 15,845 16,308 1,505,873
 
1977 ..................... .".138,500 15,900 2/ 16,961 2,400,000
 

1/ Soekarto, S.T. and F. G. Winarno (1978). The Appropriate Technology in the
 
Diversification of the Indonesian Menu. Paper presented at the National Workshop
 
on Food and Nutrition. July 10-14, 1978, Bogor.
 
2/ Prediction.
 

B. Corn production in Indonesia, 1972 - 1976 l/
 

Year> :Production (metric tons)
 

1972............... .. ,.......: 2,254,382.00
 
1973................... ...... . 3,689,802.00
 
1974................... ...... ...... 3,010,781.00
 
1975............. .. . . ... 2,902,887.00
 
1976................. . . 2,551,779.00
 

1/ Winoto Hartoadiprawiro (1978).., The.Utilization of Corn for Human Food in
 
Indonesia. Ibid.
 

C. The utilization of corn in:Indonesia, 1972 1/
 

Utilization Tai Percent (M)
 

Food consumption...... ............. 1,825,740.00 81.70
 
Feed consumption................. .... .21i,876.00 9.40
 
port.. ....... ........ 79,646.00 3.50
 

Seed .................... .......... 127,722.00 5.00

Loss ..... .... ............... ....L 9,16 0 0.4
0''0 9,016.00 :0.40
 

1/ Winoto Martoadiprawiro (1978). op.cit.
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A water application kit supplied water 

from the 800-1. tanks (4.drums, connected 

to each other, of 200-1.): placed 2.5 meters 

above the hopper of the extruder. In this 

way, water just dropped by gravity, 


Weighing was done using a 500-kg plat-

form balance, and there were also provided 

plastic bags of about 50-kg capacity. 


During the training several mixtures of 

cereals and legumes were processed. On the 

last day of the training period, people from 

various institutions were invited to view 

a demonstration of the extruder operation. 

Several expressed interest, including the 

Director of the Plantation No. XII, Ltd., 

Co., and the head of the Food and Nutrition 

Bureau, Ministry of Agriculture.
 

III. IMPLEMENTATION OF THE PROGRAM
 

A. Developing Local Mixtures
 

Rice, corn and cassava are the main 

sources of calories in the food consump-

tion pattern in Indonesia. Therefore, 

the mixtures of rice (70%) + soybean 

(30%); rice polish (70%) + soybean (30%); 

corn (70%) + soybean (30%); and
 
cassava (70%) + soybean (30%) were 

studied. 


All mixtures were easy to extrude, 

except that with the rice polish and 

soybean mixture the temperature of 

extrusion did not reach 300OF (an 

average was only 260-2700 F). Table II 

shows the conditions of extrusion. All 

materials were produced locally: ORBA 

soybean variety, HYV-rice variety and 

local cassava variety (unidentified). 


Proximate analyses were done by the 

Nutrition Research Development Center, 

Ministry of Health, and the results 

indicated that the protein content of 

the cassava and soybean mixture is low, 

as'expected, but that the three others 

are more than 16 per cent. All of the 

mixtures have an energy content of 

nearly 400 calories per 100 grams 

(Table III). 


The rice polish (70%) and soybean 

(30%) mixture was chosen by the Nutri-

tion Intervention Program of IPB for its 

supplemental food program to implement 

the study of informal-education-plus 

approach. Plantation No. XII, Ltd.,
 
Co., used the mixture of corn (70%)and 

soybean (30%) for its food supplement
 
program, thus continuing the program 

started in 1973/74 with assistance by 

CARE. 


Before thoseemixes were used they 
were subjected to taste testing and 
acceptability tests. Three mixtures, 
No's 1, 3, and 4 (Table II) were tested 
as to their scl.aptability by people at 
the plantations. CARE conducted this 
test at three locations in the rubber 
and tea plantation areas, and the 
results showed that all mixes were 
accepted. Testing of the mixture of 
rice polish (70%) and soybean (30%) was 
conducted by the Department of Home 
Economics and Food Nutrition. The test 
was only taste testing, and the result 
indicated that the mixture was a little
 
bit bitter, depending on the freshness
 
of the rice polish (a sample prepared
 
from fresh rice polish tasted good).
 

B. The Use of Supplemental Food
 

l. Rice polish (70%) and soybean (30%)
 

This mixture, needed by the Futri
tion Intervention Program of IPB,
 
is only a small amount, i.e., only
 
9-10 metric tons per year. But
 
this year this project will use
 
about 12 tons of mixture.
 

Important results of this study
 
are:(1) the mixture is fairly
 
acceptable; (2) the cost is very
 
low (U.S. 20 cents per kg), and-
most important--(3) people
 
realized that the mixture is
 
nourishing and can improve their
 
health. Almost all of them said
 
that they want to buy such a mix
ture if it becomes available--an
 
indication that there is a poten
tial market.
 

Calculations made for a future pro
gram (enlarging it to become a
 
nationwide food supplement program)
 
indicate that the installation of
 
a LEC extruder (in this case, a
 
Brady crop cooker, Model 206),
 
complete with pre-and post
extruding facilities for processing
 
a blended food, is feasible; it can
 
serve an area of 8-9 Kabupatens, or
 
almost one province (on the basis
 
of 1,000-1,100 metric tons output
 
per year). And it was also stated
 
that such an installation has the
 
potential to support the national
 
food supplement program.
 

2. Corn (70%)and soybean (30%)
 

To continue the food supplement
 
program, the Plantation No. XII,
 
Ltd., Co., used the Brady installa
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Table II. The Conditions of Extrusion of Local Mixtures 

mitue" Control- Cone- Water Extruder Capacity.-

Mixtures !':.valve clearance:: - addition temperature Capacity 

(scale) (Rotations) : (scale) (OF) i 

Rice 70%, soybean 30% 2.5. 2-3 1.0 300 7.3
 

Rice polish 70%, soybean 30% 2.0, 2 .0 260 7.0
 

Corn 70%, soybean 30% 2'-5' 2 0 325 7.7
 

Cassava 70%, soybean 30% : 2- 2 0. 290 7.4
 

Table III-. -Poxite nayses o oaLMixtUres 

.....................:?. 	 content (proximate) %
....- .;.Nutrient 


Mixtures , .
 

Rice 70%,soybean 30% 


Rice polish 70%, soybean
 

30% : 


Corn 70%, soybean 30% 


Cassava 70%, soybean 30% 


Wat Ash - Protein - . Fat Carbohydrate Cal/100 g. 

6 6 	 2.4 16.6 7.2 67.2 400
 

6.8 	 2.9 16.8 7.2 66.8 398
 

262 9.5 64.7 412
2.617.0 


74 	 32 13.0 8.1 68.3 408
 



tion to process their material. In the 

fourth quarter of 1976 they processed 

45 metric tons and in 1977, 180 metric tons
 
(85 metric tons werea 70% sorghum and 30%
 
soybean blended food); the corn and sorghum 

were provieed through CARE by the AID Food 

for Peace program. 


In 1978 they processed corn (70%) and soy-

bean (30%) blended food in the amount of 

185 metric tons. The corn used was local 

corn (dent corn, HARAPAN variety), but the 

soybeans purchased from the local market 

were called "Americana" and were imported 

from Brazil. This year, 1979, they plan 

to process the same amount of corn and soy-

bean blended food. 


The recipients of the food are laborers and 

their families--about ten thousand people. 

The quantity of blended food distributed to
 
them freely is not fully based on nutri-

tional needs; rather, it is based on the 

director's willingness to increase the 

laborers' wages, since the government 

regulates wages at a very low rate (about 

one U.S. dollar per day only). However, 

observations indicated that the recipients 

accepted the corn and soybean blended food, 

and the program is termed a success by the 

director. 


IV. PROBLEMS AND FUTURE POSSIBILITIES 


It can be seen that LEC technology--

especially its contribution to the nutri-

tion program--is in the beginning stage. 

The next stage is to extend the technology 

so that the decision-makers (Government of 

Indonesia) decide to use it in the national 

nutrition program. 


All possible events were used to pro-

mote LEC technology. The seminar on food 

technology, held June 21-23, 1977, pro-

vided time to discuss the potential use of 

blended foods (rice, corn and soybean 

blends), with the result that such a 

blended food was suggested for use in the 

Nutritional Intervention Program. On
 
July 10-14, 1978, the appropriateness of
 
low-cost extrusion cooking technology was
 
also discussed as one of the topics of the
 
National Workshop on Food and Nutrition
 
(held by the National Institute of Sciences, 

LIPI) where it was termed an appropriate
 
technology to encourage the diversification 

of the Indonesian menu. The third event 

was that of the seminar on extruder-

cookers held on October 23-24, 1978, by the 

National Institute of Chemistry (part of 

the National Institute of Sciences, LIPI) 

to extend the potential use of extruders as 

versatile, simple and hygienic equipment 

for fooj processing, and to discuss the 
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potential of the Brady crop cooker In the
 
Nutrition Intervention Program.
 

One institution which was interested in
 
creating a program to manufacture blended food
 
was the PUSPETA (Farmers! Service Center - a
 

cooperative federation of 35 KUD's in
 
Kabupaten Klaten, Central Java), an entity
 
developed by the Cooperative League of the
 
USA (CLUSA) in order to assist the Directorate
 
General of Cooperatives, Ministry of Commerce
 
of the GOI, to strengthen cooperative institu
tions in Indonesia. Discussions between
 
CLUSA, CARE and IPB were conducted, and a
 
defirite program was initiated -nd has been
 
developing. It is similar to the manufacturing
 
of Thriposha in Sri Lanka--a step--by-step pro
cess towards self-reliance in the implementa
tion of their program.
 

Of special interestLn planning the pro
gram was the utilization of rice polish, since
 
the PUSPETA had a good, big-scale rice mill
 
capable of two tons of polished rice output per
 
hour. With CARE still providing the Brady
 
installation at IPB, and working together with
 
CLUSA, testing was done of 8 mixtures con
sisting of 15-50% rice polish. One of the
 
mixtures consisted of dehulled soybean (25%),
 
cassava flour (20%), whole wheat (10%), rice
 
polish (30%), brown sugar (12%) and salt (0.2%)
 
for v total. of 97.2 percent. The balance of
 
2.8% was allotted to vitamins, minerals and
 
flavor, which were not available during
 
testing. The mixture was found to be very easy
 
to extrude; it used more locally-produced
 
materials; and it was expected to have the best
 
baking quality. It was planned for blending
 
with CSB and WSB to have two kinds of mixtures:
 
(1) "Local Mixture" (40%), CSB (50%) and WSB
 
(10%); and (2) "Local Mixture" (40%), CSB (40%)
 
and WSB (20%). The mixture would be manufac
tured during the first year of the program (the
 
time span 11 5 years to reach a self-supported
 
status). This program needs not only hard
 
effort to make it well planned and successful,
 
but also support from the government and other
 
international institutions.
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The Wonseong County, Korea Project 

Dr. Walter J. Bray
 
Meals For Millions Foundation
 

Santa Monica, California
 

During the first twenty years of its 
 Meanwhile, plans were developing for a
existence the Meals For Millions Foundation was project in Kotea. It was now decided to pro
involved only with the distribution of Multi-
 duce and market highly-nutritious low-cost
 
Purpose Food (MPF), a protein-vitamin-mineral extruded foods, starting with snack foods and
enriched powder food base. By the late 1960's, progressing to weaning foods and powdered food
 
however, it was realized that MPF and other foods bases. 
These activities were to be focussed
 
handed out free to the needy were not in fact 

helping to reduce malnutrition nor improving the 

lot of the poor in the developing countries, 


A search for solutions to a wider range of 

food and nutrition problems led the Foundation
 
to consider ready-to-eat foods, i.e., foods 

which could be made locally from indigenous raw 

materials and tailored to the needs and tastes 

of the consumers. This interest led in turn to 

a consideration of extrusion cooking.
 

In the early part of this decade existing 

extruders presented a number of problems: capi-

tal costs were high, operation was frequently

unstable and many machines did not produce food-

grade products in the desired variety of forms 

and 	shapes. Thus by 1974 Meals For Millions had 

initiated work on an extruder of its own.
 

A grant from U.S. AID in the following year 

made possible comprehensive design and develop
ment work, and a prototype unit was ready by 

1976. This machine and its later improvements 

are 	described in the paper by H. Sterner. 


At this time the Foundation was active in 

Korea and Ecuador and was planning to use ex-

trusion cooking in projects in both countries.
 
The 	potential for this type of cooking seemed 

particularly high in Ecuador, since the use of 

soy 	to enrich foods was a logical extension of 

an existing project to teach farmers to raise
 
soybeans. 


An extruded mixture of soy and rice was 

developed as the base for a strawberry-flavored 

drink. This was to be sold in the city of
 
Guayaquil, and special efforts were to be made 

to reach the poorer children. Unfortunately, 

the 	Foundation was not able to obtain either the 

cooperation of the local government or the sup-

port of a commercial group in this undertaking 

and was obliged to terminate the project in 

mid-1977.
 

on Wonseong County, a rural area about 100 km
 
east of the capital, with a specific target of
 
nutritionally at-risk groups, such as infants,
 
young children, pregnant and lactating women-
about 10,000 people in all.
 

The main objective of the project was to
 
find ways to induce the poorer at-risk members
 
of the community to purchase and consume highly
nutritious foods. Other objectives included:
 

1. Determining whether the manufacture

and sale of these foods could be the
 
basis of a viable business;
 

2. 	Deciding whether the routine consump
tion of highly-nutritious foods would
 
improve nutritional status; and
 

3. 	Evaluating the MFM/KIST extruder in a
 
production situation.
 

--,iTheWonseong County Project was from the
 
verY beginning a joint effort involving Meals
 
For Millions, the Korean Institute of Science
 
and Technology (KIST), ASI, a leading market
 
research firm, nutritionists from Korea Univer
sity and the Korean Government.
 

I will explain this project and its cur
rent status by reviewing the work done by each
 
of these groups.
 

KIST built the extruder and also developed
 
an operating procedure for it. They then went
 
on to develop the basic product formula and
 
studied ways of improving product acceptability.
 

Nutritionists led by Dr. Ju of Korea
 
University conducted several surveys in Won
seong County to establish the need for specific
 
nutrients and to provide baseline data which
 
would permit measuring the impact of the
 
highly-nutritious foods and the concurrent
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nutrition education program. This survey 

included food intake, anthropomorphic measure 

ments of the children and the collection of
 
socio-economic data. It established-the need 

for iron, calcium, vitamin A, riboflavin and
 
ascorbic acid, and hence supplied the nutri-

tional specification for the product.
 

Market research carried out by ASI identi
fied snack foods as a particularly promising 

means of introducing highly nutritious foods
 
and also showed the desirability of selling 

the snacks in individual serving-size bags
 

containing 20 or 40 grams each. ASI also did 


product evaluation studies and acceptability
 
tests. 


The Government of Korea, working through 

the local county authorities, has provided
 
land and buildings for the food manufacturing 

plant and has also agreed to subsidize the
 
product with an annual grant of $65,000. 


In order to raise the nutritional status 

of the local population the county will dis
tribute HN foods to 1,000 of the poorest 

residents. In addition, the local government
 
has assumed joint responsibility with Meals 


For Millions for a comprehensive nutrition
 
This means that MFM nutri-
education program. 


tionists, supported by a substantial grant
 
from U.S.A.I.D./Korea, are training county
 
social workers, teachers and members of the
 
local army reserve, who in turn are educating 


the local population. The program is designed 


to promote awareness of nutritional needs, with 


special emphasis on HN foods, and is regarded 


as an essential component of the overall 


project. 


Concurrently with the above nutrition edu-

cation program and the coordination of the work 


of the participating groups, MFM is setting up 


a non-profit-making company to produce and 

market HN foods and will provide this company 

with technical and managerial assistance 

through 1982, when the project is scheduled to 

end. 


The process used to produce the HN foods 


is outlined in the flow chart, Figure 1.
 
Meala For Millions has bought the required 


now
equipment in the U.S. and Korea, and it is 


being installed. The number of staff needed 

to operate the plant is quite small, as 
can 


be seen from the organizational chart, Figure 2. 


The basic product foixT la is shown in 

Table I. Note that oth-r flavoring ingr"'dients, 


such as peanut or cheese, m:iy replace the -esame 


in order to give variety. Either salt or
 
sugar can be applied to the sur-.j: of Ih. 


snacks in order to improve acceptability, 


Table I. Composition of Snack Food Products
 
-..
 

Corn 68.0% 

Defatted soy flour 20.0% 

Sesame 2.0% 

Oil 4.0% 

Salt 1.0% 

Sugar 4.0% 

Antioxidant 200 mg/Kg 

Calcium 3.75g/Kg 

Iron 200 mg/Kg 

Vitamin A 22,200 IU/Kg 

Vitamin C 665 mg/Kg 

Riboflavin 10.5 mg/Kg 

(Protein Content Approx.18%) 

(Caloric Content 3650 Kcal/Kg) 

The raw material cost of the snackfoods
 

is detailed in Table II, while Table III pre

-sents a general breakdown of the estimated
 

selling cost. Thanks to the government sub

sidy for the project, the breakeven price
 

for the entire operation is expfrcted to be
 
$ 0.07 for a 40-gram bag. The product will be
 

sold to the local shopkeepers at this price,
 
and they in turn will retail them at $0.083
 
a bag, a price which is equal to or lower
 
than that of most of the currently available
 
snackfoods. As sales increase above the
 
figure projected for the first year of opera

tion, costs will naturally decline, and the
 
business can be expected to develop to the
 
point at which it will be viable without the
 
subsidy.
 

Production and test-marketing of snack
 

products is expected to start in March.
 
Marketing will be expanded as rapidly as pos
sible so as to cover the entire county by
 

mid-year and to include institutions by the
 
year's end. As soon as is practical, addi

tional products will be developed to meet the
 

demand for weaning foods and other types of
 
HN foods.
 

Experience gained in the next four years
 

in the Wonseong County Project will make it
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Table XI. Product Raw Material Cost 1/
 

Material Cost 


Corn $.0.318/kg 


Soy 0.688 


Sesame 5.167 


Oil 1.833 


Sugar 1.042 


Salt 0.171 


V+M 3.125 


Bags 0.008 ea 


Boxes 0.260 ea 


1/ Basis: 1.0 kg product. 

*Includes 4.5% losses. 


Corn Defatled Soy 

Cleaner II' 

Doolor
 

Other minor Componeirls Enrober 

Product Cost*
 

$0.2220
 

0.1437
 

0.1079
 

0.0766
 

0.0435 


0.0018
 

0.0327
 

0.2105
 

0.0664 


$0.09053/kg 


MinorCoponenI. 

" er 

eduJtion Mill 

Figure 2. Organizational chart.
 

possible for MFM and the Government of Korea
 

to decide if th, non-profit company should
 
continue production and marketing on a
 
permanent basis. Assuming that the work is
 
successful, MFM will probably also seek to
 
start similar projects in other countries.
 
It is not expected,however, to embark on other
 

programs involving extrusion cooking before
 
1982.
 

In the meantime, MFM hopes to Keep in
 

close touch with other groups working with
 

low-cost extrusion and to share with them the
 
information 	 obtained in Korea. 

-Table IIIv,-Product-.Selling:Cost'. 

:Per.Kg Per 40-g bag 

Ro- ,wMaterials $0.9053 $0.0362 

Mfg expenses, 0.5047 0.0202 

Administrative 
expenses 0.3476 0.0139 

Sales expenses 0.3450 0.0138 

Sxe IVAT/lO%/ 	 0.2083 0.0083 

$2.3109 $0.0924
 

Figure 1. 	 Flow chart for the pro
duction of HILC foods.
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Discussion - Tuesday Afternoon 

Moderator:
 

Mr. Hamis Lukoo
 
Tanzania Food and Nutrition Center
 

Dar es Salaam, Tanzania
 

Hr. Sterner: 


In the evaluation of the Brady crop 

cooker by Colorado State University to find
 
out the abilities of the machine, have there 


been any studies to compare conventional
 
methods of making instant soup and other simi-


lar foods with the extrusion method? 


Dr. Harper: 


We have done a variety of testing to 


determine the capabilities and limitations of 


all these low-cost extruders, but we have done 


very little work dealing with specific product 

applications. In our testing we have pri-


marily looked at what ingredients could be 


extruded under what sets of conditions, how 


well they were cooked and these sorts of 


things. We paid little attention to how they 


would be used in processes, because USDA felt
 

that it was the prerogative of each country 


to develop its own-particular formulations, 

We have done work on extruding peas and edible 


beans. These products are difficult to 


extrude by themselves unless you add some oil 


or a substantial amount of water to them, 


because they are very high in starch content, 


they tend to take up water and they tend to
 

be very difficult to heat and extrude. If 


you add a little soy, as in the case of 


Delbert Clark, then they extrude quite a bit 


easier. 


I have some questions that I wanted to 


ask Robert Nave. First, how would you compare 


what we have been talking about, that is, low-


moisture, low-cost extrusion cookers with the 


Wenger systems in terms of their capabilities 


and limitations? Second, I would like you to 


discuss what you feel is an appropriate size 


of equipment for use by countries not cur-


rently involved in extrusion. How do you get 


started, so to speak, in terms of the differ-


eat types, both high- and low-moisture, of 


extruders available?
 

Hr. Nave:
 

I would wherever possible do the dry 


extrusion. There are some products which I
 
am sure won't work on dry extrusion--at 


least as much as we know about them now--so
 
we will have to use alternative methods. 


Dr. Harper:
 

Can you give us some examples?
 

Mr; Nave:
 

One in particular is textured vegetable
 
protein. I think as far as possible you ought
 

to keep things simple, but all of these we
 
have seen are fairly complicated. The only
 
way I can see to eventually get a simple
 

system is to work with only one kind of pro
duct--say full-fat soy flour--and do it on
 

such a small scale that all of the production
 

could be utilized within a very small area.
 
If you could get something that would work on
 

a 10-h.p. motor and all of the production fron
 

it could be used within a 5-10 mile radius of
 

the place where you produced it, then we
 

really would have something spectacular.
 

At least in India, almost every major
 

state will have somebody with a diesel
 

engine or an electrical motor, and they will
 

have a rice dehusker, a small flour mill and
 

possibly even a sugar cane presser, all of
 

which they attach according to the demand and
 
the season.
 

If we could make a small, easy-to-clean
 

extrusion cooker that could also be plugged
 
into that whole system at the time when the
 

people want to get their beans cooked, they
 
could then try to produce the full-fat soy
 

flour for baby foods and for general use in
 

the home kitchen, as well as for animal feeds
 

I think you would really have something then.
 

It would have to be something that could
 

tolerate the power failures I mentioned. We
 

have lots of them, and when you get into the
 

villagbs, even more. You have to have some

thing that you can open very, very easily.
 

The Wenger idea on the bigger machine of a
 

split barrel may be the direction which
 
extruder design should pursue.
 

Dr. Harper:
 

What equipment is appropriate for people
 

starting in this business?
 

Mr. Nave:
 

I think most countries should stick to
 
whatever is available and should buy the
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equipment tht has proven itself. I think the 
alsoe we arn talking about here--your 900, the 
Insta-Pro and the Brady--are all right in 
terms of size and production. This one they 
are using in Korea may also be all right. I 
think we know enough about extrusion cooking 
now that we need to evaluate each situation 
before coming up vith an answer. I don't 
think any of us kiew much about extrusion 

in 1971, and we made a provision for every 

eventuality--which increased our costs 

Lremendously in setting up. For our X-25, 

we have five different shops, all with dif-

ferent possibilities, because we didn't know 

which would go. Now we could cut it down to 

two shops and maybe even one. You need to 

evaluate what you are doing and to think in 

terms of what the potential market is. In 0 

India, for example, we have so many million'r.-

in our state along there are 100 million--that 

we must think a little bit differently.
 

Dr. Harper: 


I was attempting in my paper yesterday to 

look at some of the relative economic factors 

such as operating costs and capital costs. 

You can say that wet extrusion systems basi-

cally have more flexibility but that they 

have higher initial capital costs and have 

more operating parameters compared to the low-

cost system--it is a relative thing. 


Mr. Nave: 


If you want flexibility, then the Wenger/ 

Insta-Pro system meshin1g together gives you 

tremendous flexibility--probably, in fact, the 

maximum flexibility. The larger Wenger 

machines are not so flexible as the X-25, and 

if you know exactly what products you want to 

make, you might be better off with a series of 

that size than with a series of bigger 

machines. This is the thing you have to 

evaluate. 


Dr. Harper: 


I came to that same conclusion, and I 

was just wondering if you agreed. Could you
 
talk briefly about costs versus operating 

costs with these extruders? My analysis 

showed that there are significant differences 

in capital requirements, but that if you 

bought large-scalL equipment and uued it well, 

then the capital costs wouldn't make that much 

difference. Of course, if somebody is 

starting out without knowing the size of the 

market or what he is doing, and he buys a
 
very large, complex extruder which is not used 

to the fullest extent, he has a real capital 

nightmare. So I felt there was good reason to 

start relatively simple and small to gain that 

experience. Then perhaps as products and 

markets developed, there would be a chance to 


re-evaluate some of those inttal assu2ptive.
 

Mr. Nave:
 

I think that if you are going into a re'it
dve* full-scale production and you have a
 
pretty good idea of how to go, then your capi,
 
tal costs are really not your main problem-
aside from getting that loan or whatever is
 
involved in raising the capital. In terms of
 
total cost, it is not your major problem--it
 
is your operating costs, wastage, poor main
tenance and lack of managerial skills. Thes
 
are the places where you run into cost prob
lees--not because you had to spend a few hun
drea thousand to begin with. In terms of the
 
p'-ount of production you have, it's a rela
tively small amount. But you're dealing with
 
such large quantitites of expensive commodi
ties which can depreciate so badly.
 

We've had the experience of buying up
 
stuff and then running into some sort of
 
management or technical problem; we had a
 
pile of grain sitting there, too big to pu
 
inside our housing, the monsoon t.me, and ie
 
had a loss. This is the kind of thing thaf
 
causes you problems. Or, it didn't work ou
 
quite the way you wanted, so you ended up
 
with a lot of rat and insect infestation..
 
These are much more seriouv cost problems;
 
than your initial investment.
 

Mr. Crowley:
 

Perhaps it should be made clear that the
 
costs of systems vary a great deal with
 
capacity. If you put in a large extruder
 
system in a factory to manufacture foods,
 
say you want an output of about 10,000 tons,
 
it would require a capital investment of
 
something like a million dollars, whereas if
 
you want to have an output of 1,000 tons per
 
year, the invcstment is something like
 
$100,000. AKd to have a large plant opera
ting at 10% of capacity puts just an enormous
 
burden on your product.
 

Mr. Nave:
 

I was assuming that that part was already
 
accepted. Yes, you've got to have your mar
gin, you've got to know what you're trying to
 
do. Once you're doing it, it isn't a capital
 
problem. If you have much too big a plant
 
for what you need, then you've got lots of
 
problems. Your plant should be bigger than
 
your ability to sell your products.
 

We find that for every shift we operate,
 
we get about a 40% decrease in our overhead.
 
So running three shifts is a whale of a lot
 
cheaper than running two or one. And our
 
production tends to go up. When we're
 
running three shifts, and everything is
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running the way it is supposed to, we don't 

close down for 6 days. There's no start-up and 

close-down, and we save a tremendous amount of 

material that way. I would prefnr to take a 

plant and run it 2 days, three shifts, and then 

keep it closed the rest of the time, because 

you would save so much more material. There 

are labor laws which make that almost impos-

sible to do, at least in India. 


Mr. Crowley: 


But again, the primary point from the 

standpoint of the U.S. government's interests 

in these small extruders is that there are 

many situations where you don't have the need 

for production of very large amounts, and 

you don't have a population of a hundred 

million to whom you distribute the products, 


Mr. Nave: 


Let me say that the more I hear and 

experience, the more I think that something 

running on about 10 hp. would be a much 

better thing to develop--twenty maximum, but 

ten more ideally. We really ought to get in 

and help the people at the village level, 


Mr. Bleyer: 


I have the problem that people are not 

accustomed to eating these foods, no matter 

how attractive or cheap they are. Who will 

help then grow accustomed? Who will go to the 

people to teach them to use these foods? I
 
want to sell the food, but you leave it at the 

store, then you go again and they haven't sold
 
it--you have that kind of a problem. 


Mr. Nave: 


The first year that we produced we had 

difficulty selling the three tons of product
 
for almost nine months, and we delivered 

packages--2 packages, 4 'packages and 6 pack
ages here and there. We tried to give away 

textured vegetable protein and the people 

wouldn't take it, so we know what you're 

talking about. We re-evaluated the ihole 

thing, and we said that first you have to 

gain a certain amount of prestige for your 

product and the concept--and here I'm talking
 
primarily about textured vegetable protein, 

because it was an absolutely new thing. You
 
know, if you make a new biscuit or something 

like that, everyone knows how to eat it, but 

nobody knew how to use textured vegetable pro-

tein, because that was a completely new con
cept. Finally we went to the biggest store in 

Delhi, in the most important place, we
 
enlisted a friend of the proprietor, and we 

forced him to take our product--he just
 
couldn't say "no" to his friend. Then we
 
persuaded him to give us some of his store
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space, and we put our people there to'demon
stiate the uses of textured vegetable protein.
 
Then we proceeded from there to oLher stores.
 
We tried to find stores wherG there was a
 
women's club or some sort of a cooperative
 
organization where people got together, and we
 
got one or Z"o good men to give demonstrations
 
nnd to sell the product at that point and then
 
say we were going to put it in such-and-such
 
store. This way, we got a very slow growth,

and we got up to about 20-to-25 tons a month,
 
and then we sort of moved from there. At that
 
time we were packaging in plastic bags--we
 
used both high- and low-density bags--but the
 
product punctured holes in it, and it looked
 
bad after a while. Then we went to a paper
 
box around the plastic bag, and that improved
 
it some. Then about 2 years ago, we went to
 
another system, that of a laminated bag inside
 
a box. It was a little more expensive, and
 
as soon as we got better packaging, business
 
and sales just got completely out of control.
 
We had no advertising budget. This was done
 
by the Methodist Church. There were no
 
recipes available; the first recipes were
 
developed by my wife and me in our kitchen.
 
We wrote them up, and these are what were
 
used for the demonstrations. It's not an
 
easy process, but it is possible. And if
 
you're talking about a population of
 
5,000,000, and you're working with a Wenger,

you're going to have to make several different
 
products; otherwise, you won't be using it to
 
its full capacity and it will be very expen
sive.
 

Dr. Nichols:
 

When you improved the package, did you
 
find that you had to change the price? You
 
did raise the price. By what percentage of
 
retail would you say it went up because of
 
the package change?
 

Mr. Nave:
 

I suppose that the increase we made was
 
about .0%--you wouldn't have had to make it
 
quite that much, but there were other factors
 
involved. I suppose that two or three per
 
cent was the direct result of the package
 
change.
 

Dr. Nichols:
 

But you're saying that you increased the
 
price, and the package was changed, and sales
 
went up?
 

Mr. Nave:
 

Yes.
 



The LEC Program In Korea 

Hong Sik Cheigh 1/
Food Grain Technology Laboratory

Korea Institute of Science and Technology
 

Seoul, Korea
 

INTRODUCTION 


Extrusion cooking is 
now practiced widely
in the production of snack foods, blended foods,
textured vegetable protein and inactivation 

of enzymes (Crowley, 1976). 
 The Korean Insti-

tute of Science and Technology (KIST) has had
several years of experience in the development
of a high-nutrition low-cost (HNLC) food util-
izing barley-soybean-sesame (BSS) and corn-
soybean-sesame (CSS) compositions through the
extrusion process. 
KIST also has fabricated 

a low-cost food extruder which was originally
designed by Meals for Millions Foundation 

(MFM), U.S.A., in relation to Wonseong County
Comprehensive Nutrition Program in Korea

(Cheigh et 
al., i78). KIST operated the
MFM-KIST extruder for test production of HNLC

food products and had some experience in the 

intensive research and development of low-cost
extrustion cooker (LEC) systems. 
Additionally,
experimental trials on the pre-cooking of

cereal for the pasta product using the MFM-
KIST extruder were conducted in cooperation 

with the technical staffs of the Institutu

de Investigaciones Technologicas (lIT),
Colombia, at KIST. 
Also, trials on the 

stabilization of rice bran were performed with
both the MFM-KIST extruder and a Bonnot Lab-
oratory extruder which was installed at KIST.' 


THE WONSEONGCOUNTYCOMPREHENSIVENUTRITION 

PROGRAM IN KOREA 


South Korea, over which the Republic of
Korea now exercises jurisdiction, is 98,477.
square kilometers in area, which represents

43 per cent of the whole area of the Korean

peninsula. Agrarian land in South Korea is
some 20 per cent of the total area. The

population of 36 million lives mainly on
cereal grains such as rice and barley. Per
capita daily supply of the total calories,

protein and fat has steadily increased in the
past years. Although the 1976 supply of

calories and protein in Korea was not compar-

able to the level of advanced western count-

ries, in Asia it was on 
the upper level at
 

_ 

Dr. Cheigh was unable to attend the workshop 

but submitted his paper fvr inclusion in these
proceedings, 
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least quantitatively. Koreans rely on vegetable sources 
for the supply of nutrients, that
is, 94 per cent of calories and 83 per cent of
protein, and this necessitates qualitative improvement of Korean diets (MAF-Korea/FAO-Korea,
 
1977).
 

The Wonseong County Comprehensive Nutrition Program started as a field demonstration
 
in 1976 to overcome this nutritional problem.
The goal of the Wonseong County Project, supported by Korean local government and MFM, is
to assist Wonseong County, Gangwon Province of
Korea, in promoting better physical and mental
health of 10,000 preschool children and expectant and nursing women. 
This was to 
be accom
plished by experimenting with and manufac
turing a product of high nutrition at a low
 
cost, using local raw materials.
 

As an essential portion of the Wonseong
County Project, KIST had a responsibility to
provide food technological inputs to the formulationand production system of HNLC foods.
 

THE MFM-KIST EXTRUDER
 

MFM and KIST adapted a low-cost extrusion
cooker (LEC) system for the production of HNLC
 
foods for the Wonseong County project. 
MFM
provided a draft design of the extruder, and
KIST modified it and prepared a detaileddesign

for its fabrication, which was done at the KIST
machine shop. 
The MFM-KIST extruder is de
signed mainly for gelatinizing starch and expanding cereals. 
 It is a 1 -inch singlescrew unit, and the screw has constant pitch.

It is driven by a 30-Hp motor whose speed can
be changed with a 3-speed gear box. 
The
barrel is divided into three sections without
 any cooling or heating jackets. The inner
faces of the barrel have four ribs that run
parallel to the longitudinal axis of the barrel. 
The MFM-KIST extruder is capable of producing up to 100kg of product per hour. 
 Detailed specifications of the machine are shown
 
in Table I.
 

Any cereal could be used as a raw 
materl.,

if it has a moisture content of around 13 percent as a minimum.aextruder through feeding systemThe material is fed to the
with variable 

speed. tr afeineyted ith

etde 

The water can be injected into the e
 



material in the extruder barrel. The wet, 

heated material mass passes through the die, 

where it gets extruded and expanded (Cheigh 

et a1., 1978). 


The MFM-KIST extruder is mechanically 

simple and easy to operate and maintain (Anon, 

1977). The extruded product could b-e use-. 

as a snack food or as a porridge base aftet 

milling. 


DEVELOPMENT OF HIGH-NUTRITION LOW-COST (HNLC) 


FOOD WITH A LEC SYSTEM FOR THE WONSEONG COUNTY 


PROGP M
 

Preliminary formulation of HNLC foods for 

the Wonseong C ity project was made on the 

basis of barley-soybean-sesame composition
 
(BSS) and corn-soybean-sesame composition 

(CSS). The barley has been a popular grain 

in the Korean diet for a long time and is 

produced as the second largest crop in Korea. 

Barley and corn were considered as a sourceof 

energy in BSS and CSS composition. The soy-

bean is the only crop in Korea which can
raise protein content and improve protein 

qaityprofe 
orentcn aftreroin 

Addition of sesame as a source of methionine 


Addiionofesae a a oure o mehioine 

and tryptophan would correct to some extent 
y of the e to am no cid 

the deficiency of these two amino acids inmain

CSS and BSS composition. (Sesame is an 

acceptable food ingredient to the Korean.) 

The level of protein content in the formula 

ranged from 17 to 21 per cent and the product 

is expected to provide 330 to 373 Cal per 

100g. And special consideration of forti-

fication with vitamins and minerals was also 

given to the formulas, 


the efi ien incorn 


Trials for the test production of pro-

posed formulas uoing the MFM-KIST extruder 

are summarized in Table II. Products from 

formula CSS-l, CSS-3 and BSS-4 were accept-

,able in terms of machine performance and 

.product quality.
 

Proximate composition, mineral and vit-

amin values of the products are shown in
h
Table IM Protein contents of the productsa 


are around 18 per cent, and they have reason-

able contents of minerals and vitamins. The 

amino acid composition of the product is
 
shown in Table IV. It was considered that

the contents of lysine in formulas CSS-3
thef lyineinontets frmuas CS-3ground

and BSS-4 were relatively higher than corn
or barley alone. In animal feeding experi-

nentatlon, protein efficiency ratios 
(PER's)

of the proposed formulas are given in Table 

of the propsedr, forus re genrodusT e
V. In general, PER's for,the products were 

significantly higher than that for barley only. 

PER values suggested that the proposed product
should be adequate in protein quality for 

shoud te ageate inro inWonsuona nty.
feeding the target group in Wonsong County. 


Table VI shows the results of sensory
 
evaluations by scoring differences for flavor,
 
taste, texture and color of BS-l, BSS-4, CSS-l
 
and CSS-3 formulas. Generally, the CSS formu
las showed better scores than the BS or BSS
 
formulas in flavor, taste and texture. However,
 
there were no significant differences betweea
 
CSS formulas. Also, BS-1 was not significantly
 
different from BSS-4. All products had sim
ilar taste and aroma, and cooked soybean taste
 
was found as aftertaste. Trials for organolep
tic quality improvement and storage stability
 
tests were conducted, and then minor modifica

tion was done for each formula (Cheigh at. al.,
 
1978).
 

PARTIAL COOKING OF RICE AND CORN FOR A PASTA
 
PRODUCT WITH THE MFM-KIST EXTRUDER
 

In general, pasta products are produced
 
from durum semolina. In some countries where
 
durum wheat is not locally grown, common wheat
 
semolina is usually used for pasta products.
 
lIT of Colombia has considerable experience in
 
the formulation of pasta production with con
te for . Th rsa r suto fit iposite flour. The research results of lit in

dicate that rice, corn and soybean hold good

promise for partial substitution of wheat semolina in pasta production. However, rice and
 
cin ista prtion. Hoeer e and
must be partially pre-cooked before use
 

as a s itt reseat semolina. the ex
concept of lIT's research is to adapt the ex
trusion technology for the pre-cooking of rice
 
and corn and to use the extrusion cooker for
 
the unified pasta production process.
 

Two technical teams of lIT visited KIST
 
and participated in feasibility studies of
 
utilizing the MFM-KIST extruder for the pre
conking of rice and corn. Twenty-kg samples
 
of yellow corn, regular corn and rice flour
 
extruded at about 500, 68' and 80*C were pro
duced and evaluated by measuring the dextrose
 
index and viscoamylography for the determina
tion of degree of modification.
 

Results show a proper degree of modifica

tion, as the dextrose index values are lower
 
than 50 and the viscosity values of extruded
materials are lower than those of the raw
 
materials. It was considered that the charac
teristics of partially-cooked flours could be
 
suitable for pasta production.
 

The samples of pre-cooked cereals were
 
to pass 60-mesh and mixed with defatted
 

gou o ass 6esh a i th drfotted
soy flour and wheat semol~na in the proportions
 
of 50 per cent pre-cooked cereal, 25 per cent
 
soy and 25 per cent wheat semolina. The mixes
 
were kneaded and the resulting dough was extruded to obtain spaghetti-type pastas. The
 
behavior of the mixes during the dough pre

paration and pasta extrusion operation was
 
very good, especially in the case of rice.
The cooking characteristics of the final pasta
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products made of regular wheat semolina and 

composite flours showed that the pasta ob-

tained from extrusion-cooked products is 

rather similar to regular wheat semolina 

pasta. These results show that the MFM-

KIST extruder is versatile enough to pro-

duce low degrees of pre-cooking and that 

the 	extruded products have acceptable char
acteristics for their use in composite flour 

pastas (De Buckle et al., 1978).
 

EXPERIMENTS ON RICE BRAN STABILIZATION BY 


THE 	EXTRUSION PROCESS 


Rice bran, a by-product of rice milling, 

contains about 18 per cent lipids and yields

about 16-17 per cent oil when fresh bran is 


During the storage of bran, howextracted. 

ever, the lipids in the bran are rapidly hydro-

lyzed by lipase which is present in the bran. 

This hydrolysis results in poor extraction 

rate of oil and poor quality of the product.
 

It is expected that the extrusion pro-

cess could be used to inactivate the lipase 

and to modify the physical properties of the 

rice bran so as to minimize the problems en-

countered in the solvent extraction of oil. 


Rice bran was extruded with the two types 

of extruders--the Bonnot and MFM-KIST extru-

ders--according to given conditions as shown 

in Table VII. This shows differencesdue to 

extruder, temperature and retention time. 

When treated at temperatures higher than 1300 

C and without addition of water, the residual 

peroxidase activity was less than 23 per cent 

of the initial activity. We know that high 

moisture levels (over 20 per cent) in bran 

are essential for the treatment of enzyme 

inactivation; however, we were looking for 

any possibility for the inactivation with-

out wet treatment before extrusion. 


The stabilized rice bran was stored in
 
cotton cloth bags under conditions of 30*C 

and 87 per cent relative humidity for 5 weeks.
 
Figure 1 shows free fatty acid changes in raw 

and extruded bran during storage. The effect 

of extrusion on free fatty acid development
 
in brar is significant. These results suggest 

that the MFM-KIST extruder could be used in 

stablization of rice bran, but at the same 

time they demonstrate the need for modifica-

tion of the prototype design which can be 

economically attached to the local rice
 
mills (Cheigh and Kim, 1978). 


R Pand 

FUTURE PROGRAM 


KIST has had several years of experience 

in the technology of cooking extruder systems, 

and we have observed that the MFM-KIST extruder 
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has much potential to process the HNLC foods.
 
from a variety of ingredients, to modify the
 
characteristics of cereal for pasta products
 
and to stabilize the rice bran-lipase.
 

Future programs utilizing extruders at
 
KIST are briefly outlined as follows:
 

1. 	KIST extruder fabrication
 

We are developing a KIST-designed and
 
fabricated extruder,which is a rela
tivelysimple one with high capacity,
 
for local food producers. This extru
der is being developed for the manufac
ture of high-nutrition (and high-cost)

snack-type foods. We expect the extru
der to be commercially available by

the 	end of 1979.
 

2. 	Development of an extrusion process
 
and a low-cost extruder for rice bran
 
stabilization
 

We have a three-year (1978-1980) re
search project on the development and
 
utilization of the extrusion process
 
and low-cost extruders for rice bran
oil stabilization at the site of local
 
mills. As stated above, extrusion
 

technology could be used to inactivate
 
the lipase and to modify the physical

properties of the rice bran so as to
 
minimize the problems encountered in
 
the solvent extraction of oil. The
 
pw;pose of this project is to improve
 
the utilization efficiency of rice
 
bran, which is the most abundant po
tentialsource of oil in Korea, through
 
(1) development of techniques for
 
stabilization of rice bran by the
 
extrusion process, and (2) development
 
of a low-cost extruder which can be
 
economically attached to the local
 
rice mills.
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Table I. Specification of MFM-KIST Extruder 0 

ab 

Main motor : 1,750rpm, 22KW, 30HP 

Feeder motor : 1,710rpm, 1.5KW, 2HP 49 

Supply power : ar 220V, 3phase, 60HZ Z! 

Variable drive : (1) 1:11.5 ratio 20f 

(2) 1:6.5 ratio 

(3)1:4.0 ratio 

Screw shaft speed: (1)150rpm0 

(2),273rpm 

(3) 430rpmO0 i 2 3 4 5 
Diameter of screw: 2 .inch. Storage Period (weeks) 

Maximum production 
capacity rated : 80-100kg/hr 

Length 

Width 

: 

: 

200cm 
-
200cm 

Figure, Effect of extrusion temperature 
on free fatty acid development
in rice bran during storage at 

Height : 190cm 300 C and 87% humidity. 

Table II. Trials for Test Production''of Proposed Formulas with MFM-KIST Extruder
 

Machine -Product
 
FormulaL Composition(%)* Performance Quality
 

BS-1 	 Barley (70) Smooth' Slightly expanc
 
Defatted soy (28) Good flavor
 
Other (2)
 

BSS1-1 	 Barley (72) Fluctuating Small flakes 
Full-fat soy (18) load- Beany flavor 
Sesame (2) 
Others (8) 

BSS-2 	 Barleyr(56) Not smooth Well expanded
 
Defatted soy (28) Good flavor
 
Sesame (2)
 
Others (14)
 

BSS-3 	 Barley (63) Not smooth Small flakes
 
Full-fat soy (27) Beany flavor
 
Sesame (2)
 
Others (8)
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_____________________ 

Table II. 	Trials for Test Production of Proposed Formulas with MPM-KIST Extruder (contimued), 

Formula Composition(%)* 


BSS-4 	 Barley (65) 

Defatted soy (25) 

Sesame (2)
 
Others (8)
 

CSS-1 Corn (55) 

Defatted soy (29) 

Sesame (2)
 
Others (14)
 

CSS-2 Corn (63) 

Full-Fat soy (27) 

Sesame (2)
 
Others (8)
 

CSS-3 Corn (65) , 


Defatted soy'(25) 

Sesame (2)
 
Others (8)
 

Machine 

Performance 


Smooth 


Smooth 


Fluctuating 

load 


Smooth 


Product
 
Quality
 

Well expanded
 
Good flavor
 

Well expanded
 
Good flavor
 

Small flakes
 
Beany flavor
 

Well expanded
 
Good flavor
 

Table IV. Amino Acid Composition of
 
Formulas
Productsoposed 


CSS;-3--

Moisture (%) 
Carbohydrate(2) 68.76 
Protein. (%) 17.99": 

Fat (2) 274 

Ash ( ) :4.3.21 

Ca(mg/100 g) j32.5 

Fe (mg/loo g) 4.7 

-A (lU/g) 53" 

V-B1 (pg/g) 1.7 

V-B2 (g/g) 6.2, 

Uiacin (jg/g) 85 

*Others include corn oil, sucrose, vitamin and mineral.
 

Table III. Chemical Composition of Proposed 


BS4 

6.68 
67.9 


18.32 


2.89 


348.4 


5.75 


30: 


1.7 


5.1 


49 


Amino acid 

Lysine 


Histidine 


Arginine 


Aspartic acid 


Threonine 


Serine 


Glutamic acid 


Proline 


Glycine 


Alanine 


Cysteine* 


Valine 


Methionine 


Isoleucine 


Lucine 


Tyrosine 


Phenylalanine 


CSS-3 BSS-4
 

0.941 0.879
 

0.478 0.431
 

1.050 1.064
 

1.723 1.978
 

0.785 0.757
 

1.062 0.995
 

3.979 4.318
 

1.206 1.670
 

.0.773 0.822
 

1.083 0.902
 

- -

0.809 0.887
 

0.240 0.235
 

0.707 0.762
 

1.721 1.531
 

0.534 0.663
 

0.912 1.041
 
*Cysteine, cystine and hydroxyprollne were not
 
determined precisely.
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Table V. 	Protein Efficiency Ratio (PER) of 

Proposed Products 


Products Weight gain* PER Adjusted 

(g) P PER**
 

Barley only 52.4 2.1810.17*** 1.51 


CSS-1' 59.8 3.37±0.10 2.33 


CSS-3 
 59.2 3.41±0.11 2.36 

CSS-4 
 62.1 3.640.10 
 2.53 


* 14 days 	weight gain 
** PER x 2.5/PER for casein 


*** Mean Standard error
 

Table VI. Results of Sensory Evaldationof 

Products* 


BS-1 BSS-4 CSS-l, CSS-3 


Flavor 3.6 3.7 2.9 3.0
 
Taste 3.8 3.3 
 2.4 2.6
 

Texture 3.6 3.4 
 2.6 2.4
 
Color 4.3 3.9 
 2.8 2.1
 

*Scoring was based on a 6-point system (ex
cellent: 
 1 point; very bad: 6 points), and
 
the score of products bound with a line
 
means there is no significant difference
 
between them at the 1-percent level.
 

Table VII. 
 Effect of Extrusion Temperature
 
and Retention Time on Moisture
 
Content and Residual Peroridase
 

Activity of Extruded RiVe Bran
 

Treatmer.*
 
Equipment-
 Residual**
 
Temp (C) Time(sec) Moisture(%) Activity(%)
 

Control 
 - 11.1 100 
B-121 
 18 9.2 45.1
 

B-138 14 
 8.5 23.1
 
B-155 18 
 7.0 3.1
 

MK-130 18 
 8.1 20.8
 

* 1. Without moisture addition 
2. 	B : Bonnot-Laboratory extruder
 

MK: MFM-KIST extruder
 
3. 	Temperature at the end of barrel.
 

**Peroxidase activity.
 

Dryer, enrober and packaging machine at KIST.
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Nutritional Aspects of the LEC Program at Colo:ado State WNersity 

Dr. G. Richard Jansen
 
Department of Food Science and Nutrition
 

Colorado State University
 
Fort Collins, Colorado 80523
 

From a nutritional. perspective, the Low-

Cost Extrusion Cooker (LEC) Program at Colorado 

State University has two major components.

These are: (1) nutritional evaluation of extru-

ded products, and (2) nutritional specifications

for extruded products. 


The overall objective of the LEC program is 

to use a relatively simple technology and 

indigenous food crops to provide low-cost nutri-

tious foods, and to introduce the resulting foods 

into child or maternal feeding programs with the 

intention of achieving a nutritional impact.

This impact includes reducing the mortality and 

morbidity and increasing the growth and well
being of pre-school children. 


Since the first conference at Colorado State 

University several years ago, our work has 

emphasized corn/soy blend and full-fat soy flour, 

since these represent the major food products 

currently being extruded at a number of produc-

tion sites around the world. In this paper, some 

of the nutritional evaluation work we have 

carried out on corn/soy blend and full-fat soy 

flour will be presented, along with the results
 
of several studies with cereal/cottonseed blends. 

Then, the nutritional specifications for Title II 

blended foods will be reviewed in the light of 

current nutritional knowledge and from the per-

spective of the LEG program. Finally, product

evaluation services available at Colorado State 

University will be outlined. 


I. NUTRITIONAL EVALUATION OF LEC FOODS 


A. Pre-clinical Evaluation of CSB 


Corn/soy blend (CSB) has been an 

accepted blended food distributed under 

PL 480 for a number of years. According to 

guidelines for clinical testing of supple-

mental foods intended for feeding pre-school 

children established by the Protein-Calorie 

Advisory Group (PAG) of the United Nations, 

CSB made on a low-cost extrusion cooker (LEC)

would not require clinical testing beyond 

tolerance and acceptability testing. How-

ever, even though only animal testing would 

be sufficient, we desired to have CSB made on 

a LEC receive a thorough clinical evaluation, 

since it is the basic blended food currently 

being made at a number of LEC sites around 

the world. 


Three samples of CSB (70% corn, 30% soy)
 
were made using a Brady extruder #206 at 1630C.
 
These blends were: (1) degermei corn and
 
dehulled soy, (2) whole corn and dehulled soy,

and (3) whole corn and whole soy. 
All blends
 
were fortified after extrusion with 3.1% vita
min and antioxidant premix and 2.7. mineral
 
premix as specified by the USDA for Title II
 
blended foods. 
 The results of the pre-clinical

evaluation will be presented in this paper.
 
These samples were then sent to Dr. George

Graham for clinical evaluation in his metabolic
 
unit in Peru. The final report of Dr. Graham's
 
evaluation is not yet available.
 

Proximate analysis data for the three
 
blends are summarized in Table I. All met

Title II specifications for protein and fat,
 
and only the whole corn/whole soy blend
 
exceeded the specification of 2.0% fiber. One
 
of'the significant nutritional advantages of
 
usin whole corn is the additional fat, but
 
this has to be balanced against the increased
 
fiber level. 
 These issues will be addressed
 
later in this paper.
 

The results of a four-week rat growth
 
evaluation are summarized in Table II. Con
firming earlier work, all three blends resulted
 
in protein efficiency ratios (PER's) equal to
 
or better than that of reference casein.. The
 
exceptionally-high corrected PER of 2.91
 

i obtained with the whole corn/dehulled soy blend
 
is likely to be a result of increased palata
bility as well as a somewhat improved amino
 
acid pattern. However, the differences in

quality seen in Table II 
are of no real conse
quence for human nutrition. They all at least
 
are equal to casein in protein quality for the
 
rat. The protein values of these blends for
 
pre-school children will relate more to differ
ences in digestibility in the child than to
 
amino acid composition per se. The pre-clini
cal evaluation would suggest that from a
 
protein quality standpoint, all three products

should be satisfactory for feeding human popu
lations including children. Although all pro
ducts are well below the PAG specification of
 
5.0% fiber for supplemental foods, it is not
 
yet clear how much and what type of fiber
 
would be acceptable for feeding young children.
 
Until this point is clarified, it will be
 
desirable to dehull both the corn and the soy
beans for blended foods intended to be used as
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'Tble K. Cheical Analysis of Corn/Soy Blends 1/ 
Degermed corn 
 Whole corn:! ' Whole corn
 

Properties dehulled soy dehulled soy whole soy
 

Moisture - % 2.8 3.3 
 3.6
 

Fat-
 : 6.8 9.2 
 8.6
 

Protein - Z 2/ .
 17.0 18.6 
 17.8 

Ash -% 4.2 
 5.1 
 5.1
 

Fiber 
. 0.8 1.9 2.3 

Carbohydrate - Z 3/ : 68.4 
 61.9 
 62.6
 

Nitrogen Solubility - % 6.44.8 
 6.7
 

1/ All blends corn/soy (70/30) extruded at 1630 C with Brady.
 
2/ N x 6.25.
 
j/ By difference.
 

Table II. ,Rat Growth Evaluation',of Corn/Soy Blenids: (4'
,weeks',growth) L 

Sample Description, : Weight:'gain (g).-: 
 PER 1'Corrected PER 2/
 

Degerme cornldehulled-soy170/30.. 
 .
 
1630C Brady 
 129.9 4 6.4 3/ 
 3.02 +.06 2.63 + ,.05
 

Whole corn/dehulled soy, 70/30 -,1630 C'Brady . . : 150.1+ 3.6 3.34+.06 2.91+ .05 

Whole corn/whole soy 70/30,! 
'1630C'Brady, D137.5- 5.6 3.04,+ :.08 2.46 + .07 

ANRC Casein 
 : 111.4,+.2 2.88 + .09 2.50
 

1/ Protein efficiency ratio equals weight -gain-(g);Y/'protein consumed (g).

2/ Corrected relative to Casein ='2.50. ";'
 
3/ Mean,+ Standard Error.
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weaning foods. Addition of dry milk to 

extruded corn/soy blends will improve the 

protein value of the final product, although 

such addition does not appear to be necessary 

from a nutritional standpoint. 


B. Evaluation of Cottonseed and Chickpea Blends 


Several experiments were carried out to 

explore the capability of a LEC to produce 

blended foods from cereal-cottonseed blends. 

In the first experiment, blends of corn with 

glanded cotton2eed and sorghum with glandless 

cottonseed were extruded at two temperatures 

on a Brady #206 extruder. The cereals were 

whole grain, and both cottonseed samples were 

delinted and dehulled. Total aad free 

gossypol levels were determined by official
 
AOCS procedures, and a rat growth evaluation 

was carried out on all blends.
 

As shown in Table III, free gossypol 

levels of the corn-glanded cottonseed blends 

were reduced to 0.03-0.05%. Free gossypol 

levels in the glandless cottonseed flour or 

blends were below the limits of detection of 

the method. Corrected PER's for all blends
 
were in the range 1.5-1.9, considerably below 

that of casein. Increased extrusion tempera-

ture lowered the PER, especially in the caje

of the corn-glanded cottonseed blend, 

undoubtedly because of an increased loss of 

lysine during processing. 


The PER for glandless cottonseed was 

equal to that of casein (Table III). Extru-

sion of glanded cottonseed reduced the free 

gossypol level only from 0.63% to 0.21%. 

However, weight gain was increased from 

-16.9g to 79.3g, and the PER of the extruded 

glanded cottonseed flour was a respectable 

1.89+0.07. A free gossypol level of 0.21% is 

considerably abnve the PAG specification of 

0.06% for cottonseed flour. Experiments are 

planned in which reduction of free gossypol 

by addition of iron salts, as reported pre-

viously by Bressani and colleagues at INCAP,

will be evaluated. 


The lysine deficiency in the blended 

food made from corn and glanded cottonseed 

extruded at 1700C is clearly shown by the 

data in Table IV in which the PER was 

increased from 1.73 to 2.54 by addition of 

L-lysine monohydrochloride. 


In a second experiment, full-fat glanded 

cottonseed flour and corn-glanded cottonseed
 
blends were extruded on a Brady #206 extruder 

-and an Insta-Pro #500 extruder. The results 

are presented in Table V. At the same tem-

perature, the cottonseed flour extruded on 

the Insta-Pro gave a somewhat lower weight

gain and PER. In contrast, the weight gain 

and PER of the cereal-cottonseed blend were 

both higher with the Insta-Pro, but 

unfortunately the extrusion temperatures 


differed in this experiment. The meaning of
 
these relatively small differences in PER's
 
is not clear at the present time, since
 
optimum extrusion conditions for the two
 
machines for protein quality have not yet been
 
worked out.
 

Cereal-chickpea blends (1:1) were
 
extruded on the Brady and blended after
 
extrusion with 10% non-fat dry milk (based
 
on final weight of the blend). The results
 
of a rat growth evaluation of blends based
 
on wheat, sorghum and rice are presented
 
in Table VI. All three blends gave
 
corrected PER's at least as good as casein,
 
with the blend based on rice giving a
 
corrected PER of 2.94, compared to casein
 
at 2.50.
 

C. Full-Fat Soy Flour
 

Another important food product that
 
can be made on an extruder is full-fat soy
 
flour. Indeed, the Brady and Insta-Pro
 
extruders were originally developed to
 
extrude soybeans for use in animal feeding.
 

Whole and dehulled soybeans were
 
extruded at 138 0C on the Brady and at 1430C
 
in the Insta-Pro extruder. Following
 
extrusion, the resulting products were
 
ground intc full-fat soy flours. Trypsin
 
inhibitor and urease activities were
 
determined on these flours and a rat
 
growth evaluation was carried out. The
 
results are shown in Table VII. The
 
higher extrusion temperature on the Insta-

Pro increased the destruction of anti
trypsin activity and significantly
 
increased PER's for both whole and dehulled
 
soybeans. Urease activity appears to be
 
more easily destroyed and to be a less
adequate indicator of the effectiveness of
 
heat treatment of soy than anti-trypsin
 
activity or rat growth evaluatioh.
 

The effect of the addition of water
 
prior to extrusion on the destruction of
 
anti-trypsin activity was evaluated, and
 
the results are summarized in Table VIII.
 
The addition of 3% water to whole soybeans
 
increased the destruction of anti-trypsin
 
activity from 30.6 to 53.7% With this
 
amount of water added to dehulled soybeans,
 
destruction was increased from 39.1% to
 
67.8%.
 

To clarify the temperature needed for
 
effective heat treatment of soybeans, an
 
experiment was carried out on the Brady in
 
which dehulled soybeans were extruded at
 
temperatures ranging from 1210 C to 1490 C.
 
The extruded products were grourd into
 
flours and evaluated for: (1) proximate
 
analysis, (2) anti-trypsin activity, (3)
 
urease activity, (4) PER, and (5) nitrogen
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Table III_- Rat-Growth.Evaluation of Cereal-Cottonseed Blends 1/ (4 weeks' growth)
 

Total FreeSampleDescription 
 gossypol : gossypol ightgain(:. 
 PER 2/ Corrected PER 3/ 

Whole corn/glanded cottonseed (70/30)
extruded together (170 0 C) 0.26 0.03 -57.9+49 4/ 1.92+0.11 1.52+0.09 

Whole corn/glanded cottonseed (70/30)

extruded together (142 0 C) 0.26 0.05 79.1+4.6 2.41+0.05 1.90+0.04 

Whole sorghum/glandless cottonseed (70/30)-:

extruded together (1700
C) : <0.01 <'0.01 73.2+3.6 2.22+0.05 1.75+0.04 

Whole sorghum/glandless cottonseed (70/30):
extruded together (1420C)- -u.ui < 0.0.01 77.945.2 2.37+0.07 1.87+0.06 

Glanded cottonseed, extruded 
 0.83 
 0.21 79.3+6.7 2.39+0.09 
 1.89+0.07
 

Glanded cottonseed, 
raw .0.86 0.65 
 -16.9+1.6 
 -0.90+0.13
 

Glandless cottonseed., raw 
 00i00 
 i' 136.2+4.0 3.15+0.05 2.49+0.04 

ANRC Casein 
 :1  119.044.8 3.16+0.09 
 2.50
 

I/ Extruded with Brady.

2/ Protein Efficiency Ratio 7--(PER-weight -gain' (g)' / prote1iconsumed gY.
31 Corrected relative to an-assigned-vaue0for ARCCasein:o' 2.50. C 

4/ Mean + Standard Error.
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Table IV. 
Effect of Lysine Fortification on Extruded Corn/Glanded Cottonseed Blend 1/

(4 weeks'growth)
 

Sample Description 
 Weight gain (g) 
 PER 2/ Corrected PER 3/
 

Whole corn/glanded cottonseed 70/30
extruded together 170 0C 
 50.4+3.8 4/ 
 1.73+0.09 
 1.51+0.08
 

Whole corri/glanded cottonseed 70/30

extruded together 170 0C + 0.5% Llysine monohydrochloride 5/ 
 94.9+4.8 
 2.54+0.07 
 2.21+0.06
 

ANRC Casein, 
111.4+4.2 
 2.88+0.09 
 2.50
 

./ Extruded with Brady.
2/ Protein Efficiency Ratio 
 (PER) - weight gain (g) / protein consumed (g).
3/ Corrected relative to an assigned value for ANRC Casein of 2.50.

4/ Mean + Standard Error.
 
5/ Lysine monohydrochloride added after extrusion.
 

Table V. 
Rat Growth Evaluation of Cottonseed Blends Extruded on Brady'and Insta-Pro
 
(4 weeks' growth) 
 . 

Sample Description 
 Weight gain (g), PER1/ Corrected PER 2/
 

Glanded Cottonseed, Insta-Pro, 1400C, 
 73.2+3.7 3/ ,:2.07+.09-
 1.80+.08
 
Glanded Cottonseed, Brady, 1400 -
C . : 96.5+3.7 
 2.26+.75 
 1.97+.04
 

Corn/glanded Cottonseed 70/30, Insta-.
 
Pro 149°C 
 I 
 "93.6+-5.8 :2.55+,08 :2.22+.07
 

Corn/glanded Cottonseed 70/30j,Brady
1390C , 70.9+4.4 
 2.12+.05'.%84+'04
 
ANRC.Casein 


>: 111.4+4.2 2.88+.09; 
 2 50
 

1/ Protein Efficiency Ratio 
 weight gain (g):/ protein consumed (g).
2/ Corrected relative to an assigned value for ANRC Ca'sein of 2.52 .
3/ Mean + Standard Error.
 

Table VI., Rat Growth Evaluation of Chickpea Blends (4 weeks' growth) 

Sample Description 
 Weight gain (g)' PER,1/ .,' Correctedr PER;2/ 

45%wheat, 45% chickpea, 
10% NFDM 141.7+2.9 3/, 
 S.01+0.5' 
 .504.04
 
45% sorghum, 45% chickpea, 
10% NFDM : 156.2+6.7. 
 312+.5, 
 2'.59+.64
45%*rice, 45% chickpea, 
 10% NFDM_ 167.8+6A ._NF M a 16 . + . 2.4 0
3.54+ .11: 
 2.94+.09
 
ANRC Casein 
 :<'119.6+5.6 
 3.01+.10' 2.50
 

1/ Protein Efficiency Ratio -'weight'gain (g)
2/ 

/ protein-: consumed,.,(g).PERs corrected relative to:Casein'at- 2.50,:.
3/ Mean + Standard Error. 
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Table VII. Extrusion of Soybeans on Brady and Insta-Pro
 

S Trypsin Inhibitor Urease
 
Sample Description pH units Corrected PER 1/
 

TIU/mg % destroyed
 

Raw, whole soy . 74.8 - 1.92 

Whole soy, Brady. 1380C : 22.7 69.7 0.03 1.83+.C 

Whole soy, Insta-Pro, 1430C 14.0 81.3 0.09 2.24+.C 

Raw, dehulled soy 80.0 .. - 1.97 1.49+.C 

Dehulled soy, Brady, 138 0C : 36.2 54.7 < 0.01 1.78+.1 

Dehulled soy, Insta-Pro, 1460C 11.2 86.0 0.02 2.25+.C 

1/ Protein efficiency ratio corrected relative to Casein at 2.40 (4 weeks' growth).
 
2/ Mean + Standard Error.
 

Table VIII.- Efiect of Added Moisture on Destruction of Trypsin Inhibitor 

.. : " • % Trypsin 
Sample.Description-. : Temperature :Water: added :Final moisture: inhibitor 

V (0c) : ( )(Z) : destroyed 

Whole soybeans : 139o 0.0 4.7 30.6
 

Whole soybeans : 1390 1.5. 45 33.7
 

Whole soybeans : 1390 3.0 '5.2' 53.7-


Dehulled soybeans : 1450 -.0.0 24, "97.
 

Dehulled,soybeans : 1380- 1.5 3.6 47.6
 

Dehulled soybeans • 1390 3.0 4.0 67.8
 

126
 



solubility index. The results are siuuuari-

nod in Table IX. These results suggest that 

an extrusion temperature of at least 1430 C 

is desirable for maximum PER. At this tem-

perature, the PER was 1.94 compared to a PER 

of 1.01 for unextruded soy. At the higher 

temperature of 149 0 C, the PER appeared to 

drop off slightly. The nitrogen solubility 

index of 21.6 for the soy flour with the
 
maximum PER was in a satisfactory range. 

It may be that addition of small amounts of 

moisture prior to extrusion would lower the 

minimum effeLtive extrusion temperature to 

make full-fat soy flour, but at this point, 

this does not appear to be of any particular 

advantage. In Lhe future, the protein 

quality and storage stability cf full-fat 

soy 	flour extruded at different temperatures 

in the presense or absence of added water 

will be evaluated. Based on wcrk to date, 

an extrusion temperature of 143 0C is recom-

mended for the production of full-fat soy
 
flour on a low-cost extruder cooker. 


D. 	Retention of Vitamins During E trusion and 

Storage 


Loss of heat-labile vitamins during 

conventional extrusion is known.. In view of 


the fact that LEC's operate without added 

moisture, it became of interest to ascertain 

the loss of vitamins during extrusion on a 

low-cost extruder cooker. If it were possi
ble to add the micronutrients prior to 

extrusion, it would be of some advantage 

from a processing standpoint. In addition, 

since the product coming out of the extru-

der is nearly sterile, a more sanitary pro-

duct in the final package could result if 

the batch blending in of micronutrients post 

extrusion could be eliminated. 


For these reasons, several experiments
 
on vitamin retention during extrusion were 

carried out using blends of whcle corn/whole 

soy (70/30) or degermed corn/dehulled soy 

(70/30). The vitamin and mineral premixes 

were those specified by USDA for Title It 

blended foods and were obtained from 

Hoffman-LaRoche and Roland Industries, 

respectively, 


In the first experiment, 150 kg of the 

pre-ground proportioned corn/soy blends were 

mixed in a ribbon blender with 0.125% vita-

min-antioxidant premix and 2.7C% mineral 

premix. The fortified blends were extruded 

at 171 0C on the Brady #206 extruder with the 


machine stabilized at this temperature for 

15 minutes prior to extrusion of the experi-

mental blends. Triplicate samples of each 


blend were taken prior to and after extru-

sion and stored in polyethylene bags in a 

cardboard b~x,until shipment by motor 

freight to Hoffman-LaRoche for vitamin 

determinations, 
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The second experiment was carried out in
 
a similar winner to the firht except that 1he
 
extrusion ;emperature was lowered to 163oC,
 
the vitamin addition level was reduced to 0.12%
 
and the samples were air freighted to Hoffman-

LaRoche. All samples in both experiments were
 
coded prior to shipment, and the analytical
 
laboratory had no knowledge of sample hi'tory.
 

In the third experiment, the vitamin and
 
mineral premixes were added either before or
 
after extrusion at Title I. recommended levels.
 
Samples were analyzed at C9U for .*hinni''i and
 
vitamin C immediately following extrusion or
 
after one month's storage at: (1) -320C in the
 
freezer, (2) 310C, 48% relative humidity, or
 

(3) 490C, 60% relative humidity. Retentions
 
for samples after storage are expressed as per
centages of thi initial values and thus only
 
reflect storage losses and not losses during
 
extrusion.
 

The results of the first two experiments
 
are summarized in Table X. Retentions of ribo
flavin, vitamin B6 , and folic acid were all
 
higher than 90% for both blends and in both
 
experiments. Retention of vitamin A was only
 
slightly less, ranging from 86-89% with whole
 
corn/whola soy and 94-104% with the degermed
 
corn/dehulled soy blend. Vitamin E was mea
sured only in the second experiment, but reten
tion was better than 100% for both blends.
 

Retention of vitamin C was generally 80%
 
or more. The vitamin C retention of 110.7% in
 

one case was undoubtedly in error and resulted
 
from an artificially-low vitamin C level in
 
the before-extrusion samples. In any case,
 
the high retentions of heat-labile VItamin C
 
generally observed during extrusion likely
 
reflect the low moisture levels and the short
 
time of the heat treatment.
 

In contrast to all the other vitamins,
 
the 	retention of thiamin differed markedly in
 
the 	two experiments. In the first experiment,
 
thiamin retention was 90-98% with the two
 
blends. In contrast, in the second experiment,
 
thiamin retention was 48% and 75% liathe whole
 
corn/whole soy and the degermed corn/dehulled
 
soy blend respectively. We have no explanation
 
for these differences, since we attempted to
 
keep the experimental conditions closely
 
similar in the two experiments. Thiamin is
 
heat-and pH-sensitive, as -ell as being water
 
soluble. In the second experiment, the extru
sion temperature was lower, not higher, and
 
losses through water solubility were not a
 
factor in either experiment. It is pootible
 
that the pH was, for an unknown reason,
 
slightly higher in the second experiment thus
 

increasing the destruction of thiamin. In any
 
case, the data emphasize the variability in
 
thiamin retention that can occur during extru
sion, even under reasonably well-controlled
 
conditions.
 



Table IX. Effect of Temperature on Extrusion of Soybeans 1, (Brady)
 

* Nitrogen 
 Trypsin inhibitor
 
Temperature °C solubility Urease
unts.,Corrected
indexPH C PER
 

index 
 : pH units :TIU/mg % destroyed 2/
 

Unextruded 
 55.6 2.07 64.5 
 1.01+.08 3/
 

1210 
 41t9 1.96. 64.8 
 0.0 1.35+.04
 

1270 
 56.1 1.82' 
 57.2 11.2 1.42+.05
 

1320 
 44.3 1.46. 
 45.5 29.5 1.41+.04
 

138047.1 
 0.34 47.2 
 26.7 1.55+.04
 

1430 21.6 0.02 
 28.0 56.7 1.94+.05 

1490 . 16.6 0.01 16.8 
 74.0 1.78+.08
 

1/ Composition of dehulled s6ybeans: protein 39.2+.03, ash 5.9+0.1, fiber 2.4+0.1, moisture 5.9+0.5, fat 21.0+02,

2/ Protein efficiency ratios corrected related to Casein at 2.50.
 
3/ Means + Standard error.
 

http:39.2+.03
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Table X. Retention of Vitamins During thiamin, there were no clear differences in
 
Extrusion of Corn/Soy Blends retention related to vitamin addition
 

before or after extrusion.
 
: Retained
 

Re nThe 	 results were considerably differ-


Vitamin Experiment : Experiment 2 	 ent for vitamin C as shown by the data in
 
Table XI. When the vitamin mix was added


1/ 2/ after extrusion, retention of vitamin C
 

: : was similar to that for thiamin. At 310C,
 

Whole corn/whole soy (70/30) retentioas were 80-86% and at 490C, 64-65%,
 
* : respectively. In strong contrast, when the 

Thiamin 90.2 48.3 vitamin mix was added prior to extrusion, 
vitamin C was almost totally lost during 

Riboflavin 95.3 92.2 one month's storage under accelerated 
storage conditions. Under the tropical 

Vitamin B6 L10.2 129.7. storage conditions, 31
0C, 48% relative 

: :humidity, vitamin C retentions during stor-
Folic acid L00.3 : 103.6 age were 34-43% and under the accelerated 

. *. storage conditions of 49°C, 60% relative 
Vitamin C : 83.1 80.4 humidity, retentions dropped to 2-9%. 

86.5
 
vitamin C during storage are not completely
 

3/ 1--13.1 understood. Loss of volatile antioxidants
 

Vitamin A : Viamn8.8, 8The 	 reasons for this poor stability of
 

Vitamin E 

.. during extrusion could be involved. At one
 

: Degermed corn/dehulled soy point, we suspected that the vitamin C in
 
(70/30) 	 the mix was microencapsulated to protect
 

against loss and that this protective
 
coating was lost during extrusion. How-
Thiamin 	 -_97.8 . <.. 75.4 
ever, according to the vitamin supplier,
 

Riboflavin .. : 98,3. : 1100.0 	 this was not the case, although several 
other vitamins are present in the mix in 
coated forms that presumably would beVitamin B6 :91.3- 128.2 

destroyed during extrusion.
 ' 


Folic acid ': 101.2t- < 122.17
 
i : In any 	case, regardless of the reason, 

Vitamin C "110.7 	 the very poor stability of vitamin C during
78.9 

storage when the vitamin 	mix was added
 

94.1 prior to extrusion, combined with 	the vari-
Vitamin A: 104.0 

ability of thiamin recovery, indicates
 

Vitamin E .,: --.3/ 126.9 	 strongly that the vitamin premix should be
 
added following extrusion. There would
 
not appear to be any advantages to adding
 

1/ Extruded with Brady at 171
0C. 	 some of the vitamins and the minerals
 

2/ Extruded with Brady at 163
0C. 	 prior to extrusion and some after extrusion,
 

3/Not determined 	 so our strong recommendation is that vita-
Nt i 	 min and mineral fortification be carried
 

out after extrusion. In 	addition, the
 

Data on the storage stability of thiamin 	 antioxidants BHT and BHA need to be clearly
 
specified and perhaps added separately,
and vitamin C are summarized in Table XI. The 

since we have been informed by at least one
retention values summarized in this table are 


expressed as percentages 	of the values at the major supplier that they are no longer
 

time the samples were placed into storage and 	 added to the vitamin premix sold to manu
facturers of blended foods.
thus consider losses during storage only and 


do not include losses during extrusion. E. Viscosity Reduction Studies
 

Retentions of thiamin in 	all cases were
 
greater than 70% after one month's storage. 	 Supplemental foods are important
 

With a temperature of 31
0C (880F) and 48% rela- sources not only of protein, vitamins and
 

tive humidity, thiamin retention ranged from minerals, but also sources of total food
 
When these
81-85%. These conditions would approximate 	 energy, that is, calories. 


storage conditions under tropical conditions. 	 foods are mixed with water and served as a
 

gruel or beverage, the number of calories
Under the accelerated storage conditions of 

per unit volume may become an important
49 0 C (120 0F) and 60% relative humidity, thiamin 

In the case of consideration.retentions ranged from 71-72%. 
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Table XI. Storage Stability of Thiamin and Vitamin C added to Corn/Soy Bloed
Before or After Extrusion 1/ (One Month's Storage) 

:Storage Conditions: Time of Addition : Retention (Z)

Blend 


Whole corn/whole soy 


Whole corn/whole soy 


Whole corn/whole soy 


Whole corn/whole soy 


Whole corn/whole soy 


Whole corn/whole soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Whole corn/whole soy 


Whole cor/o sy 

Whole'corn/whole soy 


Wh1e c6rn/whole soy 

'Whole corniwhoie soy 

Whole,'con/whole soyDele01e'crn/hled 

Degerd rn/dhulled ....
soy 


Degermed'corn/dehulled soy. 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Degermed corn/dehulled soy 


Thiamin
 

-320C, freezer 


-320C, freezer 


: 310 C, 48% R.H. 


: 310c, 48% R.H. 


490C, 60% R.H. 


: 49°C, 60% R.H. 


: -320C, freezer 


: -320 C, fre-:.ar 


: 31°C, 48% R.H. 


31°C, 48% R.H. 


: 490 C, 60% R.H. 


: 49°C, 60% R.H. 


Vitamin C
 

: -320C, freezer 


-320C, freezer 


: 310 C, 48% R.H. 

. 310 C, 48% R.,H. 

: 490C, 60% R.H. 

49C-; 60% R.H.0b4.
 

. -32,C 'freezer 


'-32 0C, freezer 


31 C, 48% R.H. 


: 31 C, 48% R.H. 


: 490C, 60% R.H. 


: 490C, 60% R.H. 


1/ Extruded with Brady at 1630 C.
 

Before extrusion: 84.0 

After extrusion 91.6 

Before extrusion 84.8 

After extrusion 84.6 

Before extrusion 71.3 

After extrusion 73.8 

Before extrusion 98.7 

After extrusion 94.1 

Before extrusion 85.1 

After extrusion 80.6 

Before extrusion 82.2 

After extrusion 76.7 

Before extrusior 71.0 

After extrusion 101.1 

Before extrusion 43.4-

After extrusion .86.3 

Before extrusion 8.6 

After extrusion 65.3 

Before extrusion 84.9 

After extrusion 89.7 

Before extrusion 34.0 

After extrusion 80.2 

Before extrusion 2.2 

After extrusion 64.5 
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We reported at the First International 
Conference on Low-Cost Extrusion Cooking Tech-
nology at Colorado State University in 1976 that 
perhaps the major difference between CSB made on 
a LEC and Title II CSB or CSM was that LEC-made 
CSB exhibited a much higher uncooked viscosity. 
This could 	have the effect of lowering the 

calorie density of the gruel and thus poten
tially reducing the amount of food that a small 

child might 	be able to consume at a single meal. 


This problem can be overcome easily by 

boiling the gruel for 5 minutes, and this is 

certainly desirable from a sanitation stand-

point. However, in some cases, the water may be 

boiled separately, cooled slightly and then
 
mixed with CSB to make the gruel. In this 

situation, the high uncooked viscosity noted for 

CSB may not be a completely desirable product 

characteristic, 


For this reason, some preliminary experi-

ments were carried out on viscosity reduction 

using enzymes of microbiological origin. The 

enzymes obtained for these studies are listed 

in Table XII. Most of the enzymes were
 
amylases, although several had either proteo-

lytic or hemicellulolytic activity. 


Table XII. 	 Enzymes Used in Viscosity Studies 


Product Company 

- - -including 

Enzeco Fugal Amyiase :Enzyme Development Corp. 

Enzeco Bacterial 

Amylase ,..>. 
 : Enzyme DevelopmentCorp.
 

Rhozyme P-53;Concen- :storage 
trate Rohm-and Haas 

Rhozyme H-39 Rohm and'Haas" 

HT Proteolytic.200 Miles Laboratories;
 

CE-lO0 	 : Miles Laboratories.
 
* 

HT-1000 	 : Miles-Laboratories,
 

Taka-Therm : Miles Laboratories,
 
___13 


The enzymes were dry-blended into CSB
 
using a Hobart Mixer at levels ranging from 

0.01% to 0.025%. The enzyme-CSB blend was mixed 

with water either at 240C or at 750C in a ratio
 
of 37 grams CSB to 100 ml water. I'
iscosity was 

measured 30 minutes later using r.Brookfield 

viscometer using a #7 spindle at 50 rpm. 


The results are summarized in Table XIII. 

Under the conditions used, the viscosity of LEC
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CSB untreated was 26,000-41,000,cps, compared
 
to 4,800 cps for Title II CSM. In general,
 
enzyme preparation.with predominantly amyloly
tic activity were the most effective In
 
lowering viscosity, and the preparation des
cribed as hemicellulolytic had virtually no
 
activity at the level tested.
 

The most active preparation was H39
 
obtained from Rohm and Haas, which yielded
 
viscosity values 1,000-2,000 cps at 0.01%.
 
Enzyme preparation K4814 was also quite effec
tive in lowering viscosity, giving values of
 
3,000-8,000 cps at 0.01% and 1,000-4,000 cps
 
at 0.025%.
 

In another experiment, CSB containing
 
0.025% K4814 was stored for up to 13 days
 
either in the freezer or at 290 to 490C with
 
approximately 50% relative humidity. At 2 or
 
13 days storage, viscosity of the samples was
determined 	as previously described. The results
 
summarized in Table XIV indicate that viscosity
 
changed very little as a functionof up to 13
 
days'storage.
 

These results suggest that it may be feasi
ble to blend in a small amount of an amylase at
 
the time the vitamins and minerals are added.
These enzyme preparations are approved in the
 
United States for food use. At the currently
 
quoted price of $5/lb for H39, this would add
 
an ingredient cost of 0.l¢/lb to the CSB, not
 

the shipping cost for the enzyme.
 

Table XIV. 	Effect of Storage on Viscosity of
 

Enzyme-Treated CSB 1/ (0.025%
 
K4814) 

Time of Conditions 
of Viscosity 

(days) storage (cps) 

0: 	 1,710 

2 	 : Freezei 1,760 

2 	 : 90C' 1,600 

2 	 : 49°C 2,080 

: Freezer 1,820 

13 	 29°C 1,920
 

13 490C 2,320
 
:_:
 

1/ 37 grams 	CSB (dehulled corn and dehulled soy

(70/30))fortified with Title II vitamins and
 
minerals mixed with 100 ml water. Viscosity
 
measured at 30 minutes on a Brookfield visoco
meter at 50 rpm with #7 spindle.
 



Table XIlI. "'iscosity of Enzyme-Treated CSB 1/
 

Enzyme Number % Enzyme Type Activity Viscosity (cps) 2/
 

:Water added at 240C
 

Control 
 None -25,800
 

K4814 0.025 Amylolytic 4,380
 

K4814 0.010 Amylolytic 8,160
 

K4815 0.025 Amylolytic 3,360
 

K4815 0.010 Amylolytic 11,800
 

HT 100 0.025 Amylolytic + 2,740
 
proteolytic
 

H-39 0.025 Amylolytic 1,280
 

H-39 0.010- Amylolytic 2,320
 

P-53 : O.010 Proteolytic 17,000
 

4 : Water added at 750 C 

Control : None" : - - 41,040 

K4814 A 0.025 Amylolytic 1,384 

K4814 ' 0.010 Amylolytic 3,170 

K4815 0.025y 1,620 

K4815 0.010 Amylolyic .14,800 

HT 100( 0.025 Amylolytic + 11,000 

proteolytic4 

H-39 0.025 Amylol tic ' 533 

H-39 0 010 Amylolytic"' 1,064 

P-53 0.010 Proteolytic ' 18,700 

P-53 0.025 Proteolytic 3,544 

CE-100 0.025 Hemicellulolytic 29,200 

1/ 37 grams CSB (dehulled corn and dehulled soy (70/30)) fortified with Title II
 
vitamins 3nd minerals mixed with 100 ml water. Viscosity measured at 30 minutes
 
on a Brookfield viscometer at 50 rpm with #7 spindle.
 

2/ Viscosity of ICSM control was 4,880 cps with water added at 250C.
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F. Analysis of Products Made in Costa Rica Table XV. Analysis of Products Extruded in
and Tanzania 
 Costa Rica .
 

The work described in thippaper so far 

has been carried out with samples extruded 

in a pilot plant at Colorado State Univer-

sity. Recently, we obtained samples of 

products made in the recently-installed
 
plants in San Jose, Costa Rica and Dar es
 
Salaam, Tanzania. The products from Costa 

Rica were full-fat soy flour and Lwo samples

of CSM. The latter two samples were pre-

pared by extruding CSB on the Brady extruder

and then dry-blending in either 10% or 18% 

non-fat dry milk with the vitamins and
 
minerals. The corn and soy used were 

dehulled using a Sturdevant dehuller. The

products from Tanzania were corn/soy blend 

and corn/soy milk (5% non-fat dry milk).
 

Proximate analysis, nitrogen solubility

and viscosity data are summarized in Table 

XV for the samples from Costa Rica. The 

fiber levels in the CSM, 1.3-1.5% are well
 
below the fiber specification of 2.0% for 

Title II blended foods. Nitrogen solubility 

values for the two CSB samples are high,
20-28%, primarily because of the milk solids 

added. As reported previously, the uncooked
 
viscosity values for the CSM were high, and

cooking the samples greatly reduced the 

viscosity. The proximate analysis of these
 
products yielded values expected based on 

the known ingredients. Corrected PER's for 

the CSM samples were 2.24+.05 and 2.33+.06
 
for the products with 10% and 18% NFDM 

respectively. 
These values confirm the 

expected high-protein quality of these
 
products. There was no significant differ-

ence between the CSM samples as a function of 

level of milk addition. 


The results of full-fat soy flour 

extruded in Costa Rica also are listed in
 
Table XV. Extrusion at 1400 resulted in a 

53% destruction of anti-trypsin activity and 

a urease value of .07, which is well below
 
the USDA allowable level. The corrected
 
PER, 1.77+.05, is slightly below the maximum 

PER observed in other experiments,l.94+.05 

(Table IX),but is still indicative of a high- 2/ Corn-soy blend 
(70/30) fortified with vitaquality soy product. The slightly-lower PER 

could be related to differences in the 

assay, since the studies were carried out at 

different times with different rats. 
How-

ever, it is also quite possible that it is 

related to a slightly lower extrusion tem-

perature (1400) than would be optimum. As 

discussed in an earlier section of this 

manuscript, based on our most recent work, 

we now recommend an extrusion temperature of 

1430 - 1460.
 

: :Corn/soy C ' 
Full-fat m Cin/soy 

mlOY : il 
2/-

Moisture - %..: 3.0 8.1 : 7.7-

Fat - % ....... 22.5 7.7 : 6.6
 

Fiber - %..... .. 2.5 1.5 1.3
 

Ash- %....... :.4.8 5.4 : 5.5
 

Nitrogen - %..: 6.8 3.5 3.5
 

Protein % 3/..: 42.2 21.8 
 21.8
 

Protein - dry
 
weight %..... .. 43.6 23.7
: 23.6 

Trypsin inhib-:
 
itor % loss..: 53 : --


Urease (ml)...: .07 : -- : -

Nitrogen solu-:
 
bility - %...: 18.4 : 19.6 28.4
: 


Viscosity, 
uncooked 4/..: -- i.: 18,600 : 16,990
 

Viscosity,
 
cooked 5/... : 
 340 : 368
 

Viscosity, 
uncooked 6/. . - : 1.0 : 1.0 
. - *: 

Viscosity, .• 
cooked 6/..;.: f > 24 : > 24 

Corrected PER :.:
 
7/............ 1.77+.05 : 2.24+.05 : 2.22+.06
 

1/ Corn-soy blend (70/30) fortified with vita
mins, minerals and 9.8% non-fat dry milk.
 

mins, minerals and 17.6% non-fat dry milk.
 
3/ N x 6.25.
 
4/ Viscosity determined using a Brcokfield
 
viscometer with a #6 spindle at 
50 rpm.

5/ Viscosity determined using a Brookfield
 
viscometer with a #5 spindle at 50 rpm.

6/ Viscosity determined with Bostwick visco
meter.
 
7/ Protein Efficiency Ratio (PER) corrected
 
relative to 2.50 for ANRC Casein.
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The results for the products extruded at 

the platt In Tanzania are shown in Table XVI. 

In general, the results on nitrogen solubility

and viscosity are cqnsistent with previous work. 

The corrected PER for the CSB sample was 

2.04+.06. :.Addition of 52 NFDM increased the 

PER To 2.17+.06, but the increase was not 

statistically significant (P>1O). The PER 

for the CSB was somewhat lower than values 

usually obtained for CSB made from '0%corn and
 
30% soy, which usually are in the 2.15-2.50 

range. This particular CSB sample a.so was 

slightly lower in fat and protein than expected, 

suggesting the possibility that the composition 

was higher in corn and lower in soy than 

expected. 


Table XVI. 	 Analysis of Pr *!czs Extruded in 

Tanzania 


Corn/soy : Corn/soy
 
blend : milk 

1/ . 2/ 


Moisture -	 58M - 6.0 

Fat - % 	 . 5.8 5.8 

Fiber - Z 	 .1.5 1.3 


Ash - % 	 . 1.9. .3.9 

Nitrogen -	 -,2;7 2.8 
-

Protein -1 	3/ :16.7 17.8
 

Protein - dry wt. - 3/:--3 17.8: i118.9 

Nitrogen solubility - 2 : 7 i 15.8 

Viscosity;-	 uncooked:4./ : 29,700 11,600 


Viscbsity--	 cooked 5/ : 1,200 1,020 


Viscosity - uncooked 6/: < 05 4.5 
. , 

Viscosity 7-cooked 6/ .21 18 

Corrected PER 7/' :2.04+.06 2.17+.06. 

-________.... __"___-_ .. ...._ _, 

1/ Corn/soy blend (70/30). 

2/ Corn/soy blend (70/30) fortified withvita " 

mins,'minerals and 5% non-fat dry milk. 

3/ & x 6.25. 

4/ Viscosity measured with a Brookfield visco-

meter using a #7 spindle at 50 rpm (out of. 

range with #6 spindle). .
 

5/ Viscosity measured with a Brookfield visco-

meter using a #5 spindle at 50 rpm. 

6/ Viscosity determined with a Bostwick visco
meter.
 
7/ Protein Efficiency Ratio (PER) corrected
 
relative to Casein - 2.50.
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II. NUTRITIONAL SPECIFICATIONS FORBLENDED
 
FOODS
 

Nutritional 	specifications for Title II
 
blended foods were established over ten years
 
ago. Protein, fat, fiber and moisture levjls
 
specified are listen in Table XVII, and twa
 
vitamin and 	mineral fortification requirements
 
are listed in Table XVIII.
 

Those individuals responsible for estab
lishing these specifications should be cam
mended for their foresight. For example, they
 
insisted on the addition of at least 6% oil at
 
a time when many people thought of these foods
 
primarily in terms of the protein component.
 
Very complete vitamin and mineral mixtures were

specified including, for example, zinc, long
 
before the importance of zinc deficiency in
 
human populations was recognized.
 

Nevertheless, it is important at this time
 
to review these specifications for several
 
reasons. First, in the years since they were
 
established, there has been a shift in nutri
tional thinking which has deemphasized the
 
importance of protein and placed much more
 
emphasis on total food energy. In addition, in
 
contrast to the Title II program, where the
 
foods are made in the United States and distri
buted all over the world, LEC blended foods are
 
made locally, and nutritional specifications
 
could theoretically be tailor-made for the
 
local Tituation.
 

With these considerations in mind, the
 
nutritional specifications for LEC-made blended
 
foods such as CSB and CSM will be reviewed. To
 
assist in assessing the nutritional impact of
 
the blended 	food on a target population, the
 
nutritional 	quality of a low-income dietary
 
pattern in Sri Lanka has been calculated. The
 
dietary pattern for the lowest income group in
 
Sri Lanka was supplied by Dr. Beatrice DeMel
 
and Mr. Jay Jackson from CARE/Sri Lanka. This
 
pattern is used as an example only. At
 
Colorado State University, we would be
 
interested in obtaining similar data for
 
other potential recipients of LEC-made blended
 
foods in other countries.
 

The low-income pattern shown in Table XIX 
supplies 1759 kilocalories and 39.2 grams pro
tein per day. For the purpose of assessing 
the nutritional impact of the blended food on
 
the preschool population, it was assumed that
 
the children, aged 1-6, would obtain 1000 kilo
calories per day from the so-called family pot

(i.e., Table XIX) and 300 kilocalories per day
 
from the blended food.
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Table XVII. 	 Specifications for Title II 

Conodities (per 100 grams) 


Title II Commodity 


CSB CSM ICSM WSB WSDM 


Pro.ein (N x 6.25): 16.7 19.0 19.0 20.0 20.0
 
1/
 

Fat 1/ 6.0 6.0 6.0 6.0 20.0
 

Crude fiber 2/ 2.0 2.0 2.0 2.5 2.0
 

Moisture 2/ : 10.0 10.0 10.0 11.0 10.0 


% protein calories: 17.9 20.4 20.0 22.2 18.4 


% fat calories : 14.4 14.5 14.2 15.0 41.4
 

1/ Minimum. 

2I Maximum.
 

A. Vitamins and Minerals 


InTable XX, vitamin and-mineral 

levels in 300.kilocalories of unfortified 

CSB are added to the calculated levels in 


1000 kilocalories of the low-income 

dietary pattern and compared to the require- 

ments specified by FAO for preschool child-

ren, ages 1-6. 


These very tentative calculations sug-

gest that perhaps the vitamin A, folic acid 

and iron levels in the supplement could be 

greatly reduced in the supplement, if not
 
eliminated. In view of the importance of
 
vitamin A deficiency and nutritional anemia 

in many countries including Sri Lanka, this 

would not be a recommended course of action. 

The vitamin A intake of the home diet is
 
heavily dependent on chile peppers, and
 
there are undoubtedly many times when the 

cost of chile peppers would exclude them 

from the dietary pattern of low-income 

,peopleI for prolonged periods of time. We 

know relatively little about the levels and 

availability of folic acid, specifically 

bound forms, in foods. Iron availability is 

known to be very poor in diets primarily of 

vegetable origin. Animal foods, especially 

meat, increase iron availability, as does 

vitamin C. In the dietary pattern, animal 

foods only supply 3% of calories, and the 

vitamin C intake is very low and again, 

almost totally dependent on the consumption 

of chile peppers. 


These calculations support, in general, 

the fortification levels for vitamins and 

minerals currently specified for Title II 

foods. However, for any LEC program that 
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plans to custom-specify its own blend,.th4
 
following suggestions are made, contingent
 
on more definitive calculations for the
 

"family pot" diet in that particular
 
country.
 

Table XVIII. 	Vitamin and Mineral Fortification
 
Levels for Blended Foods
 

Mineral Premix 	 Amounts/2000 lbs.
 

Tricalcium phosphate 40.00 lb. 1/ 
Zinc sulfate hydrated : 0.08 lb. 
Ferrous fumarate . 0.92 lb. 

Iodized salt (0.007% 12) 13.00 lb. 
Total 54.00 lb.
 

Vitamin Antioxidant.
 
Premix : Amounts/2000 lbs.
 

Thiamin mononitrate : 2.5 g. 
Riboflavin : 3.5 g. 

Pyridoxin hydrochloride : 1.5 g. 
Niacin : 45.0 g. 

Calcium D-pantothenate. : 25.0 g. 

Folacin * 1.8 g. 
Vitamin B12  d 36.0 mg 

Vitamin A palmitate : 15 x 106 I.U. 
Vitamin D : 1.8 x 106 I.U. 
Alpha-tocopherol acetate : 68,000 I.U. 
Butylated hydroxy anisole : 20.0 g. 
Butylated hydroxy toluene 20.0 g. 
Ascorbic acid : 364.0 g. 
Soy flour or starch : g.s. 2 lbs. 

: Total 2.0 lbs.
 

1/ An alternative formulation is 12.0 lbs.
 
calcium carbonate "(or ground limestone) and
 
12.0 lbs..dibasic calcium phosphate hydrated.
 

The vitamin C level in the supplement
 
should be doubled to increase the absorp
tion of dietary iron. To help -recover some
 
of the additional cost of the added vitamin
 
C, the vitamin B12 level could easily be
 
reduced by 50% with little, if any,risk.
 
The mineral supplement currently specified
 
for Title II foods includes 40 lbs. tri
calcium phosphate /2000 lbs. This provides
 
more calcium than needed from 4 nutritional
 
perspective and is present at this high
 
level primarily to slow down insect infes
tation. Unfortunately, there is some
 
evidence that this high level of trical
cium phosphate may inhibit the absorption
 
of iron and zinc, but more data are.needed.
 
Pending more definitive studies on iron and
 
zinc availability in blended foods and more
 
data on insect infestation in locally-made
 
LEC blended foods, at this time it is
 



recommended 	that rather than use this high

level of tricalcium phosphate, the alternate

formulation of 12 lbs. calcium carbonate (or

ground limestone) and 12 lbs. dibasic 

calcium phosphate hydrated be used instead,

This should not only be advantageous from

the standpoint of trace element availability

but will also lower the cost. 


Table XIX. 	Low-Income Dietary Pattern in Sri 

Lanka (One Day's Consumption) 


:Weight :Energy :Protein: Fat 

Food (g) Kcal. (g) (g) 


: :fiber
: . . . 

. .Rice, parboiled 
* 

: 245 892 
. 

16.4 
:


Wheat flour 


Maize 

:* 


Chile peppers :9 
Onions 

Onions 

Fresh fish 

Dried fish -9 


Fresh milk 


Eggs 


Coconut oil 


Coconut 

Beef 


Dhal 


Green gram 

Manioc . 

Total 


B. Fiber 

: 


2.4 

:blended 


68 : 247 6.6 
 0.7 
... -.. .. 

0.8
31 0.4
 
. " , 

10. 	 ,O6. 0.1 
18: 7.	 , : .3"for 
181"::: i: 0.0 


14 i14 2.6:, 0.4. 

17 3.21 : ,,0.4 

9 5 0.3' 0.,3 


... : 2 0..1 0. 1. 

: 4: 36 
Coconu :109....3fiber 

0 0 4.0 

109 .340 35 6'307 

: 4- :, 6 0.8-: 0.3 
14. 48
:.14, :'48 2 8 0
2' .,desirable
:281: :.


" •. 


4 :14 0.8 0i1 

: 27 9:90 0.4 0 . 

: 544' :1759 39.2':,.'40.1. 

Although fiber is hypothesized to have 

some significant nutritional advantages when

consumed by adults, there also is no'doubt 

that it has some nutritional disadvantages,

especially 	in feeding young children. 
Fiber 
can reduce the availability of minerals such 

as calcium, magnesium, iron, zinc and copper.
High levels of fiber in the diet can reduce

the nutrient density of the food by adding
bulk and also can cause gastrointestinal

irritations. 
 In the weaning process in mcst 

developing countries, a child has to make 


the transition from breast milk, which has
no fiber and which is both calorie-dense
 
and very digestible, to a cereal-type diet
 
high in fiber, low in fat and not well

digestible. In general, the younger the

child or infant, the lower should be the

intake of fiber. 
 At the same 	time, one of
the major functions of weaning foods in
 
developing countries is to ease the transition from low-fiber, high-fat breast milk
 
to a high-fiber, low-fat "family pot." 
 In
 
the following discussion, the fiber levels
 
in blended foods will be discussed in terms
 
of crude fiber, realizing that "crude"
 

greatly underestimates total
"dietary" fiber, especially the hemicellu
losic, pectin and lignin components. Work
is currently in process to characterize
 

foods in terms of total dietary
fiber and determine the effect of extrusion,

if any, on dietary fiber.
 

With these conditions in mind, the
Title II specification of 2.0% crude fiber
 
would appear to be much more appropriate
 

blended foods potentially being used as

weaning foods than the PAG allowable level


* of 5%.
 

When 	 corn and soy are dehulled in 	 aLEC plant using a Sturdevant dehuller, a
 
crude fiber 	level in the range of 1.6-2.0%
will be obtained, depending on the effi
ciency of dehulling. High moisture levels
in the corn and soy may reduce the effi
ciency of the dehulling operation,
resulting in higher fiber levels. 
The
levels found in the two CSM products
 
made in the plant in Costa Rica were

1.3-1.5% which calculates to be 1.6-1.7%
for the CSB component. It will be
 

to keep below the 2.0% crude
fiber level 	for blended foods that will be
fed as supplemental foods to infants 4-12
 

.	 months of age. The processed weaning foods
 
being made in a LEC installation are not
intended to 	serve as the sole source of
 
food 	for infants in the first year of life.
C. Protein
 

Over the past ten years, considerable
 
discussion has taken place concerning the
relative importance of deficiencies in pro
tein 	or calories in causing protein-calorie
malnutrition around the world. 
Today, it

is probably fair to say that deficiencies
 
in both protnin and calories are signifi
cant factors, but protein deficiency does
 
not appear to be as serious a problem as
 was thought 	to be the case 10 years ago,,
 

Title II blended foods typically'con
tamn 17-20% protein, but these high levels
 were set at 	a time when a high protein

intake was considered 'to be more important

than is the 	case today. Breast milk
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Table XX. Supplementation of Sri Lanka Low-IncoLe Diet Nutrient intakes With and Without Corn/Soy Blend'
 

Nutrient 


Calcium (mg): 


Iron (mg) 


Vitamin A (jig)-


Vitamin D (I.U.)'. 


Thiamin (mg) .-

Riboflavin (mg) 

W Niacin equivalent (mg) i/ 

Vitamin C (mg) 


a Tocopherol (mg) 


Pyridoxine (mg) 


Pantothenic acid (mg) 


Vitamin B1 2 (11g) 


Folic acid (mg) 


Zinc (mg) 


1-100Kcal Kcai Fortification Needed 

:,Sri. Lanka 
Diet 

Unfortified,CSB:. 
(70/30)" 

Total. Requirement 
2. 

-. 
g 

Supplement 

: 
Per 1kg 

Supplement 

Current 
CSB/Kg 

75 53' 128 450 322 4290 7800 

2.46.2 8.6 7.5 -- 152 

184 

0 

0.44 

149 

0 

0.32 

333 .280 

O 

0.76 

400' 

0.60 

-

'400 

-

5330 

-

2720 

1990 

2.8 

0.26 

7.7 

0.09 

3.3 

0.35 

11.0 

0.95 

0.5 -0-

0.60 8.0 

--

3.8 

49.3 

f 

1.0 

0.66 

2.7. 

0'26 

8.87:8 10 

3.7-

0.92-

20 

8.0 

0.75 

12.2 

4.3 

..... 

163 

57.3 

400 

74.7 

1.6 

1.8 0.5 -2.3 4.0 1.7 22.7 28.0 

V 1 0.06 

0.0 

-0.05 

40.40.4 

0. 1 

1.2 

Ol00... 

0.8 10.7 40.0 

2.0 

7.0 2.'4,- 2.*2 10.0 0.6 8.0 9.2 

1/ Includes niacin equivalent from tryptophan. 
2/ FAO requirement for children ages 1-6. 



euppli.s protein at 6-7% of calories. In 

assessing the adequacy of dietary protein 

supply, we can consider the minimum protein 

requirement in Lerms of completely utiliza-

ble protein as 7% of calories and then make 

adjustments for digestibility and amino 

acid ;attern. The FAO-suggested amino acid
 
pattern is probably the best pattern to use 

in scoring dietary protein, but additional 

allowance needs to be made because of the 

generally poorer digestibility of plant 

protein. 


For cereal-type diets, protein is more 

limited by quality and digestibility than 

by quantity. This point is illustrated by 

the data in Table XXI. The so-called low-

income dietary pattern in Sri Lanka had an 

amino acid score of 82 with lysine limiting 

and an ND Cal % of 7.3 If this protein were 

totally digestible, it would be barely 

adequate and provide no margin for catch-up 

growth following sickness. However, the 

protein in this pattern isn't totally 

digestible and, in fact, this diet 

furnishes no margin or safety in protein for 

a preschool child or a pregnant or lactating 

woman. Addition of a daily supplement of 

300 Kcal of CSB (70/30) or ICSM would 

increase the NDpCal % to 9.3-10.6, levels 

that do provide some margin of safety and 

allowance for digestibility. If the supple-

ment were CSB made from 80 parts corn and 

20 parts soy, the NDpCal % would be 8.5, 

also probably high enough to meet minimum 

protein needs. 


It is difficult to generalize about how 

much protein should be in a supplemental 

food, since each case has to be evaluated 

individually. At the first LEC meeting, it 

was suggested that the protein level in 

blended foods could be reduced to 12% of
 
calories in countries where the local diet 

was primarily cereals with small amounts of 

legumes, and if the potential quality was 

80% as good as casein and digestibility was 

demonstrated to be good in human infants, 

For blended foods made in a LEC program with 

crude fiber levels 1.5-2.0%, it would prob-

ably be wise to modify this recommendation
 
and keep the protein level in the supple-

mental food up to about 14-15% of calories. 

This level can be attained in a LEC-extruded 

product even if full-fat soy is lowered from 

30% to 20% and 1-2% oil is added to increase 

the calorie density of the final product. 


D. Calories 


Much has been written about the impor-

tance of calories in supplemental feeding 

programs. Studies in India and in Guatemala 

have suggested that calories are more impor-

tant than protein in a supplemental food. 
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The recent five-country evaluation of
 
feeding programs carried out by CARE also
 
suggested that more attention should be
 
given to increasing calorie density of the
 
supplemental food and less attention paid
 
to the protein component.
 

This proteii -vs-calorie issue can not
 
be adequately discussed here but has been
 
considered in more detail elsewhere
 
(Jansen, G.R., in "Evaluation of Protein
 
for Humans," C.E. Bodwell (Ed.), Avi
 
Publishing Co., Westport, Conn. 1977).
 
Without understating the importance of high
 
quality protein in the diet and in many
 
preschool feeding programs, it is desirable
 
to increase the consumption of calories.
 
Two major ways to do this would be to ad(
 
oil or add sugar. To the extent that moie
 
oil can be added to a blended food consis
tent with cost and technological con
straints, it will be desirable to do so.
 
In extruded blends of corn and soy, it is
 
important to not reduce the soy component
 
below 30%, more for the fat than the pro
tein content of the soy. Addition of local
 
vegetable oil, such as coconut or palm oil,
 
may have merit; however, in some cases the
 
essential fatty acid intake may be quite
 
marginal. Coconut and palm oil are satura
ted and don't provide the essential fatty
 
(linoleic) acid as do corn and soybeanoils.
 

Addition of sugar to a blended food
 
would be desirable, because in most cases
 
it will stimulate consumption. Also, the
 
calorie density of the final gruel will be
 
increased by sugar, since this small mole
cule does not increase viscosity. Extru
sion followed by a brief boil also likely
 
increases the calorie density by increasing
 
the solids content of the final gruel as
 
compared to local cereals.
 

In summary, it is almost impossible to
 
genralize about the nutritional require
ments for a biended food. Each case has to
 
be looked at separately in relation to the
 
local situation. What has been attempted
 
is a brief overview of what the major
 
nutritional issues are.
 

To assist LEC programs in designing
 
.oodproducts from a nutritional perspec

tive and in integrating them into feeding 
programs, Colorado State University offers 
a broad range of nutritional and product 
evaluation services. These include proxi
mate analysis, vitamin and mineral
 
analysis, determination of gossypol, anti
trypsin and urease activity and rat growth
 
evaluation of protein quality. In addi
tion, evaluation of functional properties
 
of blends, including nitrogen solubility,
 
protein dispersibility, viscosity and
 
water absorption meastirements, and
 



Table XXI. Supplementation of Sri Lanka Low-Income Diet
 

No : •75g of Supplement

: No :
Supplppleent
 

Protein/day (g) 2/ 


Fat/day (g) 


Energy/day (Kcal) 


Protein/day (Kcal) 


Fat/day (Kcal) 


Protein/day (% of cal) 


Fat/day (% of cal ) 


LysineZscore. 


Sulfur 'amino acid scor'e "1 


Threonine score 

Tryptophan score , 

Limiting amino-acid 

Protein *(Z) 


Net protein value; 3/ 


NDpCal:% 4/ 


1/ Code: wt.' corn/wt 

'2/Protein
-Nx6.25.
 

: 


• 


soy.
 

Supplement 


22.3 


22.9 


1000 


89.2 


206.0 


8.9 


20.6 


82 


115 


99 


115 


Lysine 


8.8 


7,2 


70/30 l/ 80/20 1/ 
 ICSM
 

35.1 32.9 37.3
 

28.0 	 26.3 27.4
 

1302 1295 1285
 

140.4 131.6 149.2
 

251.5 236.6 246.5
 

i.8 10.2 11.6
 

19.4 18.3 19.2
 

-86 83 91
 

4 16 A3 

97.: 97 98
 

114 :112 112 

LysLne LIsine tLysin 

10.8: 10.2 10.8
 

93 8.5 9.8
 

.9373 8.5 10,6
 

'NVP - A.A.' Score (lysine) x %'protein/100. :,
 
4 NDpCa1 % =A.A. Score '(lysine) x %:protein" calories/l00.'
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organolytic evaluation including flavor, odor 

and texture, can be arranged for. In addition, 

the facilities for doing ntorage studies under 

high and low temperatures and humidities and 

baking studies are also available, 


Besides these analytical services, nutri
tional consulting services on the nutritional
 
specifications for food products and the
 
nutritional evaluation of feeding programs also 

can be arranged. At the present time, these
 
services are provided under the USDA-AID con-

tract with Colorado State University. The 

decision on making these services available to 

a LEC program is made by Mr. Rod Crowley at 

USDA and Dr. Jud Harper, project director. 

The USDA-AID-CSU contract will be completed 


in the near future, but support services will
 
still be available on a cost-recovery basis.
 
The iitterest in and the demand for these
 
services will determine to what extent and for
 
how long they will continue to be available.
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Question-and-Answer Session
 

Prof. Amara: 	 I would like to ask about weaning 

foods which are totally:starch-

based. From what month can you 

start to feed 	them to babies? 


Dr. Jansen: 	 This is an area where there really 

hasn't been a lot of work done to 

establish at what age. I think it 

is important to make a distinction 

between something that's going to 

be used as a total food for a 

young child and something that's 

a supplemental food, and I think 

that most pediatricians and nutri
tionists recommend that by the age 

of about four months, one should 

start introducing solid foods into 

the diet. At this age, these are 

very suitable foods to be intro-

duced on a supplemental basis, but 

certainly not as a replacement for 

breastfeeding.
 

Prof. Amara: 	 You mean if you use it as a supple-

ment you can start it earlier? 


Dr. Jansen: 	 I would say that the experience has 

been that it can be used satisfac-

torily from four months on as 

supplemental food I don't think 

there has been any kind of study to 

demonstrate what you're asking; 

however, Dr. Graham has evaluated 

a whole series of these blended 

foods, and the results have been 

published in the American Journal 

of Clinical Nutrition over many
 

years. He evaluated CSM, ICSM,
 
wheat-soy blend and so on.
 
He's evaluated Thriposha two
 
years ago, and now he's doing our
 
current blended foods. I think
 
he is feeding them to children as
 
young as six months of age, so I
 
think that experience shows that
 
from the age of four months on,
 
they are all right as supple
mental foods. There is not much
 
experience with children younger
 
than that.
 

Prof. Amara: 	 If you look it up in the Codex
 
Alimentarius list of the standard
 
for infant cereal-based foods, it
 
is pointed out that no food addi
tive or enzyme should be added.
 
What developmental effect does
 
this have?
 

Dr. Jansen: 	 That's interesting--I didn't know
 
that, because these enzymes are
 
approved for food use.
 

Dr. Sanchez: 	 I know that in Egypt UNICEF
 
installed a complete weaning food
 
plant with the alpha-amylase
 
treatment in the flour. It's a
 
process developed by UNICEF and
 
Buhler Brothers which utilizes
 
enzymes, but they are probably
 
inactivated after the treatment
 
for hydrolyzing the starch has
 
occurred.
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Dr. Jansen: That's a good point, and we'll look absolutes when we discuss nutri
into it. Respondig to a separate 
comment Pedro Bleyer made to me, I 

tional specifications. There's a 
lot of room for discussion and 

think that thirty percent of whole debate. 
soy in these products is more 
important from the standpoint of Hr. Mosha: I wonder whether we shouldn't 
energy than it is from the stand- start looking at our "IISHA" pro
point of protein. This is part of duct more carefully as far as the 
a change in thinking over the past nutritional aspects are concerned. 
10 or 15 years. I think that pro- I have two questions: First, it 
tein in these blended foods could would be interesting to know the 
be reduced to 15%, but if you amount of vitamin loss during 
reduce to, say, an 80/20 plan, you storage. Some of the products 
are reducing fat, and I think there we are producing here take some 
are other alternatives. There time for the preparation methods, 
isn't time to go into it, but for including slightly cooking the 
example, an 80/20 plan with some product. It is important that we 
oil added back has 3ome possibili- cook the product from a micro
ties as a way to produce a satis-
factory weaning fool. Another 

biological aspect, especully 
when cholera is a threat. Second, 

thing, let's make a distinction do you notice any moisture build
betwen corn and soy. The advantage up during storage? Or do you 
of not dehulling corn is that you store your samples in air-tight 
don't lose the oil, whereas there containers? 
is no particular advantage other 
than one of process as far as the Dr. Jansen: I don't recall the answer to that 
soy is concerned. I am hopeful second question on what the 
that data will be obtained in the moistur changes were. I expect 
near future that would s3y the use the containers were not totally 
of whole corn would be ixne. It's moisture-proof, and there prob
ancther matter with the whole soy, ably were sole small changes but 
and you might have other problems not enough to change the percent 
there. figures we have. We only did 

thiamin and vitamin C as far as 
Mr. Bleyer: I never dehull the 13oy. I dehull storage is concerned, and we have 

don't, youget another kind of product. not done anything else to look at 
vitamin stability in cookedblended foods. There has been a 

Dr. Jansen: Well, it's a trade-off, because 
there's an extraction rate--you're 

fair amount of work done on 
cooking losses of vitamins in 

tosng corn, depending on whether foods, and there's'no doubt that 
you can effectively use what you you're losing some--particularly 

take off, and you're losing the oil, thiamin and vitamin C--in 
which is a disadvantage--so it's cooking, but they're tolerable 
an open question. I want to empha- losses, I think. These storage 
size that we're not dealing with losses aren't. for vitamin C. 



The LEC Progrem inChlhuahUl, Mexio 

Dr. Armando Camacho Griensen
 
CIATECH
 

Chihuahua, Meyico
 

us to the final decision to 
use the Brady for
following reasons:
 

I. 	HSTORCALOVERIEWthe
OVERVIEW
1. 	HISTORICAL 


Corn constitutes about 60% 
of the average
 

There is a serious problem of mal-
Mexican diet. 

nutrition in several states of the 

country.der 


At present, the price of 
a glass of milk is 


a steak weighing 200 grams, 
64 


4 cents ($0.04), 
 ($0.05). The 

cents ($0.64), and an egg, 5 cents 


equivalent value in proteins 
of full-fat soy flour 


Unfortunately, all food 
that 


(FFSF) costs 1 cent. 


has 	a high value in protein 
and a low cost, such
 

as soybeans and oats, is 
used in low percentages 


for direct feeding of human beings. 
The 


"-%) 


rest is used for cattle, hog 
and poultry feed. 


Manuel Bernardo Aguirre, 
our present r-over

nor, had been worried for 
several years b, aus' 


this zituation, so he was 
excited when he 


learned about the high value 
in protein in the
 

soybean and its low cost. 


of 


Therefore, in January 1977, under the super

vision of CIATECH, a project was begun 
to indus-


trialize 	soy for human consumption. 
From the
 

different possibilities (extraction of oil and 


paste, textured, isolated protein and 
obtention 


of full-fat soy flour), Hector 
Acosta and Armando
 

Camacho, engineers of CIATECH, selected 
the ex-


trusion process to get full-fat soy 
flour for the 


following reasons: 


1. A simple technology for processing 


Complete obtention of proteins,
2. 

calories and fat
 
An initial low investment 

3. 	Awill 


We learned for the first 
time about the 


from a pamphlet 
of the American
 

Brady machine 

Society of Soy in Mexico. After 

this, Colorado 


State University encouraged us to 
go to Costa 


A. The process using this type of extru
gave us a more economcal result
 

due to the low initial investment,
 

less consumption of electricity, 
the
 

lack of need for a steam 
boiler, low
 

operational costs, smaller 
plent or
 

building requirements, simplicity 
of
 

operations and maintenance.
 

rhii was being used
 
B. 	The knowledge thmt 


on a commercial level in other 
places
 

of the world (Costa Rica and Bolivia
 

among then).
 

C. 	The fact that the Brady 
is used to cook
 

cereals (corn, among others).
 

II. CURRENT STATUS OF LOW-COST EXTRUSION
 

A. 	Production
 

1. 	The full-fat soy flour plant 
was
 

begun in March 1978.
 

4 tons per eight
PRODUCTION: 

hours
 

CAPITAL REQUIRED: US $262,312.08
 

12
 
($/Kg) U.S. $0.51


EMPLOYEES: 

PRODUCT VALUE: 


(See Table I)
 

2. 	The soy milk and malted milk 
plant
 

begin production in February
 
soyfull-fatand will use1979 

5,000 liters/8 hours
CiAiACITY: 

CAPITAL REQUIRED: US $109,505.03
 

Rica, where with the aid 
of Delbert Clark we were
 13
 

able to see how the machine worked. Soy milk, U.S.

EMPLOYEES: 

PRODUCT VALUE: 


$0.0; soy malted
 

We subsequently visited Colorado 
State Uni- milk U.S. $0.14
 

the 	Brady and thethey demonstrated 	 (per liter)versity where 
Insta-Pro extruders and allowed 

us to disassemble 


This experience and our 
evalua

both machines. 

tions of 	several other processes 

to make FFSF led
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http:109,505.03
http:262,312.08


and 
Analysis 

3. Produpt Testing -	 Table III. Mc ~ooiological.actarinlo'lXi 

1. Several products have been tested
 
with the Brady extruder besides
 
full-fat soy flour. We have suc- Total Thermo
cessfully tested corn in combina- Sample Count Colliforms Fungus Yeasts philics
 
tion with soy and particularly with
 
oats, as Chihuahua produces more 1-VIII 0 0 0 0 0
 
than 80% of all the corn grown in
 
the country. 	 2-VIII 200 0 0 0 0
 

2. Tables I and II report the results 3-VIII 200 1 0 0 0
 

of proximate analyses of the FFSF 4-VIII 0 0 0 0 0
 
and its raw material. Its micro- 5 VIII 600 0 0 0 400
 
biological and bacteriological
 
analysis is given in Table III. 7-VIII 500 0 0 0 300
 

0 0
31-VII 100 0 0
C. Marketing strategy -

X 0 0 0 0 0 

As this product (FFSF) is-almost new, we 
are introducing it in the market as Observations: Numerical values correspond to 
follows: the number of developed colonies 

per gram. A standard agar plate
 
Table I. Proximate Analysis of Full-Fat Soy count was used for the total; for
 

Flour fungus, sabouraud; for colliforms,
 
violet red bile and Tergiol 7.
 

Protein (M) 39.13
 

Moisture (%) 4.4 	 1. At the industrial level -

Ash () 5.17 a. as a substitute for eggs in
 
bakeries
 

Fats (7) 26.8
 
b. as raw material for powdered
 

Fiber 	, (%) 3.64 milk for children who cannot 
digest maternal milk or cow's 
milk 

c. it will be introduced as raw
 
Table II. -Proximate.Analysis material in the plant which
of Raw.Material 


Used for FFSF will produce soy milk
 

2. Commercial level (retail) flour -

Soybean HullFraction. 
a. a wide publicity'campaign over
 

Moisture 11.575% the radio and in the newspaper
 
Ash 3.89 7
 
Ether Extract 2.63 % b. a course was given to ten girls
 
Crude Fiber 42.22 %, so they would give demonstra-

Crude Protein 14.82 %, tions in big supermarkets,
 

teaching how to use a book of
 

Raw Dehulled Soybean Fraction recipes.
 

Moisture 4.4 % 1D. Nutrition Education - Institute
 
Ash 5.1725% Chihuahuense for the Investigation and
 
Ether Extract 26.8 % Development of Nutrition
 
Crude Fiber 3.64 %
 
Crude Protein 39.13 % 	 The Governor has Just started this In

stitute. It's principal function will
 
he to publicize details of better nu
trition from the use of soy and oat pro
ducts. (All of this work will also
 

nefit the market for soy flour.)
 
The following programs were establihed:
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1. group of social workers was 

trained to use films, slides and 

other visual aids and small stoves 

to teach at schools all mothers with 

children how to use soy flour and 

some details concerning nutrition 


2. 	 similar program is being planned 

to be used throughout the state, 

especially in the rural communities 


E. 	Distribution Channels 


Distributors for this product have been 

named in Mexico City, Guadalajara, 

Monterrey and Chihuahua. Every distri
butor has been asked to have inventory 

space for this product. We have also 

sent them recipe booklets and adver-

tising posters 


F. Costs - Table IVshows FFSF cost data in 

U.S. $ 

Table IV. Costs of Producing 90Tons of FFSF 


Total Cost U.S.$/Kg 


Production Cost
 

Raw MaterialsA $32,030.22 - .356 
Labor Costs 2,354.35 - .026 
Installation Costs 5,873.85 - .065 
Packaging 928.60 - .010 

Sub-Total $41,187.02 - .457 

Operating Costs $ 1,445.46 - .016
 

Administrative Sales $ 3,280.77 - .036 

Sub-Total $ 4,726.23 - .052 

Total Cost 	 $45 93.25 0.509 


1/112.5 tons of raw materials were required to
 
produce 90 tons of finished product.
 

III. FUTURE PLANS
 

A. 	To design a more compact plant for
 
production of full-fat soy flour in
 
such a manner that production costs
 
will be reduced.
 

B. 	To have more research work done on the
 
roaster and compatible FFSF roasting
 
systems with the aim of trying to
 
reduce the cost per kilogram of full

145
 

fat soy flour. This would be for the
 
ptirpose of eliminating the use of the
 
Alpine Mill, since its operation is
 
quite expensive due to the high con
sumptica of energy, initial investment
 
and maintenance.
 

C. 	We have already presented to the Gov
ernor a budget and applied for funds
 
to start operating a plant this year.
 
It will produce cornmeal with soy,
 
"PINOLE", and oats with soy to solve
 
the problem of malnutrition in the
 
Tarahumara mountains, where there is
 
a high incidence of tuberculosis.
 

D. 	To cover our market and expand the use
 
of the extruder system, a project was
 
presented to the President of Mexico
 
in November 1978. This project invol
ved the installation of plants to pro
duce corn and soy flour for the making
 
of "tortillas" (corn patties) and
 
"atoles" (corn meal and soy mush),
 
which are highly nourishing and have
 
a low cost. This low cost is important
 
in states where there is a problem of
 
malnutrition.
 

Recipe books and lectures on nutrition and the
 
use of soy flour are used in presentations.
 

Women are trained to demonstrate recipes.
 

http:4,726.23
http:3,280.77
http:1,445.46
http:41,187.02
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The Philippine Program: Low-cost Extrusion Cooker (LEC) Activities 

Dr. Ignacio S. Pablo
 
Philippine Institute of Nutrition, Food Science
 

and Technology
 
The Philippine Women's University
 

Manila, Philippines
 

HISTORICAL OVERVIEW 


The recognition of the high prevalence of 

protein-calorie deficiency in the Philippines 

and of its serious socio-economic implications 

for the fugure of the country has inspired,the 

PWU BARANGAY Technology Center (BATEK Center)
 
to undertake research on the development of
 
blends of high protein quality and low cost
 
to help provide nutritious foods with which
 
to improve the nutritional status of vul
nerable groups.
 

The BATEK Center has been active in the
 
development of high-protein foods for human
 
consumption such as enriched native snacks,
 
noodles, purees, porridge and beverages.
 
When the Brady extruder became available 

to 


BATEK in 1977, on loan from the USDA through
 
USAID/Philippines, two objectives were estab
lished for the study: first, to explore the
 
potential for low-cost extrusion of indige
nous materials to be utilized for pre-school
 
and school feeding programs; and second, to
 
transfer the technology to those interested
 
in the process.
 

The low-cost extrusion cooker (LEP) is 

well-suited to a develop'sg country like the
 
Philippines, since it requires only a small
 
amount of initial capital, technical input,
 
and auxilliary equipment for operation.
 
Cooking is done entirely by friction and
 
does not need any additional heat source such
 
as steam. However, the cooker needs large
 
power units ranging from 50 to 100-Hp for
 
proper operation.
 

The LEC can be employed to process indi
genous materials such as legumes (soybean,
 
mungbean, cowpea, etc.) in combination with
 
cereals (rice and corn) and nuts (peanuts
 
and coconuts). The resulting foods can then
 
be offered for sale to various government
 
agencies and charitable institutions on a
 
non-profit basis for distribution to dif
ferentschools and feeding centers with the
 
intent of alleviating malnutrition.
 

A Brady Crop Cooker #206 (Figure 1) was
 
installed May 9, 1977 at BATEK Center, Das
marinas, Cavite. This is a project jointly
 
sponsored by the Philippine Institute of : 

Nutrition. Food Science and Technology'(PWU
 

affiliate), United States Department of Agri
culture, United States Agency for International
 
Development, and Colorado State University. A
 
local grinder (Figure 2) was purchased for
 
grinding cereals, legumes and nuts prior to
 
extrusion.
 

Figure 1. Brady Crop Cooker Model 206
 

Figure 2. Mechanical Grinder (3Hp)
 

104
 



After a year of intensive exploration of 

the potential of the Brady Crop Cooker as a 

practical tool for combating malnutrition in
 
the Philippines, the BATEK Center organized
 
a workshop/seminar held on January 10, 1978.
 
This workshop/seminar was attended by pro
duction managers from the food industry, rep
resentatives from government food research
 
organizations, and international organizations
 
involved in nutrition programs. Five position
 
papers dealing with preliminary studies on the 

capability of LEC in the Philippines were
 
presented. Mr. Paul Crowley of USDA/OICD
 
attended the workshop and gave a paper on 

"LEC Activities Worldwide." About 100 per
sons attended. The workshop succeeded in
 
popularizing the idea of using the Brady
 
cooker for extrusion of indigenous crops
 
in the Philippines.
 

Because of the success of our year's
 
research program on the utilization of LEC
 
to produce nutritious foods for the Philip-

pines, the executive director of the National 

Nutrition Council requested the purchase of
 
the Brady cooker by the USAID Mission in the
 
Philippines. This arrangement allowed the
 
BATEK Center to further explore local mix
tures to be extruded.
 

CURRENT STATUS OF LEC ACTIVITIES
 

Product Formulations
 

Six formulations were developed that were 
successfully extruded through the Brady crop
 
cooker (Table I). Indigenous materials such
 
as rice, corn, pigeon pea (Cajanus cajan),
 

sinesis), peanut and coconut were considered
 
for extrusion, since these materials are
 
suitable for local cultivation in the Philip
pines (Figures 3 and 4).
 

For cereals, a concentration of 10 to 75%
 
is suitable for extrusion when processed in 

combination with legumes and peanut or coconut, 

A cereal-legume-nut mixture containing 20-to
70% legume can be processed using the Brady
 
cooker. A i0-to-40% peanut or partially de-

fatted dessicated coconut in combination with
 
legume and cereals is suitable for extrusion 

(Table I). 


The optimum temperature for extrusion 

'using the Brady crop cooker for each of the. 


"
six formulations developed is shown in Table
 
II. The optimum temperature for cooking 

ranged from 260*F to 3650F. Formulae III & IV 

required the lowest extrusion temperature (2600 

to 2650F) compared to Formulae I, II, V & VI. 

This is probably due to the high oil content of 

Formulae I, II, V & VI supplied by the 13% 
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peanut or 30-to-40% partially defatted dessi
:ated coconut present in the mixture.
 

t 

i.
 

Figure 3. Pigeon pea, corn and peanut used
 
for Formula I.
 

Figure 4. 	Mung bean, corn and peanut used.
 
for Formula II.
 

Nutritional Evaluation
 

.Proximate analysis was conducted for each
 
of the cooked blends, and results are shown
 
in Table III. Formula III was found to have
 
the highest protein, crude fiber and ash con
tent. The high protein content of Formula III
 
as compared to Formulae I, II, IV, V & VI is
 
probably due to the high protein content of
 
winged bean compared to mungbean, pigeon pea
 
and coconut. The crude fiber content of the
 
six formulations ranged from 2 to 3%. Maximum
 
fiber levels in Title II food commodities ranged
 
from 1.5 to 2.5% (Jansen, 1976). Thetolerable
 
level of crude fiber for adults isapproximately 



4 to 61 (1R1I personal communication). :On
 
the basis of tolerable crude fiber content,
 
the six blends are considered suitable for
 
both pre-school and school feeding programs.
 

Table I. 	Lists of Mixtures of Cereals/Legumes/Nuts Successfully Extruded by using a Brady
 
Crop Cooker
 

Formula Cereal 	 Legume . : Nut 

I : 62% Corn 25% Pigeon pea 	 13% Peanut 

II 	 70% Corn : 20% Mungbean 10% Peanut 

I1I : 	 35% Corn 30% Winged bean
 
35% Rice
 

IV 	 10% Corn : 70% Cowpea : 10% Coconut 
10% Rice 

V 70% Rice 	  30% Dessicated Coconut
 
(partially defatted)


VI' 	 60% Rice : 	 40% Dessicated Coconut
 
(partially defatted)
 

Table II.' ExtrusionTemperature 

Formula IOptimum Temperature of. Extrusion (OF) 

320
 

"II 	 320 

III 	 265 

IV 	 260 

V 	 365
 

VI 	 365 

Table III. Proximate Analysis of the Six Blends
 

FORMULAE 

I " II : III IV V VI
 

_Moisture 	 : 8.0 : 9.0 
 : 7.0 7.0 5.0 : 6.0
 
Protein 160 15.0 : 17.0 
 : 18.0 9.0 12.0 

Fat 	 : 6.0 : 8.0 : 7.0 : 3.0 : 4.0 : 5.0 
Ash 	 : 2.0 K 2.0 : 3.0 : 2.0 : 2.0 : 3.0 

Crude Fiber : 2.0 3.0 : 3.0 : 3.0 : 2.0 : 3.0
 
Carbohydrate : 66.0 63.0 62.0 : : 79.0 :
64.0 	 72.0 
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Table IV. Protein-Calorie Content of the Six Formulations Compared to CSM and Breast Feedint 

Commodity 	 % calories from
Kcal : 	 Protein : Fat .
 Carbohydrate 
 Protein 
 : rat
 
CSM : 373 : 19 
 6.0 


Formula 
 I : 382 
 16 
 : 6.0 

S II : 384 15 
 : 8.0 

" III : 398 : 17 7.0 

IV : 355 : 
 18 : 3.0 


V : 398 : 9 
 1 : 4.0 

VI : 381 
 12 : 5.0 


To assay a more realistic nutritional im-

pact of the extruded blend, one has 
to consider 

the calorie density of the blend and the pro
tein-energy-ratio. 
Table IV shows a comparison

of the percentage of calories supplied by pro-

tein and fat to that of corn soy milk (CSM)
blend. The percentage of calorie supplied by

fat in Formulae I, II, & III are comparable to 

that of CSM, while the percentage of calories 

supplied by protein in Formulae I, II, III &
IV are quite comparable to that of CSM. 
In 

areas like the Philippines where children are 

consuming primarily rice with small amounts of 

legumes, the protein level can be safely re-

duced to 12% of calories if PER's are at least
 
equal to 80% of casein and digestibility is

adequate as measured by infant feeding (Jansen,
 
1976).
 

Since all six formulations except Formula
 
V are capable of supplying at least 12% of

calories, the nutritional contribution of the
 
extruded blends in terms of protein and cal
orie is quite promising. However, it is im
perative that PER's and digestibility studies
 
be conducted.
 

To determine the quality of the protein

of the blend, one has to determine the amino
 
acid composition of each blend. 
Dr. G. Richard
 
Jansen of Colorado State University is of the
 
opinion that calculation of amino acid scores
 
from the Food Composition Table will be suffi
cient 
 to assay the amino acid composition

of the blends. 
Table V gives the theoretical
amino acid 	composition of each blend, and Table 

VI shows th amino acid scores of each blend, 

Tryptophan was found the most limiting amino
 
acid in Formulae I, II, V & VI. 
Formulae III
& IV were found to contain adequate essential 

amino acid based on the calculation of amino

acid scores. 
Of the six formulations, Formula 

IV, consisting of a mixture of 70% cowpea

(Vigna sinesia), 15% rice, 10% corn and 10% 

coconut, gave the highest amino acid score,

This was perhaps due to the relatively higher

amount of legume (70%) in the mixture compared 


62.0-
 20.4 : 14.5
 
: 66.0 
 : 17.0 
 14.0
 
: 63.0 15.6 : 19.0
 

65.0 	 : 
 17.0 : 16.0
 
: 64.0 
 : 20.0 
 : 8.0
 
: 79.0 
 : 9.0 : 9.0
 
: 72.0 
 12.0 : 11.0
 

to the legume content of the other blends (20
to-30% legume).
 

Recipe Development
 

All the six extruded blends can be market
ed as a cereal snack that can be eaten from
 
small bags. 
The snacks 	have to be deep-fat
fried and seasoned with salt and pepper prior

to consumption. 
This process of deep-fat-fry
ing can either be done by the use of pushcarts

located on school campuses (Figure 5) or by the
 
housewife.
 

Figure 5. 	Pushcart used for marketing LEC
 
snacks.
 

Another form of marketing the extruded
 
blend is to powder it into a flour by passing

it through a pin mill grinder. The LEC flour/

grit can be utilized for the preparation of a
 
beverage, a porridge or a puree which is usee

for infant feeding, while bakery products and

noodles can be utilized for school feeding

programs (Tables VII & VIII). 
 For the prepara
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tion of the beverage, the LEC flour is dissolved utilized for the preparation of butter cookies
 
in ht water and flavored with chocolate and (100 % LEC flour), buns (20% LEC flour) and
 
sugar, while in the porridge dish, the LEC grit pan de sal (lean doughbread, 5% LEC flour)'.
 
is boiled for about 5 minutes and flavored with A mixture of LEC flour and wheat flour in the
 

chocolate, milk, and sugar. Three purees, ratio of 1:19 was found successful in the pre
namely, chayote, sweet potato and banana puree, paration of Chinese vermicelli and egg
 
were fortified with the LEC flour in the ratio noodles (Figures 6, 7, 8 and 9).
 
of 1:1, then boiled and sweetened. The LEC
 
flour was found highly soluble in hot water.
 
For the bakery products, the LEC flour can be
 

Table V. Theoretical Amino Acid Composition of Formulae I, II, III, IV, V & VI
 

FAO Std. F O R M U L A E
 
Amino (1973)
 
Acid :g/16 gm N2 : I II III : IV : V : VI
 

5.8 : 5.2 : 5.04 : 13.5 : 7.5 5.6
Isoleucine : 4:
 

: 9.3 19.5 : 11.0 : 8.3

7 10.5 : 9.6
Leucine 


Lysine : 5.5 : 7.2: 8.9 : 6.95 : 13 : 7.1: 5.4
 

Methionine
 
+
 

Cysteine : 3.5 : 3.3 : 3.0 : 3.57 . , 8.5 5.8 : 4.4 

Phenylalanine
 
+ . , i . " ,, 7:8 i'!: :,16.1 :: 6.3, • 4.7 

Tyrosine 4 7.3 8.4:774 7: 6.3 

Threonine : 4 A: 5.6: 5.2 : 4.91 1:-0.2 5.3 4.0 

Tryptophan : 1 : 0.5 : 0.1i 0.95 1.98. 0.67 . - 0.5 

Valine : .. : 5.8<: 5.8 : 5.35 25.5 877 6;5
 

Table VI. 'T eoreticai Chemical Score Composition -of Formiulae I, II';"III IV, V & VI
 

Amino FO R,M UL'A E
 
Acid : I : I III : IV 
 V VI
 

soleucime. 4, 41~;30-: .126 : 337 4 88, 140 
1eticine V: 150 : 137"a~ 133 : 278M 157 : 118 

236 1 126,:,Lysine'- 236 : 129 : 98 

Methion6ine +
 
Cysteine 94 : 86 : 102 : 243 : 166 : 125
 

Phenylalanine. "•
 
+ Tryosine ., 182 : 207..: 196 402 : 156 117 

Threonine : 140 :: '130 : "123 : 255 : 132 : 100 

Tryptophan 50* , '-10*: 95 : 198 67* 50* 

Valine : 416. : 116 : .107 : 510 175 : 130
 

* limiting amino acid 
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Vormula of 
each Recipe Beverage 

Formulae I & II 

Formula V chocolate 
drinks 

Formula VI 

Puree 


: chayote 

sweet potato 

banara 


: squash
 

: squash
 

Table VIII. Lists.of Recipes for School Feeding Program 

Formula of
each Recipe . :. Snack--
 Noodle 


Formulae I,& II butter-flavored
 
'molded LEC flour
 
(pulvoron)
 

Formula III butter-flavored mami Chnese 

molded LEC flour vericelli 
(pulvoron) 

Formula IV - glory curls Chinese noodle : 

Formula V . butter-flavored 2 Chinese noodle : 
molded LEC flour 
(pulvoron) 

Formula VI chippy : 

Porridge
 

chocolate-flavored
 
boiled LEC grits
 
(champorado)
 

Cookies Bread 

butter cookies 

butter cookies 

butter cookie.i 

. 

butter cookies : nutribun 

pan de sal 

PIC
 

Figure 6. Snacks made out of LEC flour. 
 Figure 7. Glory curls made out of LEC flour.
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Figure 8. 	Baby foods made out of 100% LEC 

flour. 


Acceptability Test 


A total of twenty (20) recipes were devel-

oped and subjected to organoleptic evaluation. 

The recipes intended for pre-school feeding 

were evaluated by mothers of malnourished 

children. As shown in Table IX, the mothers 

showed highest preference for banana puree, 

compared to sweet potato and chayote puree.
 
Out of 20 mothers, 85% graded the banana puree
 
as "liked very much," compared to 70% for the
 
sweet potato and 50% for the chayote puree.
 
However, no mothers graded the banana puree as
 
"disliked," while 10 and 25% of the mothers
 
rated as "disliked" the sweet potato and
 
chayote puree, respectively.
 

Table IX. 	Results of Acceptability Test For
 
Infant Group (Formula I and
 
Formula II)
 

Liked Moder-

Formulation 
1. Banana 

Very 
Much 

ately 
Liked Disliked 

puree 17 3 0 

2. Sweet
 
potato
 
puree 14 4 2 


3. Chayote 	 .
 
puree : 12 3
puree1 3. ..
 

Figure 9. 	Butter cookies made out of 100%
 
LEC.flour.
 

Acceptability tests for snacks, noodles
 
and bakery products intended for school feed
ing programs were conducted on a total of one
 
hundred eighty-nine (189) school children.
 
The results are shown in Table X. Fritters
 
abtained the highest preference due to their
 
crispness and seasoned flavor, while glory
 
-urls rate- second. Butter cookies were rated
 
-east acceptable (Figure 10).
 

L ~ ~ 

igure 10. 	Acceptability test conducted with

school children for LEC products.
 

A list of the most acceptable recipes us
.ng LEC flour is shown inTable XI. A total
 
of 13 recipes were developed and found acceptable when field-tested with malnourished pre

schoolers and school children in six elemen
tary schools. All recipes are given in
 
Appendices I to VIII.
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Table X. Results of Acceptability Tests With 

School Children (Formula III)
 

Not 


Formulation : 
Extremely 
delicious 

Delic-
: ious 

delic-
ious 

1. fritters 40 0 : 0 

2. glory curls: 17 : 7 : 0 

3. noodle ; 
(Chinese 
vermicelli 

2 : 27 0 

4. butter-
flavored 
molded LEC 
flour : 1 ,' 21 : 6" 

5. cookies : 2 : 20 : 6 

Pre-Pilot Plant Cost Estimate 


So far, our experiments on the processing 

of LEC snack/flour/grits were conducted on a 

batch-type laboratory scale. Only short runs
 
(2hrs/run) were evaluated. It is not possi-

bleat this stage with the data and information 

on hand to determine with acceptable accuracy 

the 	cost of processing the LEC products. The 

pilot plant is needed to gather the pertinent 

economic data needed for the determination of
 
exact unit costs. 


Despite the insufficiency of data, very
 
preliminary cost estimates were calculated. 

Using these estimates, we feel that the LEC 

products will be very competitive with exist
ing snacks on the market. Our preliminary 

estimates show that the present retail prices 

of snacks like chippy, cheese curls, pretzels,
 
etc., are 5-to-10-times more than the cost of 

manufacturing LEC snacks. We therefore feel 

that-the LEC products will be economically

viable. 


Table XI. List of -ost 


Formulations I & II 


1. 	banana puree 


2. chocolate-flavored 

glutenous rice 

porridge (champo-


rado) 


3. 	butter-flavored 

molded LEC flour
 
(pulvoron)
 

FUTURE PLANS
 

In August 1978 Red V Coconut Products,'Ltd.
 
and 	the Philippit.e Women's University/Philip
pine Institute of Nutrition, Food Science and
 
Technology, agreed to conduct R & D work on
 
coconut food products. The initial efforts
 
were centered on coconut-corn or rice blends
 
using the Brady extruder inatalled at the
 
BATEK Center.
 

After testing several formulations using
 
coconut meat in combination with either rice
 
or corn, a RICOCO blend (60% rice plus 40%
 
dessicated coconut) was found technically fea
sible on a laboratory scale. Because of the
 
encouraging results obtained, the PWU/PINPST
 
and Red V will jointly undertake a pilot plant

study on the production of RICOCO snack flour/
 
grit on a pilot plant scale. The pilot plant
 
study will have the following objectives:
 

A. 	To verify on extended runs the find
ings of short-run (1 hr. or so) trials
 
of extrusion cooking using the Brady
 
cooker.
 

B. To produce sufficient quantitites of
 
RICOCO for test-marketing and test
processing into food products like
 
RICOPEK, RICOCO cookies, RICOCO nut
ribuns, COCORIZ flour, etc.
 

C. To correct operating bugs encountered
 
during the pilot plan operations.
 

D. 	To secure design data for the projec
ted commercial-scale.RICOCO plant.
 

E. 	To secure economic data for forecast
ing its economic viability.
 

F. To prepare technical bulletins on 
RICOCO and its uses., 

. . 
The material and flow diagram are shown
 

in Figure 11.
 

Acceptable Recipes Using Extruded Blends
 

: III 


11. fritters 

: 2. glory 

: curls 

3 Chcurss. 
: 3. Chinese 

veriel 

: 


IV 


: 1. Chinese 

'noodle.'!: : r 


: 2. glory 

: 

: 
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.: V'' &' VI 

: 1, butter cookies
 

2. chippy
 
: 3. sweetened puree
 

4. nutribun
 

5. squash puree
 



Rice Dsicated Coconut 

Sa SalScale 

rDeep Fat Frying Reduction Mill 

Ricopek Cocoriz Flour 

Figure 11. Flow diarameoferthe production system for RICOCO snack flour/grit. 
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Tha estiaated capacity of the RICOCO 

pilot plant is 600 kgs. of RICOCO per shift
 
of eight hours. This will require 480 kgs

of rice flour and 320 kgs of coconut meal. 

The coconut meal will contain 25%-to-30%
 
oil 	and 18%-to-20% protein so that the 

RICOCO will contain 3%-to-4% oil and li%to-12.5% protein. 


The pilot plant will produce RICOCO, 

RICOPEK and COCORIZ, the products that will
be test-marketed. 
Technical sales bulletins 

showing utilization of RICOCO and COCORIZ 

will be written, together with tested and
 proven recipes. 


CORORIZ cookies, COCORIZ pulvoron and 

COCORIZ nutribuns will also be developed and
produced as examples of the utilization of 

RICOCO and COCORIZ.
 

If the results of the extended pilot

plant runs indicate an acceptable viability 

of the proposed RICOCO manufacturing project,
Red 	V Coconut Products, Ltd. will put up the 

manufacturing and marketing facilities on
 a commercial scale. 


APPENDICES 


Appendix I 


Formula I
Standard Receipe for Chautporado 


Ingredients: 
 Amount Used:
 

LEC 	grits 
 cup

water 
 3 cups 

cocoa 
 1 tablespoon
 
sugar 
 3 tablespoons.

Yield: 4 servings

Procedure: 


1. Boil LEC grits for 5 minutes. Stir 

continuously.
 

2. 	Mix sugar and c.ocolate to the mixture. 

Mix well until done; 


3. 	Serve with eilki 


Appendix II 

Standard Recipe for Pulvoron
 

Ingredients: 
 Amount Used:
 

LEC 	flour 
 cup
margarine 
 2 teaspoons 

sugar 
 10 tablespoons


Yield: 
 30 pieces at 3 pieces per serving 
10 servings
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APPENDICES (continued)
 

Appendix II (Cont'd)
 

Procedure:
 

1. 	Toast LEC flour. Set aside.
 

2. 	Melt margarine in a frying plan.
 

3. 	Add toasted LEC flour, sugar and salt to
 
melted margarine.
 

4. 	Mix ingredients thoroughly.
 

5. 	Cool and mold.
 

6. 	Wrap individually.
 

Appendix III
 
Standard Recipe for Chips
 

Ingredients: 
 Amount Used:
 

LEC snack 
 cup
 
salt 
 I tablespoon
 
pepper 
 1 tablespoon

vegetable oil 
 h cup
 

Yield: 4 servings (25 gms. each)
 

Procedure:
 

1. 	Fry LEC snack for 20 seconds and let it
 
drain.
 

2. 	Add salt and pepper.
 

3. 	Pack.
 

_Appendix IV 
Fritters
 

IngredIents 
 Amount Used:
 

LEC flour 
 1 cup
flour 
 1 cup
 
-ornstarch 
 cup
 
lalt 
 1 teaspoon
ISG 
 2 teaspoons
 
seasoning 
 2 teaspoons
 
water 
 3 cups
Yield: 15 servings
 

Procedure:
 

1. 	Mix the ingredients thoroughly.
 

2. 	Pour the mixture into an aluminum pan.
 

3. 	Steam for at least 2 minutes.
 

4. 	Cut into 1" x 2" pieces.
 



(continued) 

Appe..x IV (Cont'd) 

5. 	Dy in an oven until hard and translucent. 


6. 	FrY in deep fat at 400OF just before 

serving.
 

Appendrx V 


Banana Puree
 

Ingredients: 
 Amount Used:
 

LEC flour 
 cup

ripe banana 
 cup

water 
 16 tablespoons

milk 
 3 tablespoons 

sugar 
 3 tablespoons


Yield: 2 servings 


Procedure: 


1. Peel & boil banana in a minimal amount 

of water, then mash.
 

2. Dissolve the LEC flour in 16 tablespoons
water and simmer until thick. 


3. 	Mix with mashed banana thoroughly.
 

4. 	Pour the milk into the mixture or shake 

the mixture in bottle to obtain finer
texture. 


AppendixVI 


Noodle (Chinese vermicelli)
 
-gredients: 
 Amlount Used: 

LEC 	flour 
 2h cups
 

wheat flour 
 3 cups
whole eggs 
 2 pcs. (whole 


egg) 100 gms.

water 
 2 cups
salt 1 tablespoonoil 1-3/4 cups 


Yield: 75 servings
 

Procedure:
 

1. 	 Sift All dry ingredients together,
2. 	Dissolve salt in water. 


3. 	Add whole eggs and water to dry ingred-

ients. 


4. 	Incorporate dry and liquid ingredients to
 
form a dough to approximately 1/8" thick
 
and cut into strips of desired width.
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Appendix VI (Cont'd) 

5. 	Pre-cook noodles 
i boiling water with oil.
 

6. 	Drain properly.
 

Appendix VII
 
Golorias (Glory Curls)
 

Ingredients: 
 Amount Used:
 

LEC flour 
 1 cups
wheat flour 
 2 cr.os
 
sugar 
 17 cups

milk 	 3-1/4 cups
 
eggs 
 3 pieces

cooking oil 
 1 cups

Yield: 12 servings
 

Procedure:
 

1. 	Sift all dry ingredients.
 

2. 	Beat eggs until foamy.
 

3. 	Add dry ingredients alternately with the
 
milk ap! mix thoroughly.
 

4. 	Knead and r-l1 
on flour board adding flo
if necessary.
 

5. 	Cut in strips 1 " long and one inch wide
 

6. 	Press with fork tines and roll with the
ends of the fork.
 

7. 	Deep fat-fry until golden yellow.
 

8. 	Use paper towels to remove excess fat.
 

9. 	Roll in sligar and dip in syrup. Cool. 

10. Pack in polyethylene bag and seal.
 

Appendix VIII
 
Butter Cookies
 

Ingredients: 
 Amount Used: 

LEC flour 1-3/4 cupswheat flour 
 3/4 	cup

l 
 cup


margarine 

2 tasspoons
 

sugar 
 3/4 	cup
eggs 
 5 whole eggs

Yield: 12 servings
 



JM0fl (Continued) 

Appendix VIII (Cont'd) 

Procedure: 

1. 	 Cream the margarine until soft and flul 

2. 	Ad4 sugar, then the eggs. 


3. 	When all of these ingredients are well-

blended, add wheat and LEC flour,blend
alternately with the milk. 


4. 	Blend well. 


5. 	Drop on cookie sheet, one teaspoonful e
 

6. 	Bake at 3506F.
 

Nutribun 


Ingredients: 
 Amount Used: 


Wheat flour 
 500 gms. 

LEC flour 
 250 	gms.

yeast 
 10 	gms.

sugar 
 60 	gums.
yeast food 
 2.5 gms. 

salt 
 10 	gums.
shortening 
 50 	gms. 

milk 
 35 	gms.
water 
 425 	gms.


Yield: 18 pieces 


Procedure: 


1. 	Mix all dry Ingredients. 


2. 	Add water and mix thoroughly to form a 

dough.
 

3. 	Ferment for 3 hours. 


.	 ixagain and cut into pieces at least 

50 grans per piece.
 

S. 	 Let it rest for 20 minutes. 

i. Bake at 3500F.
 

LppendixX
 

Pan de sal
 

:ngredints 
 Amount Used:
 

Wheat flour 
 500Se.
 
LEC 	flour 
 250 gas.
yeast 
 10 os. 
sugar 
 60 	gm.

yeast food 
 2.5 son.
 

APPUDICU (Continued) 

Appendix X (Cont'd)
 

salt 
 10 gos. 
shortening 50milk 35 j 
water 
 425 	gr~i.Yield: 60 pieces
 

Procedure:
 

1. 	Mix all dry ingredients.
 

2. 	Add water and mix thoroughly to form a
 
dough.
 

3. 	Ferment for 3 hourc.
 

4. 	Mix again and cut longitudinally to form
 
a long stick-like shape about 1 " thick.
 

5. 	Cut into pieces at least 30 gms. each.
 

6. 
Let 	it Lest for 20 minutes.
 

7. Bake at 350*F.
 

Appendix XI
 
Chocolate Beveraga
 

Ingredients: 
 Azotnt Used:
 

water 
 1 cup

cocoa 
 2 tablespoons
 

LEC flour 
 2 teaspoons
 
sugar 
 2 teaspoons

milk 
 cup


Yield: 1 serving
 

Procedure:
 

1. 	Dissolve cocoa and LEC flour in hot/cold
water.
 

2. 	Add sugar and milk.
 

3. 	Mix thoroughly.
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Pamne Prentaton: Characterlstics of LEC's and Manufacturing E.xp een 

Wayne Fox 
Triple "F" Company 

Des Moines, Iowa 

It is a real pleasure to be here in Tanza-

nia to see our many friends from around the world 

and to discuss a subject of common interest to
 
all of us--one that can play a vital role for 

humanity in the years ahead. Unfortunately, 

there is so much to be discussed and so little 

time to do it, we must condense our remarks 

here today. 


Others, including Mr. Paul Crowley, have 

given you extensive background on the develop
ment of low-cost extruders and work that has 

been done adapting those extruders to supplying 

food supplements to developing countries. I 

will try to briefly tell you about Triple "F's" 

experiences and recent developments. 


As most of you know, Triple "F" became 

interested in developing a piece of low-cost, 

safe, economical equipment for the processing 

of whole soybeans fifteen years ago. After 

building approximately five different units to 

*"roast" soybeans and doing extensive research 

as to their nutritional and economic value, 

in January of 1969 we came up with the idea 

of the "dry" extruder, where the heat to pro-

cess the beans was created strictly from pressure 

and friction with no need for additional energy. 

Our testing with livestock proved this method 

more economical and safer than the roasting 

methods. 


After the first machine, powered by the 

P.T.O. (power take-off) shaft of a tractor, was 

hand-built and the feasibility of the idea was 

confirmed, we had the Wenger Manufacturing 

Company of Sabetha, Kansas build us a pilot 

model. The first unit never left the Wenger
 
plant, because after it ran for thirty minutes 

it was obvious that many modifications were 

needed. 


After we redesigned the equipment, two 

more units were built. One was placed in a 

machine shop on our farm just west of Des Moines, 

Iowa, and was powered by a 100-hp Perkins 6-

cyl. 354-cu. in. diesel engine. During the 

spring and summer of 1969 anproximatnly 1400 

tons of soybeans were extruded through this 

unit, and approximately 50 design changes
 
were made to it. '4e then had Wenger build 

five more units, and these were placed in our 


1/7 Registered trademark.
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own feed manufacturing-plants in September
 
and October of 1969.
 

After incorporating the design changes,
 
we then had Wenger build another 50 units,
 
and later on, another 50. The first 105
 
units built were powered by 75-hp or 56
kW electric motors, and that size unit of
 
the Insta-Pro extruder is now referred to
 
as the Model 2000.
 

In 1970-71 we felt a need for a smaller
 
piece of equipment, and we designed the
 
Insta-Pro Model 500, which was driven by
 
a 50-hp or 37.5-kW electric motor. Approxi
mately 300 of these units have been manu
factured and sold since 1972. Upheavals and
 
adverse economic developments relating to
 
the use of "full-energy soybeans" (cooked
 
whole soybeans) in relationship to regular
 
soybean meal in 197C-71 made us turn our
 
attention to the use of the Insta-Pro ex
truder for other purposes. In 1972 we
 
developed and patented a process called
 
"Golden Pro,"1/ which was a substitute
 
protein supplement for ruminant animals to
 
replace natural protein at a cost of approxi
mately one-eighth the per-unit price of
 
protein. In 1975 and 1976, 120 units were
 
sold to the U.S.S.R. for the purpose of
 
building 20 plants of 6 extruders each.
 
It is our understanding that the U.S.S.R.
 
has now copied the machine and has built
 
approximately 1,000 more units, and that
 
"Golden Pro" is the standard protein sup
plement used for dairy and beef animals
 
all over the the Soviet Union.
 

Further reasearch has led us Lo the
 
use of the Insta-Pro extruder for manu
facturing such other items as corn-soy
 
mixtures for use in baby pig starters, com
plete starters for both swine and calveo,
 
pet foods (for which there is a 3-billion
dollar-per-year market in the U.S.A. alona),
 
extruded trout and catfish foods and, lately,
 
fresh-water prawn food. We have quotes out
 
right now to Thailand, South Africa, Hawaii
 
and others for prawn food plants.
 

We are continuing our research on such
 
things as food for laboratory animals, rodent
 



baits, detoxifying rice bran, reclamation of 

waste products such as poultry waste, steriliz-

Ing the aflatoxin in cottonseed meal, whole
 
cottonseed and linted cottonseed, and many other 

uses. 


The newest development in the livestock 

industry recently is the discovery of the 

benefits for dairy cattle and young beef cattle 

of a low-soluble, highly-non-degradable natural 

protein for use in the production of milk and 

beef. Time does not permit an explanation of 

this now, but we have sold 10 or 15 Model
 
2000 Insta-Pro extruders in December and 

January for this product alone. 
These machines 

have gone to Germany, England, Ireland, Mexico, 

France, South Africa, Malasia and others. We 

are working with the American Soybean Associa-


having 10% ofrits fuel supplied from alcohol
 
made from sugar cane in the very near future.
 

A Ph.D. and bio-chemist from Minnesota
 
claims thiat with the use 
of the dry extrusion
 
system he can reduce the time required to make
 
alcohol by 75% and the cost by 60-75%. If
 
he !s correct, it might be possible to produce
 
alcohol cheaper than is presently the case in
 
the U.S., and it certainly would be far less
 
than the cost in such countries as Japan, France,
 
or England.
 

We have left the research and development
 
on human food products pretty much to Colorado
 
State University and, unfortunately, they
 
have been so busy with projects in Costa Rica,
 
Tanzania, Guyana, Sri Lanka and others that
 

tion, the Universities of Washington, Wisconsin, they have had very little time to 
devote to
Illinois and Massachusetts and Purdue U. 

on current research projects. 


Seeing Dr. Siegel here reminds me of a 

new development in the soybean program--one 

which could have a far-reaching effect on the 

LEC program. Someone in the eastern United
 
States--Georgia, I think--has 
come up with a 

new variety of soybeans that has a protein con-

tent of approximately 44-45% in its natural 

state, rather than the 38-39% now prevalent, 

The regular soybean industry, as it is now 

structured, is based on the amount of oil 
con-

tent of the bean and not on the protein con-

tent; consequently, there is no real interest 

in promoting the development of a high-protein 

variety. We at Triple "F", however, are very 

fascinated by the prospect of increasing the 

protein content of soyabeans by 15-20%, since 

we feel that it is of great economic advantage 

in our purpose of helping to alleviate protein

deficiency in LDC's. Because of this we are 

endeavoring to secure 
some of this seed and 

shall go into a seed-growing program to greatly 

increase the production of this seed for use 

in the programs using LEC's. 


We are also working with the University 

of Washington on the processing of surplus 

peas and various varieties of beans. 


I should mention as a point of interest 

the newest concept for the use of the Insta-

Pro extruder. At the present time, there is 

a great deal of discussion world-wide and parti
cularly in the U.S.A. about energy, or lack 

thereof. One of the solutions proposed is the 


researching products produced on the Insta-

Pro extruder. Most of the original work has
 
been done with the Brady, because it was easier
 
to operate and has a larger capactiy than the
 
original Model 500 Insta-Pro extruder which
 
Colorado State University has
 

We have made extensive improvements on
 
and modifications to the Model 2000 Insta-

Pro extruder which have increased its capacity,
 
its flexibility and its ease of operation.
 
For example, we have made new single-fligbt
 
screws which reduce the shearing action in the
 
machine and make it much smoother-running on
 
high-starch ingredients such as wheat and corn.
 
We are now able to produce straight extruded
 
cornmeal, which was impossible with the old
 
double-flight screws. 
We have redesigned the
 
volumetric feeder with a larger motor and have
 
doubled the screw size feeding the extruder.
 
We have changed the head of the machine so
 
there are now options available to make con
figured products, and we have built within
 
the last 60 days a new type of cutter--variable
 
speed and three times as powerful--to handle
 
the high-starch, configured products.
 

I'm sorry that space did not permit
 
me to bring each of you samples of the various
 
products which we make. 
I do have a few samples
 
with me which you may examine, however, and
 
if you would like a sample sent to you, gi-:e
 
me your request and I'll mail them to you soon
 
after my return to the U.S.A. on February 1.
 

In 1978 we completed a new pilot plant
 
in Des Moines for research and production of
 use of carbohydrate materials for the production experimental products. 
We have installed grinding


of alcohol to use to extend the supply of 
 and milling equipment, four Model 2000 and one
gasoline and fuel oil. 
For the time being, Model 500 Insta-Pro extruders, cooling equip
the amount of energy expended to produce alcohol ment, fat-spraying equipment, vitamin-and
 
makes iv impractical on an economic basis; how-
 flavor-dusting equipment and packaging equip-.

ever, Brazil, for example, has the goal of 
 ment. We now produce approximately 20-25 tons
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of various products per 10-hour day in the facil
ity, and I personally invite each of you to visit
 
us at the first opportunity you have.
 

I have with me new brochures showing the
 
new configuration of the Insta-Pro extruders
 
and allied accessory equipment. If anyone
 
does not get one, please let me know, and I
 
will nail you one immediately upon my return
 
to Des Moines.0
 

If you have any questions, please ask me
 
personally during our next few days together.
 

The InstaPro Model 2000 extruder.
 

The Triple "F" plant in Des Moines, Iowa, USA. 

i11
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Hank Sterner
 
Appropriate Engineering and Manufacturing Co.
 

Corona, California
 

During 1975, while on the staff of Meals 

for 	Millions Foundation (MFM), I was assigned 

to develop a low-cost extruder cooker for the 

production of structured vegetable protein 

(SVP). Other imposed design objectives were 

that the machine could be manufactured and 

repaired in developing countries. The first 

was 	built in MFM'S machine shop which was 

equipped with a Bridgeport milling machine, 

an engine lathe, and a welder. Automobile 

parts, available the world over, were used 

in the power train. The first attempt at 

dissemination of this technology took place 

in Korea at the Korean Institute of Science 

and 	Technology (KIST). Performance of this 

machine is reported in other papers, 


During 1977, Appropriate Engineering and 

Manufacturing Company (AEMC) was organized 

to continue designing low-cost, simply-

manufactured food processing machinery useful
 
in developing countries. It was here that 

the 	303 extrusion cooker was developed. This 

unit was specifically engineered for less 

developed countries (LDC's) with emerging food 

industries. Unlike the HFM model, the drive 

system employed in the 303 model is a high-

torque timing belt and gear pulleys. This 

advanced design allows 95% power efficiency 

and 	a more compact and easy-to-clean machine, 

The 	size of the 303 extrusion cooker is such 

that it is excellent as a research tool in
 
the 	developed countries and as a production 

unit in LDC's where SVP and extrusion cooker 

products are being introduced. 


Appropriate Engineering's first model 

303 extrusion cooker was installed in the 

Dominican Republic. Structured vegetable 

protein and snack food from corn, soy and oats 

have been produced on a pilot basis and are
 
being evaluated for the market place. 


Two more 303 extrusion cookers are under
 
construction, one for commerical operation in 

Madera, California to produce a corn-based 

snack food. The second unit will be placed 

by Appropriate Engineering in a testing 

facility for further research and will be 

available for demonstration. 


Only limited information has been obtained
 
that relates to the production capabilities of 

the 303.extrusion cooker. Considering the 

material being processed and the product 

desired, one can expect outputs on the order 


of 68 to 136 kilograms per hour. SVP has been
 
produced at the rate of 110 kilograms per hour
 
at about 40Z of power demand on its 30-horse
power electric motor. Our SVP screw is design
ed to solve the problem o. operation insta
bility by controlling free vapor which teds
 
to interfere with the in-feeding of material
 
and 	surge through the outlet dies. Th!3 con
trol is made possible by the use of dcuble,
 
alternately-interrupted flights and a L/D ratio
 
of fourteen to one. This SVP screw design
 
reduces horsepower consumption per pound of
 
product when compared to machines employing
 
steam locks. Appropriate Engineering's screw
 
fabrication is accomplished by wrapping and
 
welding rectangular, stainless steel around
 
standard 2-irh schedule 40 stainless steel
 
pipe. This s'nlified method of fabrication
 
eliminates the ned for special milling equip
ment and significantly lowers the cost.
 

The motor power is transmitted to the
 
screw through a high-torque drive belt. Unlike
 
flat and V-belts, the belt does not rely on
 
friction for pulling power. Slack-side tension
 
is practically eliminated and tight-side
 
tension is reduced. As a result, bearing life
 
is prolonged. Belt sprockets used for drive
 
reduction are selected on the ratio of four to
 
one, resulting in a screw speed of 430 revo
lutions per minute from a 1750 RPM motor.
 

By a selection switch the extruder main
 
drive is interlocked with other drives and
 
switches to avoid inadvertent adverse start-up
 
and shut-down procedures. For instance, the
 
extruder screw power must be on before the
 
water and infeed material will flow in. Like
wise, the water will shut off if the infeed
 
screw is shut down.
 

r Three devices for feeding material to the
 
extruder's main screw are available:
 

1. 	Declining force feed which employs a
 
variable-speed flight rotating about
 
a stationary shaft. This insures
 
product movement to force feed
 
material to extruder screw. The feed
 
bin is self-emptying and does not
 
aerate the materials.
 

2. 	Inclining feed with floor-height bin
 
employs a variable speed feeder that
 
conveys material to the extruder from
 
a low-level bin which is easy to
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manually load. Both declining 
and Inclining feeders are powered 
by a one-horsepower DC motor.
 

3. An inexpensive vibrator feeder which
 
feeds free-flowing material with 

unsurpassed linear control. 


Water is added to the incoming dry mix 

material through a water line equipped with
 a pressure regulating valve and flowmeter 

which terminates at a special water injection

valve located in the extruder barrel,
 

The extruder is equipped with inter-

changeable stainless steel barrel 
segments

which contain removable splines, These 

features extend the useful life of the barrel. 

Segmented barrels are easy to assemble and

disassemble, allowing fast change-over 

between runs and facilitating cleaning. As an 

option, jackets are available for both 

straight-and spiral-splined barrels. 


The cut-off is driven by a one-HP/DC 

motor. 
The cutter swings easily into position 

once the desired product is established, and 

blade clearance can be adjusted during 

operation, This design assures sharp, 

accurate cutting for excellent product

uniformity throughout the run. 


A die plate with inserts is available 

for the discharge end of the barrel. 
However, 

to further lower costs, we provide a die plate

without inserts. Instead, the plate has a 

single-or multiple-hole pattern, depending on 

material to be processed and the size and 

shape of desired product. 


The 303 extrusion cooker frame is enclosed
 
with an easy-to-clean 304 stainless steel
 
shroud which has no surfaces where product

and water accumulate. Maintenance is rela
tively inexpensive, since worn or damaged
 
parts can be replaced locally rather than
 
imported. All bearings should be greased every

400 hours. Worn screw and barrel parts

should be replaced when product quality is 
not
 
easy to maintain or production rate drops.

No definitive wear-rate data are available.
 

The 303 extrusion cooker is flexible yet

simple in design, which broadens the extruder's
 
capabilities to match the imagination of the
 
manufacturer to produce such products as those
 
shown in Table I.
 

Table I. 303 Extrusion Cooker Products
 

Cereals Fish Foods 

SVP (structured vegetable

protein)* 
 Pet Foods
 

Baby Foods Soup
 

Breads 
 Snack Foods
 

*We believe the 303 extrusion cooker is the
 
least expensive machine capable of producing

SVP. Several optional features are available
 
to meet the needs of the purchaser or manufac
turer.
 

Appropriate Engineering has built an
 
experimental direct-drive, high-speed extruder
 
cooker. Significant further savings in manu
facturing have been achieved. AEMC has plans
 
to engineer a pre-conditioner to fit the 303

unit. Prior experience while ccnducting tests
 
on extruders with pre-conditioners has shown
 
at least three advantages: (1) less destruc
tion of added colors and flavors added to in
feed materials; (2) greater gelatinization of
 
starches in materials containing high fat;
 
and (3) less extruder screw power-demand and
 
wear, resulting in greater product capabili
ties and quality. Appropriate Engineering
 
is now evaluating conditioner designs.
 

Brochures are available describing the
 
303 extrusion cooker. Price quotations and
 
assistance in selecting options are also
 
available from Appropriate Engineering and
 
Manufacturing Company.
 

AEMC's Model 303 extrusion cooker with feeder
 
and cut-off.
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Ronald E. Tribelhorn, David A. Cummings, Joe D. Kellerby
 
Department of Agricultural and Chemical Engineering
 

Colorado State University
 
Fort Collins, Colorado
 

INTRODUCTION 


The primary purpose of Colorado State 

University's role in the LEC program has been 

to test and evaluate the capabilities and limita
tions of LEC's. A large portion of the tests 

documenting the machines' capabilities was 

completed during the initial phase of the pro
ject. The scope of the project has evolved 

with time and now incorporates applications of
 
the LEC technology in addition to the evaluation 

program.
 

The major activities of the LEC project 

by CSU are given below.
 

EVALUATION OF LEC's
 

CSU has been testing two extruders which
 
are classified in the low-cost category. The 

extruders are: 


1. 	Brady Crop Cooker, Koehring Farm 

Division, Appleton, WI. ,, 


2. 	Insta-Pro Extruder, Triple 'F" Feeds,
 
Des Moines, IA. 


Koehring manufactures the Brady in two models: 

1) the Model 206, which is a portable unit:and
 
powered from an ancillary power source, usually 

a diesel engine; and 2) the Model 2160, which
 
is an electric-powered stationary unit. Both 

models have a throughput of approximately 450
 
kg/hr. 


Triple "F" also manufactures 
two models
 

of the Insta-Pro machine: 1) the Model 500, 

which is electrically powered with a through
put of approximately 225 kg/hr, and 2) the Model 

2000, which is also electrically powered but
 
with a largerdiameter. The throughput of the 

Model 2000 is approximately 450 kg/hr.
 

CSUh laboratory consists of equipment
 
which is portable to allow any type of con-

venient arrangement for manufacturing foods.
 
They are: 


1. Insta-Pro, Model 500, diesel engine-

powered 


2. 	Brady, Model 206 diesel engine-powered
 

3. Proportioner mill, Modern Mill, Model
 
600
 

4. 	Reduction mill
 
a. 	Fitzpatrick Model D comminuter
 

b. 	Sturtevant pin mill
 

5. 	Blender--Falcon ribbon blender
 

6. 	Dehulling equipment
 
a. 	Sturtevant scourer-aspirator #3
 

b. 	Cracking mill
 

CSB 	STUDY
 

One of the largest-studies to date dealt
 
with the ability of a LEC to manufacture a
 
product which would meet or exceed the ASCA
 
specifications for Title II foods. Studies
 
have been made with corn and soybeans to
 
develop the:
 

1. 	Methods of manufacture
 

2. 	Types of preprocessing required
 

3. 	Types of postprocessing
 

to manufacture corn-soybean blend (CSB).
 

In addition, products manufactured were

analyzed for: 

1. 	Proximate analysis
 

2. PER
 

;3. Storage
 

4. 	Organoleptic tests
 

5. 	Bacteriological tests
 

6. 	Functional tests
 

At the last workshop, a study which surveyed
 
the possibilities of manufacturing CSB by cooking
 

165
 



the Ingredients together or separately and

followed by blending s reported. The 
results indicated that cooking the ingredi-

ents separately had no distinct advantage 

over cooking them together. Therefore, it 

was concluded that to manufacture CSB, the
major ingredients 
 should be blended together

prior to extrusion. 


Shortly after the first workshop, a 

second test was designed which would give
additional information on the processing and 

preprocessing. 
The test consisted of extru-

slonat different temperatures of combinations 

of 70% whole corn/30% whole soybean, 70% whole

corn/30% dehulled soybean, and 70% dehulled 

corn/30% dehulled soybean. The test was de-

signed to determine how differing fiber 

levels affected the product. The fiber con-

tent can be reduced by removing some of the 

fibrous seed coating of corn and soybean prior

to extrusion. The three formulas tested 

represent differing fiber contents, giving a 

good spectrum of products.
 

Nutritional results on products made 

during these tests are given in Dr. Jansen's

workshop presentation. Manufacturing informa-

tion as measured in the laboratory is given

in Table I. Data showed that specific energy
for both extruders was not affected signifi-

cantly by removal of hulls; however, due to

the abrasive nature of the seed hulls, it is 

expected that the extruder components, sus-

ceptible to wear, will last longer, 


Low-cost extrusion cookers have proven to

be quite effective for heat-treating soybeans

and destroying the naturally-occurring anti-

nutritional factors. In addition, reports
are available on the effect of using a 
LEC to

bind the gossypol in cottonseed and also to 

manufacture corn/cottonseed products. A 

study was done on cereal/cottorseed products

with the following objectives: 


1. Determine the LEC's capabilities to 

process nutritious foods from cereal 

and cottonseed blends. 


2. Determine the most suitable'cereal/

cottonseed composition and corre-

sponding processing conditions re-

quired. 


3. Determine the effect of processing 

on the binding of gossypol. 


Test data are given in Table II for combinations of both glanded and glandless cotton-

seed with 60, 70, and 80% cereal. Selection 

of these percentages was based on proximate
 

166
 

analysis of the raw materials and the objec
tived to provide 15-20% protein in the*extruded
 
product. Although three temperatures were
 
tested, Table II gives only the most practical

extrusion temperature for each machine.
 

Both the Brady and Insta-Pro machines could

extrude all ingredient combinations successful
ly; however, the Brady extruded blends at
higher temperatures than the Insta-Pro.
 

Tests with the Insta-Pro indicated that the
 
oil percentage in the blend with 60% cereal
 
approached an upper limit. 
Ail possible con
figurations were tried with the largest steam

locks (screw restrictions); however, the great
est success was achieved when the single-orn
fice die was used and the adjustable orifice
 
tightened down, so that large back pressures

occurred at the discharge of the extruder.
 
Changing of the cereal type did not have a

large effect on the operation of either ex
truder.
 

OTHER STUDIES
 

Other studies on the low-cost extrusion
 
cookers are summarized inTables III-IV.
 

Table III gives operational data from a

vitamin retention study. Whole corn/whole soy,

whole corn/dehulled soy, and dehulled corn/

dehulled soy combinations were extruded with
 
vitamins which were added to either the raw
 
ingredients or blended into the corn/soymixture

in a batch process. The two methods were compared, and results indicated that some vitamins
 
were destroyed during the extrusion process.
In most instances, the addition of vitamins to

the corn/soy mixtures prior to extrusion re
sulted in higher extrusion energy requirements.
 

A study on how the uncooked viscosity

(cold water gruel) of the extrudate might be
 
reduced by changing processing conditions was
 
conducted. 
Corn and sorghum were combined
 
equally with 5% soybean and extruded with added
 
and without added water. 
Test data are given
in Table IV. Energy remained relatively con
stant for all samples, and results indicated
 
that the viscosity was not altered significantly.
 

Table V summarizes data using chickpea

blends made at CSU. 
These samples were made
 
for Dr. Shah of Pakistan for his evaluation
 
prior to receiving a LEC. 
Results indicated
 
that chickpeas combined with different cereals
made an excellent product. Low throughputs
 
were recorded due to the greater difficulty of
 
extruding this oil-free formula.
 

Table VI gives data on extrusion of cassava
 
and potatoes combined with dehulled soybeans.
 



TABI I CSB Data 

Percent Cereal
 

70% Whole Corn 70% Dehulled Corn
Test Parameter 

Insta-Pro Brady Insta-Pro Brady
 

A. Dehulled Soybean/Cereal
 

1. Average Feed Rate, kg/hr 162.8 342 163.6 375
 

2. Average Water Mdded,kg/hr 6.8 0 13.6 0
 

154 171
3. Temperature Cooked, °C 154 169 


27.8 11.9 30.3
4. PowerkW 11.5 


0.081
5. Specific Energy,kWh/kg 0.071 0.082 0.073 


B. Who1e Soybean/Cereal
 

1. Average Feed Rate, kg/hr 157.9 365
 

2. Average Water Added, kg/hr 7.9 0
 

3. Temperature Cooked, oC 154 171
 

4. Power, kW 12.3 30.8
 

5. Specific Energy, kWh/kg .,0.078 0.084
 

TABLE II - Cottonseed Extrusion 

Test Parameter
 
PERCENT CEREAL
 

60% 70% 80% 
Insta-Pro -Brady nsta-Pro Brady Inte-Pro Brady 

1. CORN/GLANDLFSS COTTONSEED 

A. Average Feed Rate, kg/hr 168 216 144 312 150 252 

B. Average Water Addedkg/hr 0' 0 0 0 6.3 0 
C. Temperature Cooked, °C 147 152 149 171 151 171
 

20.6 ,11.3 38.7 15.6 32.6
D. Power. k 11.2 

E. Specific rnercy,kWh/kg 0.058, 1.095 0.079 0.124 0.104 0.129 

2. SORGIIUN/CI.AINDLESS COTTONSEED 

A. Average Feed Rate, kg/hr 162' 252 160 244 198 276
 
0 0 00 , 2.97 .9.66B. Average Water Added, kg/hr 0 Oc , 

C. Temperature Cooked, °C 146 170 149; 170' '135 171 
1.2 28.6 11.2 28.7 ' 14.7 36.2D. PowerkW 

0.118 0.074 0.131
E. Specific Energy,kWh/kg 0.069 0.113 .0.067 

3. CORN/CLANDLESS COTTONSEED 

144 270
A. Average Fee.d Rate, kg/hr 168 234 162 270 

0 0 5.5 0B.Average Water added, kg/hr 0 '1. 0. 

149 163 143 169 146 171
C.Temperature Cooked, OC 

D.Power,kW 1 11.1 25.3 14.4 32.4 13.7 35.7 

0.120 0.132
E. Specific Energy, kWh/kg 0.086 0.108 0.008 0.095 


4. SOY DEAN/GA!'MESS COTTONSLFD 
243 168 294 180 255A. Average Fec Rate, kg/hr .174 

0 0 0 1.5 9.0 9.69B. Averoge Wat,-r Added, kg/hr 
147 171 14,9 171C. Teiiijrature Cookcd,fC 149 170 

26.9 10.2 35.9 14.8 33.0D. Power,kW 15.1 
1.07 0.111 0.079 0.125 0.082 0.130
E. Specific Enorgy,k~h/kg 
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TABLE III - Vitamin Study 

Without Vitamins Added Vitamink
 
Vitamins Inline Batch Blended
 

1. Whole Corn/Whole Soy 

A. Average Feed Rate, kg/hr 346.2 
 316.2 316.2
 

B. Average Water Added, kg/hr 10.2 10.2 10.2
 

C. Temperature Cooked, 0C 163 163 
 163
 

D. Power,kW 21.2 33.4 34.1
 

E. Specific Energy,kWh/kg 0.090 0.106 
 0.108
 

2. Whole Corn/Dehulled Soy
 

A. Average Feed Rate, kg/hr 328.2 316.2 316.2
 

B. Average Water Added, kg/br 10.2 10.2 
 10.2
 

C. Temperature Cooked, °C 163 
 163 163
 
D. PowerkW 29.9 
 30.9 33.5
 

E. Specific Energy,kWh/kg 0.091 
 0.098 0.106
 

3. Dehulled Corn/Dehulled Soy.
 
A. Average Feed Rate, kg/hr 378.1 316.2 322.2
 

B. Average Water Added, kg/hr ;12, ,10.2 10.2
 
C. Temperature Cooked, 0C " 163: -163 163
 
D. Power,kW 38.8. : 31.4 38.1 

E. Specific Energy,kWh/kg 0.103 0.993 0.118
 

TABLE IV -.TestAParameters1for Study: onEffect; of Processing Conditions on ,Product Viscosity 

1. Percent Corn 47.5. 47.5 47.5 .47.5
 
2. Percent Sorghum 47.5 47'5 47.5 47.5
 
3. Percent Soybean ,5.0 5.0 5.0 5.0 

4. iW-rage Feed Rate, kg/hr '450 444*.444 462 
5." ,-:ge Water Added, kg/hr 0 3.0 0 9.5
 
6. Tim.. rature Cooked, oC 154 171154 171 
7. Power, kW 40.1 35.2 33 7 37.0 
8. Specific Energy, kWh/kg 0.079 0.008
0.009 0.076 
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All products made were satisfactory; however, 

specific energies appeared higher for both 

cassava and potatoes compared with similar 

products using cereals.
 

TSP
 

Ar. effort has been made to manufacture 

texturized soy protein (TSP) on LEC's. A 50 

PDI 	(protein dispersion index) defatted soy
bean meal was used in the test design. Pre-

conditioning of the meal was required as 

follows: 


1. 	Pretempering of soymeal to approxi-

mately 30% moisture content. 


2. 	Preheating of soymeal and water to 

710C. 


3. Preblending with 0.1% sulfur addition.
 

Sulfur is an extrusion aid which is not suita-

ble 	for human foods. 


Comparative data are listed in Table VII 

The 	Brady could not produce TSP because of 

difficulties occurring with the feeding system. 

Transition plugs were frequent and texturiza-

tion occurred inconsistently. The feed system 

was 	altered to incorporate the vibratory 

feeder. Results were more positive, but 

inconsistent texturization still occurred. 


TSP was made successfully on the Insta-

Pro extruder. Texturization occurred on a 

consistent basis and the product made was 

considered acceptable. 


Consistent feeding to the extruder was 

necessary to produce TSP. When feeding was 

erratic, extrusion would generally be inter-

mittent and would be followed by a long period 

of transition to reach equilibrium. It is
 
felt at this time that the Insta-Pro is the 

only machine that can manufacture a consistent 

TSP product. More complete tests are scheduled 

for later this year based on the experience 

gained in this initial trial, 


CURRENT MAINTENANCE AND DURABILITY DATA 


CSU has been able to obtain specific data 

on certain machine-related problems for LEC 

operations over the past two years. Several
 
items which have been noted are discussed 

below. 


Drive Train Problems 


The drive train for the Brady 206 crop 

cooker has caused considerable problems in 

Sri Lanka. Reports have indicated that 
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universal joint center parts will last for only
 
300 hours before repair is required. Causes of
 
drive train problems are:
 

1. 	The high torque transferred through
 
the components.
 

2. 	The inability of the universal bear
ings to operate properly, thus causing
 
severe wear of the race surfaces.
 

The 	universal joints generally heat up
 
rapidly, which would be expected if the bear
ings were not adequately designed for the
 
torque transferred. Reducing the power source
 
and/or increasing the speed should reduce the
 
load and the heat build-up. A smaller power
 
source (lower hp) should be used which does not
 
have the added power to continue running when
 
operational or mechanical failure occurs, thus
 
causing severe damage to components.
 

Sri Lanka has reported that the boltswhich
 
secure the conein place on the Brady have
 
sheared off. This problem is almost unique to
 
this plant. The apparent explanation appears
 
to be related to extruder plugs which occur in
 
the plant. Reasons for the plugs are not
 
apparent but may be related to the formulation
 
with a low oil content. In the extraction of
 
the rotor, the threaded holes in the end of the
 
rotor have been strained by a puller attached
 
there. Over a period of time, the bolts will
 
not hold as designed. New bolts were installed
 
in the rotor: however, these bolts were made of
 
mild steel rather than high-tensile steel as
 
specified. These bolts can shear easily if by
 
chance the cone is adjusted too closely to the
 
cup.
 

It has been somewhat difficult to identify

the 	useful life of a specific extruder com
ponent. Data are available only for the plants
 
in Sri Lanka and Tanzania.
 

Sri Lanka has indicated that a new Brady
 
cone/cup replacement will last between 200-300
 
hours. Cones have been rebuilt using hard sur
face rod (HSR); however, the life is about
 
one-half of the original cone.
 

Rotor wear (original) in Sri Lanka has
 
been ranging between 200-400 hours of operation.
 
Rebuilding the rotor with HSR has shown that
 
the rotor will last up to four times as long
 
as the original.
 

Tanzania has reported wear on cups and
 
cones to be as low as 60 hours and rotor wear
 
as few as 150 hours (moderately worn). Reasons
 
for the excessive wear are not known; however,
 
some of it may be attributed to the higher
 
rotational speed of the rotor (1,000 rpm vs
 
540 rpm). The alternate cause may be due to
 
some undetectable foreign material in the
 



TABL V - Chickpea P,lend@ 

CEREAL
 
Te t Parameters 50% 50% 50%
 

Chickpea/Cereal Corn Sorghum Rice Wheat
 

A. Average Feed Rate, kg/hr 279.5 279.5 261.5 450
 

B. Average Water Added, kg/hr 9.5 9.5 9.5 0
 

C. Temperature Cooked,OC 160 166 153 154
 

D. PowerkW 21.4 35.1 19.7 35.4
 

E. Specific Energy, kWh/kg .077 0.090 0.075 0.079
 

F. Uncooked Viscosity (cp) 71,200 50,860
 

TABLE VI - Cassava and Potato Blends
 

Test Parameters Percent Cereal Component 

Casava Potatoes 
50 60 70 40 70 

1. Dehulled Soybean/Cassava 

A. Average Food Rate, kg/hr 648 516 437 

B. Average Water Added, kg/hr 0 0 5 

C. Temperature Cooked, oC 169 168 163 

D. Power,kW 66.7- 65.1 -58.4: 

E. Specific Energy,kWh/kg 0.103 0.126 0.133 

2. Dehulled Soybean/Potato 

A. Average Food Rate, kg/hr 474; 403, 

B. Average Water Added, kg/hi 0 1.1 

C. Temperature Cooked, C 16T 170,,.v, 

D. PowerkW 54.,2_ 48,8 

E. Specific Energy kWh/kg 04i4 +i 0.121 

TABLE VII - TSP (Textured Soy Protein) Extrusion.

1. Parts DSG (50 PDI) 100 100
 

2. Parts Water 30 30
 

3. Parts Sulfur 0.1 0.1
 

4. Steam to 820C 820C
 

5. Throughput,kg/hr 272 227
 

6. Screw Speed, RPM 450 300
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raw materials, the presence of some soybean 
hulls and very hard, flinty corn. 


CSU is working on the problems related 

to faster-than-expected wear. Clean raw 

materials and careful operations are certainly 

important. However, it is felt that the final 

solution may be improved metallurgical design 

of the extruder. 


RELIABILITY OF LEC AND SYSTEM 


Using a data-collection protocol, . 

reliabiliLy information on LEC systems was 
gathered more extensively. The data below 
were compiled from the two operating plants, 
Sri Lankaand Tanzania. 

Sri Lanka
 

Sri Lanka has been in operation since Lhe 

Spring of 1976. This demonstration site was 

the first, and initial design deficiencies 

have been resolved. Reliability data are 

given for the most recent fiscal year, 1978. 


Sri Lanka is using a Brady Model 206 

powered by a diesel engine. The total system 

consists of storage, milling, cooling and 

bagging equipment. Cleaning of raw materials
 
is done by a private miller who also manages
 
the plan. Dehulling of raw materials has 

been omitted, since the final product of the
 
plant is used as an extender for a PL 480 

commodity, ICSM, and the percentage in the 

final blend is small. 


Table VIII gives operating data for 

Sri Lanka. Operation efficiency, a comparison 

of actual hours worked to the scheduled hours,
 
was 66%. Production efficiency, indicating 

the plant throughput when operating compared 

to the expected throughput, was 106%. Pro-

duction on a per-scheduled-hour basis was 

319.2 kg/hr. 


Data in Table VIII give a breakdown on 

the operating efficiency of 66%. Examination 

indicates that the majority of the downtime 

was associated with material, transportation, 

power and labor problems. These items make 

up 64% of the downtime, leaving 36% to equip-

ment-related problems. It can be concluded 

that given the management environment, the
 
plant performed quite well.
 

Tanzania 


Tanzania reliability data are given in 

Table IX. The data summarize five months of 

operation from June to November. The Tanzanian 

plant has a dehulling system for soybeans and 
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receives corn grits from a nearby mll. The,*
 
remainder of the processing systu consists of
 
milling, cooking, blending, and i ackaging

'equipment. Blending was incorpoiated into the 
plant so that vitamins and winer tls could be, 
added to the ground precooked formula. The
 
plant has a Brady Model 2160 elctric-powered
 
extruder to heat-treat the raw corn and soybean
 
mixture.
 

Operating data indicated that luring the
 
five-month period, the plant performed
 
exceptionally well--93% of the scheduled oper
ating time, producing 442 kg/scheduled hour.
 

As in the case of Sri Lanka, downtime for
 
Tanzania was composed of largely non-equipment
related causes. Approximately 74% of the down
time was due to lack of material, power, late
 
starts, or items which could not be identified.
 

Analysis of product formulation informa
tion during the five-month period indicated
 
that the ingredient percentages u~ad did not
 
vary too significantly from the desired formula,
 
except for the vitamins and minerals. Vitamin
 
and mineral inputs were close to 50% lower than
 
desired. This may be due to incorrectly weigh
ing the blender ingredients. Operational
 
changes have been instigated to correct this
 
deficiency.
 

LEC--Brady Downtime Summary
 

One major objective of the demonstration
 
sites is to evaluate the LEC systems while
 
operating under production conditions. One
 
method of evaluating the performance of the
 
LEC system is to examine causes and frequency
 
of downtime events.
 

Tables X and XI give data which describe
 
downtime events and the percentage of the
 
scheduled operating time that resulted. For
 
the Sri Lanka plant, the majority of downtime
 
was due to universal joint center parts on
 
the drive train. These failures are a result
 
of the high torque transmitted through the
 
drive train. This problem has virtually been
 
eliminated with the Tanzania system where the
 
power train rotates at a higher speed, which
 
means less torque being required for the same
 
power. The remainder of downtime events are
 
either wear-related or operator error.
 

MODIFICATIONS TO LEC SYSTEMS
 

The first LEC system with which CSU has
 
been associated was installed in Sri Lanka in
 
1976; however, they are constructing a new
 
facility which will be scheduledfor the summer
 
of 1979. Since that time, additional systems
 
have been designed. They are located in
 



TAM V11. 1ri Lanka Operating Summary 

l.I'Scheduled working days - 253 
,2. Scheduled hours per day - 15 


:3."' Scheduled production per hlrm - 455 kg/hr 
4. Total hours worked - 2,514 
5. Production recorded - 1,211,300 kg 
6. Operating efficiency - 66.2% 
7. Production efficiency - 106% 

8. Prodt ction per scheduled hour - 319.2 kg/hr

9. Downtime (percent of scheduled time): 


A. Equipment-Related 

(1) Brady - 5.8% 

(2) Modern Mill - 0.2% 

(3) Conveyors - 1.7% 

(4) Diesel Engine - 2.0% 


B. Material-Related - 5.3% 

C. Labor-Related - 0.4% 

D. Power-Related - 3.3% 

E. Other - Lack of transportation - 8.3% 

10. Product Formulation 

A. Desired 


(1) Maize - 75% 

(2) Soybean - 25% 


B. Actual (From Inventory Record) 

(1) Maize - 17.6% 

(2) Soybean - 22.4% 


TABLE X. Summary - Brady Downtime Sri Lanka 

Event Percent of Total 

Brady Downtime 


1. Old Cutters Broken 
 1.0 


2. Broken Core Bolts 
 11.9 


3. Worn Center Parts Kit 26.4 


4.. Broken PTO 
 5.9 

5.Wrnidore 
 54 


6.'" Hydraulic Motor 10;91 


7. P 


8. Broken Cup Retainer Bolts 12.3 


9. Overhaul of Brady 4.4 

10. Transition Plug 0.3 


.11. Broken Cylinder Rib 8.0 


TABLE XI. Summary - Brady Downtime Tanzania
 

Percent of Total 

Event Brady Downtime 


1. Transition Plugs 83.3 


2. Drive Train Shear Bolts Broken 4.6 


3. RoLor-Related 
 12.1 
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TABLE IX. Tanzania Operating Suary 

1. Scheduled working dayi - 105
 
2. Scheduled hours per day,- 8.
 
3. Scheduled prodt.etion per hour - 450 kg/hr 
4. Total hours worked - 782 
5. Production recorded - 371,320 kg 
6. Operating efficiency - 93.1%
 
7. Production efficiency - 106%
 
8. Production per scheduled hour 442.1 kg/hr
-
9. Downtime (percent of scheduled time):
 

A. Equipment-Related
 
(1) Brady - 2.1%
 
(2) Modern Mill - 0.2%
 

B. Material-Related - 1.8%
 
C. Labor-Related - 0%
 
D. Power-Related - 2.2%
 
E. Oher
 

(1) Late start - 0.4%
 
(2) Miscellaneous - 2.1%
 

10. Product formulation
 
A. Desired
 

(1) Soybean - 27.7%
 
(2) Maize - 64.8% 
(3) Milk - 5.0% 
(4) Vitamins - 0.1%
 
(5) Minerals - 2.4%


B. Actual (From Inventory Record)
 
(1) Soybean - 25.75%
 
(2) Maize - 68.5% 
(3) Milk - 4.1% 
(4) Vitamins - 0.05%
 
(5) Minerals - 1.6%
 

Percent of
 
Scheduled Hours
 

0.1
 

1.6
 

3.5
 

0.8
 

0.7
 

1.5
 

1.8
 

1.6
 

0.6 

0.1
 

1.1
 

Percent of
 
Scheduled Hours
 

1.8
 

0.1
 

0.23
 



Tassania. Costa lice and Guyana and are in 
various phases of planning or operation. 
Tauasna has been in operation for six months; 
Costa Rica is scheduled to begin production in 

8'abruary 1979; and Cuyana in early surmer 1979. 

Changes and modifications have been made 

to each plant to expand its capabilities or 

Improve its performance and durability. Hodi-

fications to the process systems are listed
 
below. 


1. 	Replacement of the screw conveyor 

carrying the extruded product to the 

cooler with a belt conveyor, 


2. 	Incorporation of blending equipment 

to mix vitamin and minerals into 

the product. 


3. 	Modification of the Brady crop cooker
 
to eliminate the hydraulic feed 

system. The feeding system has
 
been replaced with a vibratory 

feeding system directly to the 

extrusion screw, 


4. 	Inco;"porationof an impact dehulling 

system to remove the hull from both 

soybeans and corn. 


5. 	Incorporation of industrial screw 

conveyors. where applicable, to 

replace the light-duty screw 

conveyors. 


6. 	Addition of cleaning and ad~oning 

equipment for raw materials, 


Experience in Sri Lanka made it evident 
that the hydraulic fluid in the Brady was
 
easily contaminated, causing considerable
 
wear to the hydraulic components. Designs
 
were developed at CSU to incorporate a vibra
tory feeding system to replace the existing
 
injection auger. Tests made with this new
 
system indicated that the extruder operation
 
was 	not changed, but that the transition plug 

(a common operational problem) could be
 
eliminated, since the transition is exposed
 
to the atmosphere and can be unplugged with a 
soft probe should it occur. In addition, 

streaming back, caused by operational error,
 
can 	be easily detected and corrective 

measures taken irnediately. The new modifica-

tions are shown in Figure 1.
 

Hodifications to the drive train and rear
 
bearing of the Brady have also been examined
 
by CSU to improve reliability. These modifi
cations are only in a preliminary stage. Tests 

will be made and data gathered to ensure that 
these changes are necessary and (4o improve the 
ability of the Brady to operate on a contiiiuous 
basis. These modifications are: 
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1. 	 A continuous lubrlest/is system for 
the rear bearing or Incorpordm of 
modification to the boring housit 
to permit grese entry betwsm the 
two 	bearings.
 

2. 	A continuous lubrication system for
 
the universal joint center parts of
 
the drive train.
 

Both of the above modifications are pre
liminarily designed to utilize an independent

continuous lubrication system that would allow
 
cooling of the lubricant. High-viscosity oil
 
would be pumped through the bearing housing
 
and through the universal housing assembly.
 
When the modifications are refined and the
 
data are collected, an announcement vill be
 
mrde.
 

SI1MRY 

The evaluation of LEC's and systems has
 
been extensive. They have been found to be
 
effective processing tools for the production
 
of low-cost nutritious foods using indigenous
 
ingredienta in LDC's. To date, mostprocessing
 
information exists on mixtures of cereal and
 
soybeans.
 

Operating performance of LEC's has
 
indicated they can be successfully operated in 
an LDC environment with operators anipersunnel 
Inving normal skills. Some modifications to the 
Brady extruder appear to have improved its 
performance and durability. Further data are
 
being taken to document periotmances, systems
 
and capital and operating costs.
 

Swo
 

VttIIcaI
 
liIgbutty 	 rcecr 

/"-
> 
-/

l"oppo into
 
Rotor
 

Figure 1. Brady feeder modification.
 



PaW Pmsaitslon: Chaaeetmlosi of LEC's and Manufeutuk, E flon 1-

Koehring Farm Equipmnt Division
 
3800W. Wisconsin Avenue
 

P. 0. Box 1279
 
Appleton, Wisconsin 54912
 

December 21, 1978
 

Hr. Ronald E. Tribelhorn
 
Department of Agricultural & Chemical Engineering
 
Colorado State University
 
Fort Collins, Colorado 80523
 

Dear Ron:
 

I am sorry to report that prior commitments do not permit the opportunity for
 
us to participate in the L. E. C. Workshop in Tanzania. 
With this letter, I
 
am asking you to relay my contributions to the panel discussion.
 

We at Koehring Farm Equipment Division are pleased with the continuing investi
gation and evaluation for the use of low-cost extrusion cookers. 
We feel that
 
the machines can meet a real need in a number of areas in the world.
 

During the period since the first workshop in Colorado, we have continued to
 
ship Brady extrusion cookers, many unito going for the processing of food
stuffs. Most of these units have been shipped to 
less developed countries.
 
From our continuing repair parts sales activity, we have confirmed that a large

number of machines sold in previous years to farmers in the United States for
 
livestock feed pcocessing are continuing to be used for that purpose. The
 
machine was introduced in 1971 initially for that purpose, and we have been
 
pleased to participate in the application of simi]ar units for food preparation
 
in less developed countries.
 

Our company has made it known that we are interested in selling the Brady ex
trusion cooker product line to a qualified buyer who will further explore,

service and exploit opportuntlies for the machine. We will be concentrating

our efforts on otir existing other agricultural equipment product lines. In
 
the meantime, we will continue to sell and service machines.
 

I am sorry I cannot participate personally in this workshop, but I am pleased
 
to be able to contribute in this brief manner.
 

Sincerely,
 

H; D. Van Peursem 
President & 
General Manager 

HVP/mk 

I/ 
Hr. Van Peursem's letter was read to the assemblage by Hr. Tribelhorn.
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Panel Discussion 

Moderator:
 

Mr. Alden Ackels
 
Santa Rosa, California
 

Mr. Ackels: 


To repeat a question from this morning, 


what are you going to do about parts that
 

wear out too quickly? 


Mr. Fox: 


I'm answering strictly on bias, because 


nobody is referring to my machine. I think 


probably we've had five times the experience 


that anybody else has had with this. In 


other words, we've been making machines for 


ten years and we've run hundreds of thousands 


of tons. 
And let me tell you that nobody can 


tell you what kind of wear you're going to 


get on a machine until he knows (1) the pro-


duct that you're going to run, (2) at what 


temperature you're going to cook it, and (3) 


how well you're going to clean the ingredients 


There are many variable factors,
beforehand. 

and I'll give you two extremes. The first 


model 2000 extruder that ever came into 


Africa went into Uganda. A man by the name 


of Dr. Harrison started the program there in 


1969, and he ran through the model 900 about 


3,000 tons betore he ever replaced a part. 

Now I must point out to you that every soybean 


was handwashed and dehulled before it went 


into the program--and I found that hard to 


believe myself. By the same token, I had a 


plant in Brownwood, Texas with 6 model 500's 


and we operated them 24 hours a day. We 


were processing P-ybean screenings--when you 


take soybeans fLim the U.S. they are supposed 

to be screened and the dirt, weed seeds, hulls
 

and cracks removed--and we brought this pro-

duct in and ran 1300 tons per month. The
 

product ran from 12-to-27% ash; everything 

that won't burn is ash, as you know. That can 


be minerals, sand, dirt, whatever, and 


believe me, when you put 27% sand in an 


extruder, it isn't going to last very long.
 

We kept a full-time welder in that plant, nnd 


every 8 hours we changed the barrels and the
 

screws. 
When we changed shifts, one-by-one 


we pulled all the screws and rewelded them. 


You could rebuild a barrel about 4 times 


before it would actually break. In that plant 


we had replacement costs of $10.91 a ton for 


spare parts. Since we also had a $40-a-ton 


margin in the product, we could afford to 


spend $10.91. Then suddenly the price of oil 


went up, the price of the screenings went up, 


and we no longer had the margin so we shut 


the plant down. It's a matter of economics. 


My point is that one man runs 3,000 tons, and
 

we have run as low as only three tons per
 

machine before we had to replace parts.
 

One thing I noticed here yesterday is
 

that all ingredients nee. to be well-cleaned
 

because of the humidity and dirt in the air.
 

I understood yesterday that you have had
 
I'm going
excessive wear on your machine here. 


to guess from the product that I ate yesterday
 

that you're not getting quite so good a job of
 

screening on that product as you should,
 
the cleaning equipmeit.
although I didn't see 


I know that the beans you have are very hard
 

to process, and the reason you are not getting
 

them dehulled is the fact that they are
 

immature, green. I don't know what the mois

ture content was. When we first came out
 

with this machine, we tested the bean by
 

laying it on the floor and hitting it with a
 

hammer. If it shattered, it would extrude
 

well. If it flattened out you were in
 

trouble, because then you had to screw that
 

machine down until there was no clearance
 
I noticed
between the cone and the rotor. 


yesterday that the machine was runni'-g at
 

3350. At that temperature the proJuct should
 

have been a lot more puffed than it was, which
 

indicates that the beans are a little doughy.
 

It's very hard with the type of dehulling
 
equipment you've got to dehull a bean of that
 

structure. It's small, and when it hits those
 

rollers, it has a tendency to just compress
 

and then pop right back out with the hull
 

intact.
 

Mr. Ackels:
 

Ron, I believe you and your associates
 
did some work that indicated that the tempera

tures we are using might have some bearing on
 

this problem. Do you want to mention that?
 

Mr. Tribelhorn:
 

In the evaluatio,- we did--I'm sure most
 

of you received a copy of the evaluation of
 

the Brady--one of the things we found out was
 

that with the high temperatures the parts
 

maybe hardened, but that with time you get an..
 
annealing effect. 
 In other words, it softens,
 

with time because of the temperature. ThiO.
 

is particularly true of the cone; it's very
 
hard, but after it's been used it gets softer
 

as you go from the center to its outer edge
 

which rides near the edge of the cup. 
The
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61m thing is true of the rotor helix: it is 

very hard, but 
as you near the output end 

closer to the die, it tends to anneal also. 

I would like to mention that in Sri Lanka 

we oriftnally had about 100-300 hours of 

procef4.ng time on a cone. 
We tried to 

rebuild those with hard surface rod, which 

helped, but they lasted only about half 

that time--150 hours. 
The rotor was in use

200-400 hours before it 
was worn out. We 

rebuilt it with hard surface rod with a
Rockwell hardness of about 68. 
 The data I've 

seen indicate that it lasted about 4 times 

longer, that Is, 
about 800-1000 hours. In
 
Tanzania we are getting a lot more wear, so we 

have instituted a rebuilding procedure here;

however, the wear time is not quite so long 

as with the hard surface rod. I would like to 

get information from everybody else who has 

worked with the Brady in production situations 

or even in small demonstration sites as to 

what kind of experiences you have had con-

cerning wear. 


Ing. Clark: 


We in Costa Rica produce 756 kilos of 

product an hour. 
 In one year, or in 233 days, 

we produce 1.5 million kilos, and we only had 

wear every 800-to-1000 hours; 
so it really

depends on the type of product and the 
raw 

materials. The rotor should give you at 

least 800 hours with no problem. Incidentally

I wanted to mention, regarding flattened-down 

product, that the minimal puff we had yester-

day is the result of defective raw materials, 


Dr. Harper: 


How much do you get on your cones? 


Ing. Clark: 


We have a system wherein we change the 

cones every three-to-four weeks to make sure 

we get longer use of the bearing and the rotor,

If the bearing is new, the rotor will give you 

more output; conversely, if the rotor and the 

bearing are both getting worn, then you are 

going to get faster wear. So whenever you 

take out the rotor to clean it, or you have 

a plug-up, you check the bearing; 
if it is a 

little worn, put 
a new bearing on. In our 

experience this system gives a really good 

result, and because of the price of the rotor, 

you just can't operate without a system. And 

when the bearing starts to give you a hard 

time, you can be sure that you have a bad 

rotor, 


Our present output of 756 kilos per hour 

is with a very dry product, using dry soy and 

the dry green peas. 
I don't know what's 

going to happen when we start working with 

local corn products, but with the dry green 


peas we have a really good output. We have
 
no wear and our maintenance cost is perhaps
 
ten times less than the maintenance cost yau

people have here. 
Our experience is that
 
maintenance cost is insignificant. The only
 
big cost for us is the hydraulic oil because
 
it is very expensive, but maintenance cost
 
due to wear is very small.
 

Mr. Nyakunga:
 

How is it that we have very good produc
tion efficiency if our soybeans are 
poor?
 

Mr. Sterner:
 

Let me first address this problem of wear.
 
I have done some experimental work with
 
rotating cones in the earlier model at Meals
 
for Millions. Using a rotating cone on the
 
screw similar to that of the Brady, I found
 
that there was considerably more wear than
 
there was in just a die plate. I also found
 
when using 17-4 stainless steel that the heat

did not anneal; in fact, 
the inner parts of
 
the barrel that screw in actually became
harder as the heat increased. Addressing your

question more directly, in the product that I
 
saw it appeared as 
if there were raw portions,

large pieces of product that were really
 
under-cooked. 
 Even the outside, the finer
 
grind which was more homogenous, had pieces
 
only marginally cooked. 
 I think your produc
tion rate is up because you are just not
 
putting in that much energy. The more
 
materials you put through, the shorter the
 
residence time; therefore, your production is
 
up and your wear is higher.
 

Mr. Fox:
 

My experience is that if the beans are
 
soft, you have 
to raise the temperature to
adequately process them. 
In order to raise
 
the temperature, you apply more heat and
 
pressure; anytime you apply more heat and
 
pressure, you get more wear. 
My point earlier
 
was that the product was being run at 
3350,
 
which is fairly high and which means you 
are
 
applying quite 
a bit of pressure to that bean.
 
I also think there was abrasive matter in the
 
corn, although I did not see 
it. I got that
 
opinion because I tasted quite a bit of
 
product. 
 I agree that there were portions not
 
adequately cooked and expanded. 
 I didn't
 
examine the product 
to try to determine whether
 
they were chunks of soybean or corn, but I
 
would almost bet that if you opened your modern
 
mill you would find your hammers are very dull.
 
Those hammers are reversible, that is, they
have two cutting sides. 
Once the hammer
 
becomes dull and you start getting larger
 
particle size, you're going to have more
 
difficulty cooking them and you're going to
 
have more wear on your machine. It's cheaper
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to cut it with a haer mill than it is to 

grind it with the extruder. As I said, I 

didn't see your cleaning equipment or the 

grains that were going into it, but I know 

you should have a more adequate job of cooking 

at 3350 with that machine than you do. And if 

you're going to run it up to 3350, you're 

going to get more wear. 


Ing. Clark: 


What is the price of the new extruder, 

and is it possible to make a couple of small 

changes to the Brady to get the same results 

as we would get with the 303 but with a bigger 

output? 


Mr. Sterner: 


The 303 machine is basically $4,000, 

including its 30-h.p. motor. There are 

brochures here in case anyone would like one. 


Dr. Harper:
 

What is the capacity?
 

Mr. Sterner: 


The capacity is 68-136 kilograms& 

Ing, Clark: 


At 136 kilogramsit'is not comparable to 

the Brady, 


Mr, Sternert 


Yes, I would say one of its disadvantages 

is that it has a limited production rate. We 
haven't really been able to do much test work 
on this machine, and the lack of evaluation is 
the biggest disadvantage. 

Mr. Tribelhorn:
 

What kind of assistance are you prepared
 
to give with fabrication of the machtae and 

terms in developing countries? 


Mr. Sterner: 


Let me reemphasize that this machine is 

designed so that developing countries could in 

fact take care of their own machines, and, if
 
they would like, copy it. We have no patent 

on this machine and don't intend to get one.
 
The objective when we designed it was also 

that we could disseminate this machine to 

developing countries. What I mean by dissemi-

nation is not just getting a machine into a 

country and not supplying parts, but actually 

getting the country itself to fabricate it. 

This idea, of course, stems from Meals for 

Millions. We have found by past experience
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that it becomes quite costly to build only one 
unit in a country. We have occasionally been 
asked if we would send the plan to a partIcu
lar country so they could just use it to copy

the machine, but we've found some problems
 
with that approach, too. I have a letter from
 
a person who had built the screw without
 
building the rest of the machine, and already
 
he had gotten it wrong--it was e good thing

that's all he had built. So we feel we would
 
like to be more involved in the fabrication in
country, because we have somewhat of a reputa
tion at stake and ue have to safe-guard that
 
reputation. I'm open for ideas as to how to
 
go about this. I feel that if there are coun
tries such as India--in fact, I must have at
 
least 20 inquiries at the present time from
 
India--it would seem possible to have a coop
erative effort there to evaluate what kind of
 
market there would be for this machine. If
 
they wanted one in-country to evaluate, and if
 
they felt it would suit their needs, then they
 
could fabricate it for simple extrusion.
 

Ing. Clark:
 

One of the disadvantages of the Brady is 
that it can't shape product. With small modi
fications to the screw of the Brady, do you
think it's possible to have it make shapes? 

Mr. Tribelhorn:
 

Given the way it presently works, I do not
 
think it is possible. We have tried various
 
means, but the only way you're going to make
 
shaped products with the Brady is to make
 
some major modifications to it, which would
 
mean designing a die plate-type system.
 

Dr. Harper:
 

I think it would also mean changing the
 
screw.
 

Hr, Tribelhorn:
 

Yes, it would mean changing the screw and
 
the bearings--you might as well start over.
 
One of the things you would lose is the
 
ability to adjust the machine while operating
 
it. I think that Wayne Fox's machine, as far
 
as shapes are concerned and for that capacity,
 
is more applicable to the situation.
 

Mr. Lukoo:
 

One of the things that I've noticed on
 
the Brady is that there is no specific device
 
for recording the exact temperature of product
 
at discharge. Another point is whether the
 
fabricators can think of some way to coordi
nate the cone clearance with a measuring
 
device on the control handle.
 



Hr. fox: 


Running any extruder--I don't care whether 
it is a Wenger, Anderson, or Brady or one of 
ours--is 60% art and 40Z science. For example, 
we put 6ut machines 10 years ago and never 
heard another thing from them except for parts 
orders. On the other hand, we put out machines 
two years ago and we've had telephone calls 
weekly for the last 2 years--at least 104 from 
that particular machine--and they still can't 
turn out product. And they are exactly the 
same machine. I am thoroughly convinced that 
any product you want can be run on an extruder, 
but you have to figure out the time-tempera-
ture-moisture relationships. You've got to go 
into these factors about cleanlinesn, the grind 
and that type of thing. That's all there is 
to extruding. 

Most of the work that they've done on
 
extruders at CSU has been with tie Brady. They 

got the Brady about the same time as the
 
Insta-Pro and hooked it up to the tractor--

the Brady is easier to operate than the 

Insta-Pro extruder, but it doesn't have the 

capabilities that ours does. One of the 

reasons they did the original work on the Brady 

was that it had greater output capacity. But 

if you looked at Ron's data showing half 

again more capacity on the Brady, you have to 

remember that he wa using an 85-h.p. input 

versus a 50-h.p. input; and if you would look 

at the kilograms per kilowatt, you will find 

that our machine took less power to achieve 

the same purpose. What I'm saying is that we 


were comparing apples to oranges there. We
 
plan this year to make available to CSU a new
 
model 2000 machine, which has had many changes
 
made to it since they got their first may Aine. 
We changed the screw and die configurations
 
and the volumetric feeders. We changed from
 
a 2-inch screw to a 4-inch screw, which
 
increases the capacity 4 or 5 times, and we
 
got water injection systems. I invite any of
 
you to come to Des Moines, Iowa to go through
 
our plant and see what we're doing. We can
 
make anything you want to make--now we may not
 
do it the first time; it may take half a day
 
to figure out how to do it, because the
 
ingredients and humidity will affect an
 
extruder. An extruder will run differently
 
on a sunny day than it will on a rainy one.
 
There is so much about extruders that you only
 
learn by experience and by receiving informa
tion from people who have had the experience.
 

Mr. Bleyer:
 

I agree completely with Mr. Fox that this
 
business is 60% art and 40% science. We have
 
received a lot of good reports from Colorado
 
about the work they have done and the scien
tific studies they have carried out. But it
 
is true that on a very cloudy and wet day,
 
my people iust don't operate the machine
 
because the product will be terrible, it will
 
not be crunchy. And we have learned that in
 
our 8 years of working with this machine, just
 
as we have learned to make our own cones. For
 
more than 2 years I haven't needed to buy any
 
spare parts.
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The problem of reaching ever-increasing 


numbers of people with an improved diet is 


one of the most important challenges facing 

The production and distribution nf
mankind. 


nutritionally-improved foods is the primary 


focal point for many organizations and insti-

In these
tutions throughout the world. 


efforts, many program alternatives have been 


employed, including subsidized direct distri-


bution programs, stimulation of local produc-


tion, income supplementation and attempts at 


encouraging commercial ventures in the area 


of nutritional foods. 


Marketing considerations are important 


in any effort where distribution of a product 


is involved or efforts are made to intervene 


even if the program is heavily
in the market, 

But
subsidized and not a commercial venture. 


the basic principles and concepts of market-


ing are particularly crucial if the project
 

is based on commercial viability of the
 

The nature and importance of these
product. 

marketing concepts in commercial nutrition
 

intervention programs is the main theme of 


this paper. 


Low-cost extrusion cooker (LEC) foods 


provide the,.basic product concept, but the 


major considerations are equally applicable 


to other nutrItion-oriented products where 


a commercial emphasis is involved. 


In fact, most of the concepts discussed 


here are common to the introduction and market 


development for all commercial food products 


whether they have some nutritional signifi-


cance or not. 


There are, however, some unique con-

These con-
straints which must be noted. 


stem from the specific goals and
straints 

objectives of the organizations often 


responsible for conceiving, developing and 


carrying out the nutrition intervention 


effort. This difference is that the main
 

criterion for success for these organizations 


is usually nutritional impact on a target
 

population. For a business firm in a commer-


cial venture, it usually iu bome combination 


of sales, profit and return on investment, 


The balancing of these two ways of evaluating 


success in the project is a very difficult 


process and requires the early attention of 


all those involved. There should be no mis-


understanding, however, that the role of the
 

marketing program is significant regardless of
 

how the project is to be evaluated.
 

The marketing of a product is a complex
 

process guided by a number of factors, some of
 

which are beyond the manager's (entrepreneur's)
 

These factors will be outlined here
control. 

in terms of the "ton-controllable" influences
 

(or the marketing environment) and the "control
 

or those which can be directly
variables," 

In the process
managed by the entrepreneur. 


of outlining these factors, emphasis will be
 

given to considerations unique 
to the com

mercial marketing of nutritionally-improved
 

foods. Following this discussion of marketing
 

factors, the importance of management, monitor

ing and control will be discussed with specific
 

reference to research activitites which are
 

appropriate for such projects.
 

THE MARKETING ENVIRONMENT
 

The economic, social and cultural environ

ment in which the product will be marketed
 

includes many forces which are either beyond
 

the manager's control or can be changed only
 

very slowly or with resources beyond those
 

While these forces may be beyond
available. 

control, they are nevertheless of great impor

tance because they provide the basic framework
 

within which the manager can operate and 
may
 

pose significant constraints on the success
 

of his efforts. Other factors exist which may
 

be altered over time through successful market

ing efforts but which are not subject to the
 

direct control of the manager on a very precise
 

basis. It is important, then, for all these
 

"environmental" forces to be understood and
 

evaluated in developing a plan for marketing
 

of nutritionally-improved products. Four
 

general factors are considered here: income,
 

traditional consumption patterns, availability
 

of raw materials and political constraints.
 

Income Level and Distribution
 

In most cases, the major factor influencing
 

the potential success of a commercial venture
 

is the availability of purchasing power among
 

the target population. Two aspects are
 
one is the average level
usually considered: 


of income per capita, and the other is the
 

distribution of income among consuming units.
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In some cases, the average income may not be 

very low but an unequal distribution of income 

still leaves many with very restricted re-

sources available for purchasing processed 

foods. Indeed, the very reason that the 

target population is receiving an inadequate 

diet may be related to inadequate incomes to 

buy the food already available. It must be 

recognized that a commercial marketing program 

will probably not reach all those who could 

benefit from the product. It needs to be
 
viewed as an effort aimed toward those who 

will benefit nutritionally but who also have
 
an income sufficient to purchase adequate 

quantities of the product. Other programs 

will be needed to reach those people who have 

no effective demand. 


Often some information is available on 

income levels and distribution, though it may 

be dated and not clearly identify a relation-

ship between income and nutritional status, 

Typically, it is concluded from general 

observation and a few studies that the primary 

beneficiaries are concentrated in the lower
 
income groups. Whether these income groups 

will purchase and use the product in a 

nutritionally-significant way can only be 

finally determined through a market test. 


Traditional Consumption Patterns 


Another factor of critical importance in 

influencing the success of a commercial ven-

ture is the nature of typical food purchase 

and use among the target population. Modern 

marketing philosophy suggests that the best 

avenue to successful product introduction is 

through a process which begins by identify-

ing a consumer need and then capitalizing on 

this need by producing and delivering a pro
duct which fills this need. This concept can 

be exploited in the case of marketing 

nutritionally-improved foods through a care-

ful study of food consumption to identify 

product forms, packages and preparation 

methods that would be most readily accepted 

by consumers. Probability of success can 

be greatly enhanced by preventing a product 

to the consumer that doesn't require a major 

change in orientation toward feeding the 

family. 


Several specific dimensions should be 

examined. The frequency and location of food
 
purchasing provides useful background in 

selecting appropriate package sizes and types. 

The way the food is stored in the home before 

or between uses may influence design of 

packaging and shelf stability of the product. 

Food products and size of servings consumed 

by each member of the household will help 

identify ways of presenting the LEC food so 

that it has the best chance of reaching the 

intended population. Product formulation 


and recipe development may also be guided by'
 
information on typical preparation and serving
 
procedures. Theme are examples of information
 
that may be generated out of a survey research
 
process. There is often a general awareness of
 
some of these considerations, but the importance
 
of reaching a commercial success requires that*
 
a careful documentation from a reasonably large
 
sample be developed. It can be an invaluable
 
guide in product development.
 

Availability of Raw Materials
 

Constraints are often imposed on the pro
duct and market development process by the lack
 
of materials of various types. This is
 
particularly true in developing economies where
 
insufficient supplies of raw agricultural
 
commodites, limited quantities of packaging
 
materials and difficult storage conditions are
 
too-often the norm. While many of the factors
 
impinge first on the production process, they
 
also have a direct bearing on the development
 
of a logical marketing plan.
 

In distribution and marketing, consistency
 
in quality and quantity of supply is a virtue
 
of great significance. The development of a
 
market is expensive and time-consuming. If
 
the product cannot be delivered consistently,
 
the major impact may be to disappoint the
 
consumer and jeopardize the long-run success
 
of the project. In developing economes where
 
marketing conditions are often chaotic and
 
supplies unpredictable, consumers may be less
 
concerned about such problems. In such cases,
 
however, it may provide an opportunity to
 
achieve acceptance to a degree not otherwise
 
possible if the product can be provided on a
 
more dependable basis.
 

Coping with the problems of unpredictable
 
supplies can be facilitated by planning ahead.
 
Distribution can be expanded in a careful
 
manner, alternative supply sources can be
 
identified and variations ir product formula
tion can be tested in advance to determine
 
consumer reactions to changes made necessary
 
by supply conditions. It is important to
 
anticipate what problems could arise and
 
develop contingency plans to alleviate any
 
negative effects if they do occur.
 

Political and Institutional Constraints
 

Government policies often have a sIni
ficant impact on the development of a com
mercially-viable, nutritionally-improved
 
product. With LEC foods, as with all pro
cessed foods, the basic business envircrLaent,
 
tax and incentive programs are important
 
factors in developing a total marketing plan.
 
Import regulations and restrictions on the use
 
of foreign exchange must be recognized in
 
assessing availability of ingredients, pro
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ceasing and packaging equipuent and materials. 
Pricing strategies may be influenced by 
general tax considerations, or more directly, 
by the orientation of government policy toward 

providing incentives encouraging development 

of a comercial product. 

Impo,'t restrictions may also provide a 

protected opportunity for developing a local 

product w..thout having to compete directly 

with imported foods. This may allow for 

using less-expensive packaging or promotion 

programs and thus permit establishing the pro-

duct at a lower retail price, 


An additional example is the use of retail 

price controls and other subsidized food
 
distribution programs. Where retail price 

controls exist, pricing is essentially re-

moved as a marketing factor under the control 

of the firm. This may be true even if the 

LEC food is not directly controlled when 

close substitutes are kept at a relatively 

low or even subsidized price. The existence 

of constraints imposed by government policy 

must be evaluated and considered in develop-

ing a marketing plan. 


STRATEGIC FACTORS IN MARKETING
 

Although there are many aspects of the 

marketing environment which the manager can-

not control, there is also a distinct and 

important set of factors over which he does 

have considerable influence. Careful and 

deliberate use of these factors is the 

essence of good marketing management and is 

crucial to the successful launching of a LEC 

food product. It may be possible in some 

cases to be successful in spite of poor 

marketing strategy, but in such cases the 

potential nutritional impact will probably 

not be reached. These strategic factors 

include: product characteristics, pricing, 

packaging, promotion and distribution 

channels. 


Product Characteristics
 

While this might be considered in the 

domain of production, not marketing, it is 

important to note the importance of ascertain-

ing the acceptability of the product among the 

target population. Characteristics such as 

flavor, color and texture may be consciously 

manipulated (within technical constraints) 

to produce a product which provides maximum 

consumer acceptance. A continuing research 

and evaluation program can be carried out to
 
examine and assess these qualitative aspects 

during the product development phase. Such 

a program should be a part of any comprehen-

sive marketing plan. 
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Pricina 

Finding the right price for a LEC food 
product is both critical and difficult. The
 
price is restricted on the lower side by the
 
cost of producing and marketing the product and
 
on the upper side by the effects of competing
 
products, available income and perceived use
fulness of the product among consumers. In
 
the case of nutrition intervention progransu,.
 
there is usually a d"sire to market the pro
duct at as low a price as possible consistent
 
with covering all relevant costs. In this
 
way, it is hoped that it will be within reach
 
of those lower income groups thought to be
 
most in need nutritionally.
 

It must be recognized that processed pro
ducts usually will have to be priced higher
 
to consumers than arc basic staples or commodi
ties. This is dictated by the costs of inputs
 
through processing, transportation to and from
 
a centralized facility and additional packaging
 
often required. It is hoped that the conven
ience, nutrition and taste that may be added
 
will be worth something to the consumer. But
 
if the nutritionally-in-need consumer can't
 
afford to buy the product, then there is no
 
point in proceeding with the project.
 

Ultimately, only a market test can finally
 
determine whether consumers in lower income
 
groups refuse to buy the product because of its
 
price relative to their income and the prices
 
of alternative products. However, some inves
tigation can be done in advance. If available,
 
recent studies of income and price elasticities
 
(relationships) for similar product groups can
 
indicate how sensitive consumers might be to
 
price changes and the effects of income on
 
consumption. A survey of the marketplace to
 
document competitors, their prices and sales
 
level can give an indication of what the market
 
will bear price-wise. Consumer surveys can be
 
used to find out what people are buying among
 
similar products and obtain an indication of
 
attitudes toward hypothetical prices for the
 
proposed LEC food.
 

Equally important is a detailed costing of
 
the product as early in its development as is
 
possible. This should include consideration
 
of effects of changing ingredient prices,
 
inflation and other contingencies. A realistic
 
view of margins for selling costs, wholesaling
 
and retailing and an appropriate return on
 
investment must be included. Return to capital
 
invested may vary depending on its source, but
 
it should be explicitly recognized.
 

With an estimate of total costs which sets
 
the minimum price, a judgment can be made as to
 
whether it is too high, considering the product,
 
its attributes and the competition. A definite
 
conclusion may not be possible at this stage,
 



thus requiring a test of the product under 

actual market conditions, 


Packaging 


The selection of packaging has an influ-

ence on shelf appearance and storage con-

siderations. Once again, competititve factors 

are important, and a survey of competing 

products should provide insight regarding 

appropriate alternatives. With many foods, 

and especially with LEC foods, the packaging 

costs may well exceed the total of other 

processing costs, not including raw materials, 

Any savings which could be achieved in pack-

aging would have an impact on final price. 


However, it must be recogaized that what
 
the consumer sees first on the retail shelf 

is the package. It must combine attractive
ness and strength sufficient to attract the 

consumer's eye and provide reassurance re-

garding the quality and sanitation of the 

product. In many developing economies the 

consumer appeal of products packaged in 

attractive tins is well-known. The price of 

these products is usually far above other 

local products, especially commodities sold 

in bulk but also including packaged items, 


The problem for the manager then is to 

find the appropriate compromise which pro-

vides attractive quality packaging consistent
 
with the desirea of consumers and the pres- 

sure of increasing costs. Information on 

existing products, damage and losses in 

distribution and the availability of packag-

ing materials can be gathered through inter-

views with distributors and suppliers. A 

survey of consumers may be helpful in 

determining the factors consumers consider 

important in packaging. Selection of graphic 

designs, colors and final artwork can often 

be done through the assistance of advertis
ing agencies.. 


Promotion 


To achieve nutritional impact the LEC 

product must be purchased and consumed by 

the target population. This is governed by 

the complex process of consumer behavior, 

The image of the product is more important 

than the product itself, whether we like it 

or not. To effectively and efficiently 

achieve the goal of improved nutrition a 

promotional component is required. This 

promotion effort typically includes public 

education and publicity programs, paid media 

advertising, point of sale advertising and 

the merchandising efforts of the sales 

staff. 


The manager must effectively orchestrate 

a program which reaches to the target popula
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tion and conveys the message which motivates
 
consumers to purchase and use the product
 
properly. Information on how food is being
 
used in the home, what consumers are interested
 
in with regard to food and knowledge of the
 
strengths and weaknesses of the LEC product
 
provide the basic foundations for developing
 
the promotion effort. Consumer survey data are
 
ofted useful in this process. In many cases,
 
the nutritional strengths of the LEC product
 
are emphasized in a general way (healthy, happy
 
babies) to avoid having it characterized as a
 
pharmaceutical. Convenience in storage and/or
 
preparation and taste may also be emphasized.
 
Each case is different and can only be de
veloped in light of the specific consumption
 
and marketing environment.
 

Distribution System
 

The manager also has the opportunity to
 
decide how the product will be distributed.
 
The selection of channels of distribution
 
impacts directly on the availability of the
 
product to consumers. In an effort to minimize
 
distribution costs, a system may be selected
 
which is not capable of getting the product on
 
retail shelves in smaller stores and in rural
 
areas. In some cases, reLail outlets are
 
limited to government stores which may no:
 
efficiently merchandize the product or reach
 
the target population.
 

For a firm which already has a line of
 
consumer food products, it will of course be
 
logical to capitalize on its existing system
 
of distribution. In some cases, however, the
 
group which is promoting the LEC food is not
 
currently distributing a food product. The
 
fact that the nutrition impact objective often
 
requires that the product be available in many
 
small villages requires that a system be
 
selected which can achieve this.
 

A good distribution system includes more
 
than the capability of physically delivering

the product. Motivation of wholesalers and
 
retailers to keep the shelves stocked, promote
 
the product at retail, and maintain product
 
quality is also an important consideration.
 
A strong and continuing sales effort is usually
 
important in achieving maximum success. A
 
distribution system with strong salesmen
 
representation is also important in maintaining
 
control over the product. The continuing
 
follow-through of sales representatives can
 
provide useful information on pricing, sales
 
levels and appearance of the product at retail.
 
It may be possible to achieve some distribution
 
without it, but sales efforts, like promotion,
 
packaging and attention to product character
istics, will usually be necessary to achieve
 
widespread acceptance of the product among the
 
target population.
 



Distribution systems should be developed 
on the brae of existing systems in the economy, 
A review of these with firms that are involved 
at various levels in distribution channels 

vili provide the manager a great deal of in

sight. Selection among systems and firms can 

then be based on a first-hand knowledge of 

the alternatives, 


EVALUATION AND CONTROL IN THE MARKETING PROCESS 


It has been indicated above that the 
manager has many decisions to make in develop-
ing a marketing plan for a LEC food. Both 
internally-and externally-generated informs-
tion may be available to assist him in this 
decision-making process. Cost estimates and 

existing knowledge of prices, packaging and 

other variables may be readily organized for 
evaluation, but this is seldom sufficient 
for answering many of the most important ques-
tions. In some cases, the reliability of 

estimates of such considerations as consumer's 

reaction to price, levels of consumption, or 

the effects of alternative packaging is not 


known. To provide a more adequate information 


base for decision-making, an organized research 

and evaluation program should be considered 

early in the development process. 


The particular objectives and research 

procedures employed will vary from one pro-

ject to another and will depend on the nature 

of existing data and the goals expected to be 


achieved through introduction of the LEC food. 


Basic research procedures often employed and 

discussed briefly below include: consumption 


patterns surveys, consumer taste panel or 


acceptance studies, market tests and follow-

up consumer surveys. 


Consumption Patterns Surveys 


Basic to all market development work for 


a LEC food is a knowledge of how it might be 


consumed in the household. As discussed 

earlier, the product should be developed with 


some idea in mind of the consumer need it 


will fill. Direct surveying of consumers is 

usually the best way to generate the 

necessary information. Secondary sources, 


such as recent government-conducted consumer 

expenditure surveys or nutrition studies,
 
often provide useful guidance for a more 

detailed survey focused on the specific
 

product groups of interest. 


All aspects of purchase, storage, prepa-


ration, serving and consumption are typically 


included in such a study. Questionnaire 

development, sampling, fieldwork and analysis 

should follow commonly-accepted practices as 


outlined in various marketing research texts 


and handbooks. A study of this type can be 

designed to provide information not only on 


typical or "average" consumption patterns, but
 
also how these may vary by population subgroup
 
such as income level, ethnic group or size of
 
household.
 

Many levels of sophistication can be
 
adopted at this stage of research depending on
 
how well-focused the product concept may be.
 

In-depth studies may precede the large-scale
 

consumer survey if general guidelines are need

ed to help focus the objectives sufficiently
 
to permit efficient questionnaire design. The
 

main consideration, regardless of the detail of
 

questioning or size of the sample, is to gener
ate information which will be useful in product
 

development and selecting the "optimum" strat
egies to be included in the marketing plan.
 

Consumer Acceptance Studies
 

A wide array of research procedures falls
 

into this category. The main purpose of such
 
studies is to obtain an evaluation of the pro

duct or the product concept by consumers. This
 

evaluation may be completed by having consumers
 
try the product at a centralized location or
 

by delivering and leaving the product for in
home trial. Consumers may be asked to rate the
 

product regarding several qualitative factors
 

or just indicate which of several variations
 
they prefer. Samples of varying sizes may be
 
used. The stage of product development, type
 

of LEC food and similarity of the product to
 
existing products all have a bearing on the
 

actual procedures which are appropriate in a
 
particular case. In addition to basic product
 

characteristics (color, flavor, texture, odor,
 

etc.), packaging, pricing and promotion con

cepte may be evaluated to some degree through
 

the same survey.
 

Consumer-level evaluations are typically
 

preceded by screening evaluations done using
 

small lab panels. Because consumer panels are
 

generally large enough in number to assure
 
representativeness, they are also expensive and
 

are not normally employed until the alternatives
 
are fairly well defined and narrowed down to a
 

very few. The lab panel evaluations provide
 
the initial screening to narrow down the field
 
so that the consumer evaluations can be done
 

more efficiently.
 

Market Tests and Follow-up Surveys
 

Once a LEC product has successfully passed 
the consumer evaluation phase the final plans
 
for test marketing are developed. This involves 
the development of a plan covering all of the
 

strategic factors available to the manager as
 
discussed above. The idea of a test marketis to
 
try the product out under actual competitive
 

conditions of the marketplace, at the same time
 

limiting the investment as much as possible.
 
While execution of the market test is important, 
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the teat is useless if a system of monitoring

the results is not adequately incorporated. 

This monitoring has three major facets: sales 

levels, consumer evaluation and reaction of
 
wholesalers and retailers. 


Determining the level of sales is an 

obvious task. This can be facilitated by

using a test market area which covers 

essentially the same area as the normal sales 

or distribution territories, thus assuring 

more accurate reporting of sales. Sales data 

should be provided so they can be measured 

in some uniform units of time (day, week or 

month). It is also helpful if sales can be 

expressed on a "per-retail-outlet" basis and 

calculated separately for several sizes of 

retailer or different geographic areas. 


Follow-up consumer surveys are necessary 

for the purpose of determining market penetra-

tion among various population subgroups, 

particularly the target population. These
 
surveys can also provide another means of 

obtaining consumer evaluations and determin-

ing how the product is ultimately used in 

the household. Attention in designing this 

phase is also given to identifying reasons why 

consumers discontinue use of the LEC food 

or why it was never tried in the household, 


A third aspect of monitoring the test 

market is the evaluation of the product's 

performance in the distribution channels, 

Salesmen's records and spot interviews with
 
wholesalers and retailers may reveal problems 

in packaging, promotion or pricing and
 
margins. 


Taken together, this information from 

the market test provides the final evalua-

tion of the product performance. This 

performance must then be evaluated against 

the goals for the product. Success may be 

obvious, thus leading to further plans for 

expanding the marketing to the entire region 

or country. If problems are identified, 

modifications can be made and test marketing 

continued or expanded. If serious problems 

are evident or obvious failure occurs, then 

test marketing is terminated. Without a 

logical plan for monitoring and controlling

the test market, these decisions aren't 

always apparent. This is particularly true 

where the measure of success involves an 

evaluation of whether the product is reaching 

a specific target population and having 

nutritional impact. 


FINDING SUPPORTING SERVICES 


A large food company undcrtaking a pro
ject to develop and market LEG foods will 

often have marketing research resources 

readily available. For other firms and 
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organizations, particularly in developing
 
economies, this help may not be so readily
 
available.
 

Marketing research firms are found in
 
many countries and can perform survey research
 
from questionnaire design through basic analy
sis. University professors skilled in market
 
research may also be available. Under some
 
conditions, large firms which have extensive
 
marketing research capabilities may be willing
 
to contract for outside work if it is compati
ble with their own priorities. Advertising
 
agencies can usually provide assistance in
 
developing promotional material and package
 
designs. Government economic research ard
 
analysis departments may provide some studies
 
on consumption and expenditure which will be
 
helpful. Central banks may provide some
simila: data. Marketing research texts and
 
handbooks provide a useful description of pro
cedures which can be employed (see references).
 

While all of this may be available, it
 
doesn't substitute for the development of a
 
clear overview of the total marketing and
 
research plan at art early stage in the project.
 
This may require the use of outside consul
tants to provide a broad perspective consis
tent with the overall objectives of the firm,
 
organization or agency involved. 
 Such consul
tants may be found in-country or contacted
 
through some international agency concerned
 
with food and nutrition problems.
 

SUMMARY AND CONCLUSIONS
 

Success in marketing LEC foods to meet
 
nutrition objectives depends on the recogni
tion of constraints imposed by the marketing

environment and the alternatives given the
 
manager through marketing strategies under his
 
control. Income, basic consumer preferences,
 
availability of raw materials and the insti
tutional setting are all beyond immediate
 
control. Characteristics of the product,
 
pricing, packaging, promotion and distribution
 
channels are controllable, however. The way
 
the "controllable" marketing variables are
 
managed is crucial to the success of the pro
ject.
 

Effective management depends on the
 
development of a sound marketing plan, which
 
in turn depends on information and data
 
gathered from both secondary sources and
 
primary research efforts. Surveys of food
 
consumption habits, studies of consumer
 

evluation of specific LEC foods and market
tests are all necessary components in the
 
process of generating data for decision-making.
 

The role of marketing as a productive set
 
of activities necessary for achieving maximum
 
impact from a LEC food must be recognized by
 



managere of thsia projects. The development 
of a comprehensive marketing plan to guide 
these activities should be given a high 
priority by all who hope to have an impact 
on nutritional problems through the fostering 

of commercial LEC foods.
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Lever Brothers (Ceylon) Limited
 

Colombo, Sri Lanka
 

INTRODUCTION 


Thriposha, a cereal-based fortified product, 

has been and is being distributed by CARE and the 

Ministry of Health, Government of Sri Lanka, to 

medically-identified recipients for the purpose
 
of improving nutritional standards. Children and 

pregnant and nursing women who are identified as 

being nutritionally deficient are considered to
 
be the primary target population. Distribution 

has been handled through the MCH Centers through-

out the country. In 1978, the total distribution 

is expected to be approximately 14 million pounds 

at a rate of 1.5 kilograms per recipient per 

month, 


It is felt that this system of distribdtion 
is operating at near-capacity. However, it is 
also felt that many nutritionally deficient 
people, particularly in the target population, 
are not oeing reached. Since food marketing and 
distribution systems exist which could be capita-
lized on to reach additional persons, a study war 
designed to examin the potential for commerci 
ly marketing Thriposha, in addition to continuing 
the free distribution program at existing levels, 
The study, as outlined in October 1917, included 
two phases: (1) an in-home consumer acceptance 
test, and (2) a test market, 

The consumer acceptance or product concept 

test (Phase I) was designed to obtain an evalua-

tion of Thriposha from a representative sample of 

consumers regarding various aspects of product 

quality, packaging, pricing and usage. The 

Market Research Department of Lever Brothers 

(Ceylon) Limited was commissioned to undertake 

this first phase. The intention of this first
 
phase was to provide information of value which 


would help in the designing of the test market 

(Phase 11). Phase I Jas not expected to provide 

all the answers regarding commercial marketing 
feasibility. A test market r.11 be required to 
adequately assess potential sales levels and 
market penetration among target groups. 


The field work for this first phase was
 
conducted in January/March 1978. This paper is a 

report in capsule. Its aim is to point a picture 

of the principal findings so that the essence of 

the survey is captured. 


THE SAMPLE
 

It was decided that the primary sample
 
should be 750. This was divided into two pri
mary strata: urban, 200 and rural, 550.
 

Both the rural and urban samples were
 
selected from the wet zone sector of Sri Lanka.
 

The wet zone sector of the country is by
 
far the most important sector. It lies in the
 
southwest quarter of the island plus the central
 
hill country (see Appendix 1). Twelve of the
 
twenty-two administrative districts are wholly
 
or partially within this sector. It accounts
 
for 69% of the country's populaticn. The
 
rural population of this sector accounts for
 
50% of the country's population and 65% of :he
 
total rural population (77.6% of the country's
 
population is rural). The urban population of
 
this sector accounts for 80% of the total urban
 
population in the country. Seven of the eight
 
biggest towns are in this sector. It is by far
 
Lhe most prosperous and fertile and has the
 
most developed infrastructure, road network,
 
trade distribution channels, etc.
 

The economic/social organization is more
 
developed than in the rest of the country in
 
cerms of available amenities, hospitals, schools
 
cinemas, etc. It is the most industrialized
 
sector of Sri Lanka. Equally, within its bound
ary lie almost all the tea gardens, which earn
 
Sri Lanka 50% of its export revenue, most of
 
the rubber estates, which accounts for 15% of
 
export earnings, and a large proport.on of the
 
coconut estates.
 

Avenues of employment are more diversified
 
and income levels are higher. Family okner
ship of consumer semi-durables like radios,
 
bicycles and sewing machines is also higher.
 

The consumer in this sector is more so
phisticated and open to modern ideas and way
 
of life. It is the trend-setter, the leader.
 

The rural sample of 550 plus 105 addi
tionalwas drawn f;om eight of twelve adminis
trative districts in this sector. The eight
 
districts are Colombo, Kalutara, Galle, Matara,
 
Ratnapura, Kandy, Kegalle and Kurunegala, and
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ehay In total account for 84X of the sane' rural NIUMOhLOMt 
pepulation. The urban sample was drawn from 
Galls, Kandy and ColOdbo and suburbs, the princi- In the planning steps it was decided that 
pal touus in these districts. The sample for the test market, which was Phase It of the 
each district, along with the population as feasibility study, would be done in the adamn
well at the number of households, is Liven in istrative districts of Motor*, Glle and eKndy. 
Table I, In addition, the distribution of the An additional rural nample was, therefore, 
rural sam41a is jiven graphically in Appendix I. drawn from these areas. The total rural 

sample, therefore, became 655--550 primary;
 
It must b- noted that since the population 105 additional. The urban sample remined at 

in the Colombo District has fewer of the in- 200. 
tended target groups, the sample for Colombo 
District was reduced avd divided among the other After pre-testing the questionnaire in a 
districts, pilot test, which also acted as a period of 

training for the investigators, actual field
 

Table I. Population in 000's
 

Total District Wet Zone Households Primary Add.
 
Population Population in Rural Sample Sample


Zone
 

DISTRICTS
 

Urban Rural Total Urban Rural Total Rural Rural
 

Colombo 1648 1352 3000 1648 1344 2992 240 80
 

Kalutara 183 645 828 183 617 800 110 60
 

Galle 177 652 829 177 642 819 110 60 50
 

Hatara 74 584 658 74 577 651 100 60 25
 

Ratnapura 54 673 727 54 586 640 100 60
 

Kegalle 52 671 729 52 615 667 110 60
 

Kandy 165 1119 i284 165 910 1075 160 90 30 

Kurunegala 49 1109 158 40 715 755 130 80 

Total of 8)2402 6811 9213 2393 6006 8399 1060 550 105 
Districts) 

Balance 4 ) 178 1761 39 1601 140i309 2ib 
Districts) 

Total Wet )2580 5572 ,i0152 255. 7155 9108 L270 
ZoneSector) . 

-
Total 3186 10984 i416 "2W I 55 708 L270 

Sri Lanka)
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work cosenated on 18th -January and was couipletod The mjority of the Intervsi.iee WweO on the 9th March. vives, and the majority of them fuictiored 

The investigators were divided into thre, 

tean of five each. 
 Each team had four investi-
g&tors and one supervisor and travc1ed in a 
car. 

The random route sampling method was adop-

ted in the urban areas and the random village

method in Cihe rural areas. Four interviews were 

done in each village contacted randomly. Each 

respondent was contacted twice. 
 The first visit 

was to 
find out general food feeding habits of
infants and children, usership and usage habits 
for Thriposha, attitudes and opinions on 
Thriposha, attitudes to che concept and rrice,
and to give a sample for trial. The second 

visit, one week later, was to find out post-

trial opinions. 


The interviewee profile is given below. 


Table II. Interviewee Profile
 

housewives. The majority vere also below yeears young enough to be amenable to change. 
40 

Between 30%-40Z of intervievees were educated 
up to the O'level. 

Seventy percent of the tamilies interviewed
have 3-6 persons, an average size of family in
 
Sri Lanka; about 60% had children below the age

of 6 years; and two-thirds of these families
 
had infants. These groups are the primary
 
target (Table III).
 

Ninety-two percent of the sample had heard
 
of, seen known about or used Thriposha.

Seventy-five percent of this, or sixty-seven
 
percent of the total sample, had used Thriposha

at some time. Of these, seventy-five percent
 
had not used it within the last month. In
 
other words, seventy-five percent had used

Thriposha more than one month ago (Table IV). 

PROFILE OF INTERVIEWEE CHARACTERISTICS
 
BY HOUSEHOLD INCOME LEVEL
 

Income 
Level 1/ Interviewees who 
(Rs/Mo)-" were "housewife" 

User Non 

101-200 .92 88 

201-300 95 
 83 

301-400 93 
 95 

401-600 87 92 

All Groups 89 85 


l/U.S. $1 a.Rs 15-


Interviewees educa-
ted at the 0' level 

minimum 
User Non 

Interviewees 
below age of 

40 
User Non 

Percent 

24 
49 
58 
59 
39 

23 
35 
43 
75 
33 

92 
96 
95 
88 
90 

93 
93 
92 
92 
84 

Table III. 
 Size of Family and Age of Children in Sample Households by Income Level and Past
 
Usage of Thriposha
 

Income
 
Level 3-6 Persons 
 Over 6 Under 1 1 -3 4-6
(Ru/Ho) Persons _ years years 
 years


User Non User Non User Non 
 User Non User Non
 
-Percent
 

101-200 68 61 32 
 38 46 53 50 
 38 64 52
201-300 75 71 25 29 38 
 47 50 48 61
301-400 73 66 27 29 44 
59
 

29 42 42 62 
 61
401-600 66 71 34 
 29 30 33 46 
 21 73 70
All Groups 70 68 30 31 42 
 42 47 38 68 58
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TabWI IV. Last Usage of Thriposha In Households By Income Group 

Income Within Two- One- Three- Over 
Group 
RsiHo 

last 2 
weeks 

Four 
weeks 

Three 
Hths. 

Six 
Mths. 

Six 
1ths. 

Total 
Users 

Non 
Users Total 

Percent 

101-200 12 8 13 11 26 70 30 100 
(N-260) 

201-300 7 9 14 10 .25 65 35 100 
(N-167) 

301-400 12 7 17 9 20 _65 100 
(N-111) 

401-600 5 14 10 7 34 70 30 100 
(N-80) 

All 11 8 14 9 25 67 33 100 
Groups 

The income distribution randomly arrived
 
The distribution of sample by income and by at for this survey is similar to that for the
 
users, non-users and both is given in Table country as shown by other island surveys on
 
V. Seventy percent of the sample were in the income distribution.
 
under-three-hundred rupees-per-month income
 
group, and fifteen percent were in the Rs. 301- SUMMARY OF PRINCIPAL FINDINGS
 
400 group. Seventy-one percent were in the
 
primary target group, that is, in the income Among other things, Lhe survey was
 
group Rs. 101-400. designed to provide information in three key
 

areas:
 

Table V. Distribution of Sample by Income; Users, Non-Users and Both
 

Inome
 
Level 
(Rs./Ho) Users* Non-Users Both
 

100 13 15 14 
101-200 36 3i 35 
201-300 36 24 22 
301-400 " 1si5 15 
401-600 10 9 11 
600+ 3 6 3 

TOTAL 100 100 100 

* 	Users are defined in all tables as those households who had used 
Thriposha atleast once in the past regardless of how long ego. 
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1. 	 Concept 

2. 	Price 


3. 	Product Characteristic/Performance/ 

Acceptability 


The decision on whether to go on to the
 
next step--that of a test market--depended on 

whether the findings in these key areas were 

positive. 


The survey revealed that there were no
 
major problems with the product, the product 

concept was well-received and understood, and 

the product characteristics and the performance 

of the product were found to be acceptable. In 

other wordn, the curvey gave the green light to 

proceed ro the ttit market phase. 


1. 	The Product Concept 


This was found to have a strong level 

of acceptance among consumers. This 

level of acceptance was reinforced after 

use. Consumers were able to identify
 
and accept the concept of Thriposha as 

being a "nutritious product" and "good 

for children." However, Thriposha was 

used by all members of the family. 


2. 	Pricing 


This was a critical factor. The survey 

findings showed that pricing would be 

most important. Most consumers appear-

ed to be sensitive to price levels, but
 
the degree of sensitivity varied with
 

*-.nconie leveis. 


3. 	Product Characteristics/Performance/ 

Acceptability 


The basic and most important character-

istics of the product were very accep-

table to consumers. Its performancewas 

considered good. There as a strong 

liking expressed for Thriposha in most 

product uses. Taste was the most impor-

tant aspect in evaluating the product. 


The survey also revealed that the pack-

age size of one pound was highly desir-

able. The package should carry the 

connotation of "airtight and hygienic." 


THE 	PRINCIPAL FINDINGS 


1. 	 The Product Concept 

One 	af the keys to the entire questions of 

the commercial marketing of Thriposha was to 

find out whether the consumer would grasp 

the Thriposha concept--which is one of 

nutrition, vitamins, etc., for strength and 
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energy-and believe and accept it. 

The 	 techniqta used to find this out was to: 

(a) Administer the "willingness to try"
 
scale after letttng the respondent
 
read a concept leaflet.
 

(b) Ask her to state what the strong and
 
weak points of the product were after
 
reading the concept leaflet and exam
ining the product pack.
 

On the first visit each respondent was
 
given a concept leaflet and asked to read
 
it. She was then asked whether she would
 
be willing to try the product if it were
 
available in the shops. The degree of
 
willingness or non-willingness was mea
sured on a five-point "try" scale. On the
 
second visit, too, after use of the pro
duct the "try" scale was administered.
 
Therefore, each respondent was exposed to
 
the 	"try" scale before and after use of
 
the 	product.
 

The concept leaflet was in Sinhala or
 
English and printed in color. It explained
 
what the product was, its benefits, for
 
whom it was meant, how it could be used,
 
what preparation could be made from it and
 
basic recipes.
 

Respondents ' willingness to try Thriposha,
 
before anJ after use, and intensity of
 
response is shown in Table VI.
 

Table VI. Respondents' Willingness to Try
 
Thriposha Before and After Use; by
 
Income Group and Intensity of Res
ponse 

Income Intensity 
Croup or Before After 
(Rs/Mo) Response User Non-User User Non-User 

101-200 May Try 36 44 24 38 
Certainly 56 38 69 49 
Try 

TOTAL 92 82 93 87 

201-300 May try 31 38 27 28
 
Certainly 55 41 65 60
 
Try
 

TOTAL 86 79 92 88
 
301-400 May Try 23 37 27 34
 

Certainly 71 53 68 45
 
Try
 

TOTAL 94 90 95 79
 
401-600 May Try 27 29 27 38
 

Certainly 64 67 63 54
 
Try
 

TOTAL 91 96 90 92
 
All Hay Try 32 40 28 32
 
Groups Certainly 57 44 65 54
 

Try
 
TOTAL 89 84 93 86
 



--

The table shows that an overwhelming majority of 2. Pricin a
 
respondents were willing to try the product on
 
the basis of its promise. This indicates quite 

clearly that they understood and believed in the 

benefits that were promised. The table also 

shows that the willingness to try was reinforced 

after a week's trial. In other words, the re-

qiondentswere of the opinion that the product 

performed well and up to the high standard they 

expected, and from this it could be deduced that 

they believed that Thriposha could and even would 

deliver the promised benefits, 


On the first visit, after respondents had 

been administered the "try" scale, they were asked
 
to read the concept leaflet once again, while 

at the same time looking at and examining thepro-
duct pack (shown to respondents for first time), 
and to then state what the stroft and weak points 
of the product 'r.. - -, 

Sbuy 

Table VII shows quite clearly thit' the number 

of respondents who mentioned strong points were 

the overwhelming majority. 


Moreover, the table also clearly indicates 

that the product was discerned, understood and 

accepted, because "Nutritious" and "Good for 

children" came out strongest. 

This is further strengthened by the impor-

tance shown to hygienic packaging (that the pro-
duct is not packed in tins is seen as a weakness).

Hygiene is a concomitant of food, and consumers 

associate top-quality food products with hygienic 

packaging. 


Table VII. 	 Strong and Weak Points Regarding 

Thriposha Given by Respondents After 

Reading Brochure (Before Actually 

Using) 


Comments Percent of Households 

Users Non-Users Both 

Strong Points 


Nutritious/full of 38 29 39 

vitamins 


Good for children 24 21 26 

Colorful/attractive 22 i9 24 

Hygienic packaging 18 i V 

Other comments 6 5 6 

TOTAL*92 	 1 

Weak Points 


Would be better in tins 3 3 3
 
Other comments i0 3 8
 

TOTAL 11 5 10
 
*Total may not exceed 100 percent due to multi

ple responses.
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Pricing is another of the key areas. That
 
pricing is a critical factor and thr t con
sumers are sensitive to price levels are
 
too well-known to merit discussion. To
 
obtain some 	indication of the right sort of
 
price level--an indication intended to show
 
a direction 	rather than an actual level-
respondents 	were asked to give their opin
ion of a price or a "pay" scale. Three
 
different prices (Rs. 2/-, Rs. 3/- and Rs.
 
4/- per pack) were tested, one-third of the
 
sample for each of the three prices.
 

The technique used was to show each respon
dent a "four-point pay scale" card after
 
she had expressed her opinion on the "try"
 
scale. Each respondent was aaked to indi-, 
cate her',willingaess r -wi1iininst . 

Thriposhart the giVn price!y select
ing oneof the statements on thd "pay scale" 
card. The "pay scale" caxrd was adminis
tered before and after use. 

The findings revealed that pricing would be
 
critical. The unit price would have to be
 
at a level which would encourage consumers
 
to buy and buy regularly. Otherwise, one
 
of the key objectives, that of a regular

intake of a 	prescribed quantity of Thripo
sha would not be achieved.
 

The test market would have to establish not
 
only that a number of families are using
 
Thriposha, but that they are using it reg
ularly and at the right dosage level. Even
 
though packaging costs are a constraint, the
 
size of pack warrants further examination
 
in order to 	ensure that the unit price is
 
at the correct level. Of course, a possi
bilityis to 	have two pack sizes.
 

Another consideration is that the price

level must be in relation to directly com
petitive products like rice flour and wheat
 
flour. Consumers might accept a premium
 
for the plus point of nutrition offered by

Thriposha, but it must not be too high to
 
make it beyond the average housewives'purse.
 
What must be avoided are the thoughts "I
 
know it is nutritious and good for the
 
children and worth buying, but I cannot
 
afford it," or "I know it is nutritious and
 
good for the children, but I cannot buy it
 
regularly."
 

Table VIII shows the findings.
 



Table VIII. 	 Percent of Reepordents 11dIcating Willingness to Say Thripoha eat GGCAv prito 
Level Expressed Before end After Using Sample, by Income Group an4 Pat_Uaq 
of product*
 

Income
 
Group Rs.2/- R9.3/- Rs.4/
.(a") User Non-User User Non-User User Non-User
 

Percent
 

101-200
 
Before 53 54 25 43 21 36
 
After 50 57 25 38 24 37.
 

201-300
 
Before 170 71 37 67 31 42
 
'After 66 74 26 47 22 24
 

301-400
 
Before 67 92 48 59 40 '60
 
After 72 64 40 54 30 50
 

401-600
 
Before 65 100 29 75 35 50
 
After 74 100 33 75 19 43
 

All 6roups
 
Before 61 60 31 56 29 39
 
After 58 68 27 49 21 30
 

*Willingness 	to buy measured by total of those feeling price is "Just right" and those
 
feeling "could be priced higher."
 

3. 	Product Characteristics/Performance/Accep-

tability 


The preparations made with Thriposha are 

shown in Table IX. 


Table IX. Preparations Made by Respondents 


Preparation Perqent of Households

making each 


Users Non-Users Both 

-------Percent
 

Aggala 68 47 61 
Rotti 52 59 55 
Kirihodi 37 38 37 
Drinks 30 32 31 
Pittu 27 20 27 
Porridge/Cungee 27 22 25 
Stringhoppers 20 27 22 
Koppers 3 8 4 
Thalapa 5 4 5 
Curry 4 6 5 
Aluwa/Kavin 3 3 3 
Halapa 2 2 2 

made by most respon-
Aggala, a sweetfeat, wasearatiosteaen-
dents. Rotti, a flour preparation eaten mainly 
t breakfast but also sometimes at dinner as a 
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change from rice, was also made by over 50%
 
of respondents. A large number also made
 
pittu/stringhoppers, preparations made from
 
wheat flour or rice flour and eaten most often
 
at breakfast and sometimes at dinner as a
 
change frcm rice (in the urban areas the inci
dence of eating pittu/stringhoppers at dinner
 
is increasing gradually). Kirihodi, a spiced
 
gravy made of coconut milk and eaten regularly

with rice and curry and stringhoppers and curry, 
was made by about 40% of respondents. 

These preparations were made for and eaten 
by the entire family. Drinks and porridge/ 
cungee weremade mainly for children. 

The 	survey revealed that the cignificant
 
majorit -f respondents liked the product. 
Moreov v liked Thriposha when used for 
each ceparations. Least liked was 
Thri A as a drink, but even in this 
insta. score was over 70%. 

The rating in detail for each of the main
 
preparations is given in Table X.
 

The survey revealed that the main reason
 
given for liking the product was "Taste" (Table
 
XI). The opinion of children vas also an impor
tant reason. Likewise, "Taste" and opinions of
 
children were given as the main reasons for dis
i ng the pro5uct.
 



Thus taste will be the critical factor in and Drinks. Texture before preparation was
 

the formulation. Whether the price is consid- rated highly for all the main preparatfoas, bu!
 

ered too high or too low or just right, the relatively less for Kirihodi,Rottiand Drinks
 
vital consideration which will influenre the compared to the others.
 
decision to buy will be taste. This will have
 
to be borne in mind when formulations are Tenture after preparation was rated high
considered. 	 ly, but not so highly as texture before pre

paration. The category of drinks has been
 
Respondents were asked to rate the pro- rated less highly than the others.
 

duct on a five-point scale "very good or very
 
poor" for six main aspects of the product, Taste, as has already beet. discussed, is
 

namely,texture before preparation, texture the critical factor. It was rated fairlyhighly,
 
after preparation, taste, color, appearance but also there was a fair negative response
 
and aroma, for every preparation that they that emerged and a fair number who neither
 

made. 
 liked nor disliked the taste. Aggala, the pre
paration made by most respondents, was rated
 

The survey revealed that Thriposha per- best and Drinks poorest.
 

formed well overall (Table XII). There were
 
no major problems that surfaced, but taste, Color and Appearance were rated highly.
 
aroma and consistency needed to be carefully
 
watched. Of course, as to be expected, Aroma was rated highly, but thero were also
 
Thriposha performed better in some of the pre- a considerable number of negatives.
 
parations. It performed least well in Kirihodi
 

Table X. Degree of Respondents' Like or Dislike for Thriposha Prepared in Different Ways:
 
Users, Non-Users and Both
 

L E V E L
PatNme fR 	 A T I N G
Past Number of R T N E E
 

Way Thriposha Households Liked Liked Neither Disliked
 
Prepared Users Using a lot a little a little
 

Percent
 

Porridge/Cungee 	 Users 135 69 16 9 4
 
Non-Users 54 61 .117 15 2
 
Both 189 67 16 11 3
 

Kirihodi 	 Users 188 57 26 6 6 
Non-Users 93 55 '20 8 14 
Both 281 57- 24 6 9 

.Aggala 	 Users 343 81 12 4. " 
Non-Users 116 71 ,815 8. 3 
Both 459 78 :13 '5 ' 

Pittu 	 Users 135 73'. 19 3 
Non-Users 68 62 - 25 7 4 
Both 203 -,69 :2i' 5 3 

Roti Users 268 63 20 6 7 
Non-Users 147 . .55 20 10 7 
Both 415,; 60 20 8 7 

Stringhoppers 	 Users 100 71 21 5
 
Non-Users 66 64 27 5 3
 
Both 166 68 24 5 1
 

Drinks 	 Users 151 59 19 9 7
 
Non-Users 78 54 13 9 10
 
Both 229 57 17 9 8
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.Table-II. Percent Of Respondents Giving Selected Reasons For Like 
of Thriposha By Way Prepared 

Or Dislike 

Reason given
for 

Like/Dislike 
M E T H O D O F 

Porridge/ 
Cungee Kirihodi 

P R E P A R A T I O N 

Aggala Pittu Rotti 
String
hoppers Drinks 

--Percent~ 

Taste 

Children like/dislike 

Consistency or texture 

Nutritious 

64 

20 

4 

-

64 

12 

10 

-

71 

15 

-

3 

65 

8 

1 

4 

64 

8 

-

57 

8 

0 

5 

51 

21 

-

7 

No. of Respondents 189 281 459 203 415 166 229 



Table XII. 
 Raspondents' Evaluations of Thriposha as Used in Selected Preparations; by Palst 
Experience with Thriposha (Users vi Non-Users) 

Rating 
by use C R I T E R I O N 

Texture Texture Taste Color Appearance Aroma 
before after 

User Non User Non User Non User Non User Non User Non 

Aggala 

Very Good .26 18 29 29 46 35 26 23 25 22 25 22 
Good 62. 68 61 56 44 49 65 61 66 66 57 65 
So-so 8 10 5 7 7 7 6 13 6 9 10 6 
Poor 2 3 3 7 3 6 2 2 2 3 4 3 
Very Poor -- 1 -- 1 1 2 -- 1 -- 1 1 2 
Can't say 2 -- 1 .. .. 1 1 .... . 3 3 

Rot ti 

Very Good 21 18 21 20 , 25 20 17 2i -"14 19 15 
Good 61 63 59"2 .46 50 66 62 64 67 58 59 
So-so 11 11 10 i0 13 10 10 18 10 14 15 16 
Poor 5 5 6 5 9 12 2 1 3 3 5 7 

Very Poor -- I 2 1 1 4-- 1 1 i 1 2 
Can't say 1 1 1 2 - .. .. 1 1 1 1 1 

Porridge/Cungee 

Very Good 30 1.5 24 17 29', 19 17:1 1 21 11 19 13 
Good 6 65 67 61 56 73 67 78 56 63 
So-so 71 5 13 ,i 11 7 , 1 9 13 13 
Poor 3 4 2 6 4 6i 2 6 2 
Very Poor --. - i 2 2 -- i -- 1 7 
Can't say 3 8-- 2 2 1 . 1 -- 6 2 

Very Good 16 15.' 20. 1 22 24 J.4 i2 13 11 12 13 
Good 67 63 62 61 54 44, 65 66 76 68 57 
So-so 9., 16 12. 13 12 i "i 3 18 16 9 12 ic 
Poor 4 3 5 4 0 i 3 3 4 4 4 4 
Very Poor - - 1 -- 2 2 1 .... .. 1 5 
Can't say 4 2 -.. 2 1 -- 1 2 . . 3 2 
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Table XlI. (Continued) 	 Respondents' Evaluations of Thriposha as Used In Selected Preparatilo 

By Past Experience With Thriposha (Users ve Non-Users) 

Rating Texture Texture Taste Color Appearance Aroma 

by Use before after 
User Non User Non User Non User Non User Non User No 

Pittu
 

Very Good 22 15 	 23 19 30 22 17 16 16 12 15 1:
 

62 61 55 63 73 74 74 76 65 6
Good 64 74 


6 6 13 1:
So-so 7 4 10 13 4 9 6 9 


1 7 9 3 -- 3 1 6
Poor 	 3 1 3 


Very Poor -- 1 1 1 	 1 1 -- I -- 1 1
 

2 -- 2 -- 1 -- 1
Can't say 	 4 4 2 4 


Stringhoppprg
 

Very Good 26 24 	 31 21 28 27 21 20 20 18 20 11
 

68 67 73 64 6
Good 58 61 	 52- 59 62 58 65 


5 .1 -y 8 9 7 12.-', 	 8 11 _.9 6 10 1
 go-so 


I. 3 6 9 j2 3 	 .4 '. 4 3 3
Poor 


Very Poor 1 1 "-	 i .. .. .. .. .. ..
 

Can't say 3 2 2 2 	 - , -- 2 .. .. .. 3 

Drinks
 

Very Good 16< 14 18 12 19 l0 13 41 :13 11 1 

8 -49 67 32 62 52 54Good 64 "67 	 49 3 4 

So-so 89 10 13 15 10 17, 13 22 15 22 16 2 

Poor Ti, 4, 15 4. 12 12 5 86 5 81 11 1 

Very Poor 1 3 3 5 6 12 243 4 3 4 3 

3 . 3 1 5Can't say 	 4 3 3 1: 1' 

Table XI1 4 .,Respondents' Comparison of Thriposha with Wheat and Rice Flour Used in Rotti,
 
Pittd and Stringhoppers
 

Texture before: Texture after : Color : Taste
 

:User t Non : User: Non : User: Non : User: Non
 

Evaluation
 

Comparison with whuat flourt
 
Both same : 15 22 18 24 12 13 11 13
 

Wheat preferred : 22 22 19 22 17 18 15 18
 

Thriposha preferred : 62 51 62 49 70 65 73 64
 

Comparison with rice flour
 
Both same : 23 19 30 15 14 14 14 9
 

Rice preferred : 23 33 19 36 22 27 22 37
 

Thriposha preferred : 37 33 34 35 47 44 47 40
 

Doesn't know : 17 	 15 17 14 17 15 17
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Table XIV. Respondents' Opinions on Size of 
 a planned dietary programme. Special nutri-
Package 
 tional foods are now taken, it seems, as a 

Opinion 
 Users Non-Users 


Too little 24 
 16 

Just right 74 
 83 


Too much --

Table XV. 	 Respondents' opinions Regarding Type

of Package 


Percentage of Respondents* 


Opinion 
 Users Non-Users Both 

Good/packeted well 70 69 69 


A i r t i gh t / hyg i e n i c 2 2 7 7 2 0 

Colorful/attractive 10 
 8 	 9 

Would be better if 9 11 10 
packed in tins
 

Other Comments 9 6 

*Total mayexceed 100 due to multiple responses. 


CONCLUSION 

In conclusion, the consumer acceptance or 

product/concept test revealed that the concept
 
was understood, believed and accepted. 
 It re
vealed that the product performed well and was 

accepted. 	 Taste was a critical factor. Itrevealed that the consumer was sensitive to 
pricing. 
 The price level was critical. It 

gave the green light to proceed to the next 

stage - that of the test market. This was 


for. The test market now will have to provide 1 

answers to some important and critical ques
tions upon which will depend the long-term
 
success of this project. 


It is not enough to have the concept
understood, believed and accepted; what isCI
needed is to find out to what extent this 


has been translated into regular buying ~ 
action. 

Consumers need to be fully aware of the
inportance of nutrition and its problems-


deficiency, minimum requirements and standards,
regular intake of foods containing good nutri-

tional values and/or fortified foods, value of 


special medicine. Hotivation will be required
 
for this. 
 The test market will monitor the
 
impact of motivation on consumer buying pat
terns. 
 1,
 

Another key area would be the vehicle of
 
intake. Sri Lanka is a rice-eating country.
 
Rice is eaten at all meals. Almost everyone

eats rice for lunch and dinner. Among the
 
urban upper income groups there is occasional
 
eating of western foods, or stringhoppers/

hoppers/rottiAittu, for dinner. 

If Thriposha is to be taken regularly and
 
in the prescribed quantity, then the vehicle
of intake will have to fit and blend into the
 
nutritional environment. Finally, the unit
 
price, as well as its level in relation to

competitive products is critical to achieve
 
the objectives.
 

APPENDIX I
 

T fo n s t r icE c o m -The following 	 districts corn

prise the Wet 	 Zone Sample: 

Colombo District 80Hatera 60 + 25 
cVC, 60 4 50alls 
Kalutara 60 
Ratnapura 60 
Kandy 90 + 30 

.sZKurunegala 80 
-K.aalle 
 60
 

550 + 101 
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Question-and-Answer Session
 

Dr. Siegel: 


I am wondering what your thoughts are 


on the topic of convenience-vs-nutritional 

characteristics of foods for low-income 

groups. It seems to me that people are not 


traditionally used to processed products, so 


when you promote a product like this on the
 

market from a nutritional point of view, the 


message is likely to be lost on people particu
larly in village areas who don't understand 


that there is such a need for a special baby 


food in the first place. So we really need to 

success-
educate people before we can market it 


fully. 


Mr. Cores: 


I would say that if you are advertising or 


promoting this product your unique selling 


proposition--to use the technical jargon--


would be on the nutritional aspect and not on 


the convenience aspect. 


Dr. Siegel: 


I don't agree completely because I under-


stand that time is very limited for the house-


wife and villagers, 


Dr. De Mel: 


As one from Sri Lanka ard as a mother, I 


think we need a convenience food. Thriposha 


has led the way in our country for the women 


who find it so difficult to put 1, 2, and 3 


together to make a weaning food. It's all 


there and all processed, and I think that is 


one of the biggest things in its favor. It 


is considered both a convenience and a nu-


tritious food. 


Mr. Bleyer: 


Dr. Nichols' paper was very interesting, 


but we face a different problem. You mentioned 


that you must go to the market to see what it 


needs and wants, and then you would have success 


because you are answering the needs with your 


product. This is not the case in Bolivia. In 

the instance of a weaning food, a hundred
 

years ago people fed children with mother's 

milk and whatever traditional food was available.
 

After that, in this century, the big multi-


national companies like Nestle have come in with 


an already-established image of weaning foods 


and how to use them. Now we go into business 


to both try to make profits for the company and 


to help people have the weaning food. All the 


things you mentioned are true, things that are 


needed to make a mark, but in this case you're 


not going to the people with what they want or 


what the market is waiting for, because the
 
product is unknown. So you must create the
 

market for your product, and I believe Coca Cola
 

proved that it is possible. This problem and
 

the problem of having to price the product so
 
real diffilow-income people can buy it are our 


culties.
 

Dr. Nichols:
 

I agree with almost everything you said. 

Perhaps you take me too literally when I say 

the market can tell you exactly what to make. 

It isn't that easy. It's an involved, subtle 

process that requires a lot of experience on the 

pnrt of the person who's evaluating the informs

tion, and that's the type of experience you gain 

by being in business over the years. You've 

got a plant, a process and raw materials to
 

start with, so what you are looking for is a
 

general picture of v:hether you want to market a
 

product in this area or that area--you don't
 

just go out and decide that since the market
 
wants panty hoses, even though you have been
 

making food you are going to make pantyhose.
 

What I'm saying is that you should be very con

sci.ousof the things you can do to the product
 

that you want to create a need for so that it's
 

easier to create that need, things like texture,
 
flavor and the ability to be mixed in a certain
 

way that fit in with what consumers normally
 
use. Yes, you can create the demand for a par

ticular product in the case of a weaning food,
 

and we have to do a lot of education work.
 

CARE is starting out in the case of Sri Lanka
 

with the idea that the people need this, it's
 

needed from a nutrition point of view, so we
 

got a concept in mind of a weaning food to start
 

with. But we still need to go to the marketplace
 
to find out how best to develop the weaning
 
food to make it fit into traditional consumption
 
patterns. I don't think I'm at difference with
 

you; perhaps in the process of presenting all
 
these broad concepts, I spoke too literally or
 

too generally. There's no doubt that it's going
 

to take a lot of development effort, and that's
 

where proper management, nutrition education,
 

promotion, advertising, packaging, etc., 
are
 

very important to sell the idea, to create
 

the demand for weaning foods.
 

Dr. Bray:
 

From our experience with extensive
 

market surveys in both Ecuador and Korea,
 

nutrition is not going to sell products.
 

It takes years of education for nutrition
 

to come through to the people, and even
 

then it's probably only to the upper-middle
 

class. I think products only are going to
 

sell on the basis that they taste good and 

are highly acceptable. All the organoleptic
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Proporties have got to be excellent. 
have got to be better than the existing 

They 


product. 
 The ruute we've chosen might be

of interest, and that is 
to not go with weaning
foods first, but to go with weaning foods 

last and to first develop a market name for
our company with the mothers by offering

snack foods that they fyhemselves would eat.
Introducing the highly-nutritious foods later

then seems like only a by-product of a good-

taol:ing food. 

Dr. Nichols: 


In the case of Sri Lanka the name 

"Thriposha" is widely accepted--that's one
reason why they are going with that for the

product name--so that recognition of the 
name is not of major concern. The whole

problem of selling nutrition is a real one, 

no doubt about it. I think It's a question

of how you should go about selling nutrition. 

Certainly you build a case around flavor,

convenience, and other attributes of the 

product, but It seems to me that if you

focus on the image of healthy, happy,

bouncing babies and not on the technicalities 

of nutrition, the idea of health and well-being

and quality of life will get across 
through
advertising and visual impressions--not try

going out and telling people how good this is
for you, you have to eat it. So you build a
total program. 
We also have a major nutrition

education program built into it that is not
designed to sell more products; it's broader 

than that. 


Mr. Cores: 


Nutrition is, I agree, very difficult to
get across, The consumer is going to be reached
with a message which has nutrition in it,but

the selling of it will present the end results

like happy homes, bouncing babies, energy, and 
so on. 
 But I would like to stress that in Sri

Lanka there are a 
number of products which have

been successful on the nutritional platform,,

One of them has not been in Sri Lanka for 10 

years but has come back now in 
a big way. It
is a product which is fairly high-priced, but
it has a fantastic distribution system. Since

it came back on the market 6 months ago, it

has very quickly captured the same distribution 

that it had 10 years ago when it was readily

available. 
It is sold wholly on a nourishing
platform, but there is 
one problem--and this is 

a problem that you will probably have to face
with Thriposha and overcome--and that is people

think it is a medicine to be taken only when

they are ill or rundown. Now that is not the 


objectii of the Thriposha project, and this

is a rroblem that has to be solved.
 

Dr. Camacho: 

Dr. Nichols said a very important thingabout marketing strategy. Tn Chihua a wastarted Urst with a big campaign In order to promote the fact that full-fat soybean flour
vould Le a good product nutrit.ionally. We 
started to promote it inMarcn 1979, butmaybe for 6 months before we were talking
with people such as teachcrs. The principal
problem people had was underatanding about the
 
protein; that was 
the reason we tried to find
some way to illustrate the equivalence, for

example, to an egg and told them that they
needed protein. 
Then you need some practical

applications to show them what you mean. 
About

the cost: 
 we now have a cost of $0.51 for the
full-fat soy flour. 
 We are not quite in full

production yet, but the product is explained

in the supermarket, and with this additional
 
campaign it's bccn a good woy tv
, Introduce
 
nutrition to everyone. It is 
too early to
judge the results, because we still don't have
 
enough experience.
 

Mr. Nave:
 

So far I don't think e've talkeI abot

something that seems
co me 
 "squite important

in India--I will call it t e "snob appeal"
image. In my opinion, you've got to make a
product popular among a class of people which
 
sets the pattern of behavior and desires of the
rest of the population. I think this was shown
 
by the tea industry in India, for instance. At
first nobody would buy it except upper classen,

and now it's into every little village in the
most remote parts of the country. When we
 
put our own product into the main store 
in

Delhi, where we started it,we seat our people

to the remote areas of the Bazaar to advertise

It. People would say they were not interested,

but when we told them they were buying it in

Empire stores, they would say,"Then I'll take two

packages." That's the way itgolt going.

I think that whole areas--and more 

And
 
importantly,


Urge numbers of people--will buy things they

don't need and don't want to begin with just

because they are keeping up with people they

admire or envy.
 

Dr. Nichols:
 

I would say that if that is the situation,

it should be part of developing a sound pro
motion strategy for the product.
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Sri Lanka
 

Sri Lanka was one of the first countries 

in the Third World to appreciate the impor-

tance of correcting malnutrition caused by

poverty and to introduce programs for achieving

this objective. 
A scheme of subsidized food 

began as a wartime necessity, first in 

food marketing. 


With the contraction in food supplies,

it was imperative that measures to ensure 

equitable distribution of the available 

supply be implementel; hence, the rice-

rationing scheme, 
In order to harness avail-

able domestic supplies for the rationing

scheme, the government also made direct pur-

chases of surplus stocks of paddy from the

producers.. 
 These two forms of direct govern-

ment involvement in rice procurement and dis-

tribution have continued to exist as corner-

stones of government policy to improve con-

sumer welfare and increase production.
 

During the past three decades, apparent 

per capita calorie intake has been fairly

adequate, and the comprehensive socio-eco-

nomic survey of 1969/70 confirmed that direct 

government intervention has been the most 

important contributory factor in maintaining

adequate nutritional standards. 


The role of the rice-ration scheme in

providing adequate nutrition to the people

is shown in Table I. This table shows how 

the different economic classes benefit from 

the rice subsidy. Quantification of the 

nutritional benefit is easiest in the case 

of the free ration. The comprehensive infor-

Nation on consumption patterns given in the

socio-economic survey makes it possible to 

discern the active and relative nutritional 

benefits by various income classes through

the rationing scheme. 
As shown in Table I,

the low-income classes have benefitted most 

from the free ration. 
For those with lowest 

incomes, free rice has accounted for 20% of 

the total calorie intake and 50% of the rice 

consumption. 
It is the numbers involved that 

give greater &ignificance to the role of the 

rice ration. Those who gain most from the 

rice subsidy constitute over 80% of the pop
ulation. The state, therefore, has committed
 
itself to protect a vast majority of the

population from the rising cost of living by

distributing subsidized food to 
the consumer 


(Table II). 
 Figure I shows that food subsidies
 
as a percentage of total government revenue
 
rose from ten percent in 1950 to over sixteen
 
percent iA 1977. Although this policy has been
 
implemented quite successfully, it hav conflic
ted with another government objective of con
serving foreign exchange for developmnt pur
poses. 
 One way out was to adopt a policy of
import substitution directed towards rice and
 
to invest vast resources in the domestic paddy

sector. Although the 6(forts to increase domes
tic paddy production have met with a consid
erable degree of succesb the growing demand
 
for rice has continued to account for a sub
stantital proportion of the foreign earnings

through rice imports. The high import prices

and the uncertainty of increasing foreign earn
ings have often brought to the forefront a
 
question whether it is desirable to continue
 
with a "cheap rice" policy of the government.
 

The fact remains that the people require
imported rice to meet consumption needi; until
 
local production Is capable of meeting the
 
domestic demand. 
Under these circumstances,

the crucial problem is how best this r:ce
 
should be distributed by the governmenl:. If
 
the government's objective of protecting the

low-income classes is to be achieved, it cer
tainly means that the rice-rationing scheme

with a price subsidy has to be continued, but

the scheme has to be selective to ensure that
 
the recipients are the most needy. 
Measures
 
in this direction havc already beent taken.
 
According to the recent changes in the rice
rationing scheme, the free ration of one pound

and a further three pounds at Rs. 2.20 per
 
measure works out at forty-four cents per

pound and provides 900 calories and 18 grams

of protein per day, which is approximately 40%
 
and 30% of energy and protein requirements,

respectively. 
This quantity was provided to
 
7,510,149 rice-ration holders in 19'7/78, who
 
were selected on the basis of the chief occu
panes earning less than Rs3,600,'per annum 1/

(Table III). An Increase of income by the re
cent budget will reduce this number to around
 
five million, which constitutes the bottom 35%
 
of the population.
 

U_/
 
U.S. $1 - Re 15. 
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T.ble I.,' Sr~i Lir: Apparent Per Capita Daily Caloric Intake From Rice, By Income 
C1 , 1969/70 -_ 

*** % , 20.8 18.7 16.6 15.6 14.5 12.2 18.4
 
Total Culortps ' _
 

2500 

2000 0 

* J,600 

1000

500-

Income Class ($Us) 0-13.3 13.3-26.6 26.7-39.9 40D-5a2 53.3-66.6 66.7 All 

Percentage Of
Population 43 37 20 100 
Legend: Rationed Rice Outside Total CaloriesRation Rice Consumod for Each 

Ana Class 

11651815.6 
1951-1955 1961-1965 1971-1975 1977 

9.6 12.9 165 
1956-1960 1966-1970 1976 

Figure 1. Food subsidies as a percentage of government revenue 1959-1977 (Ri millions). 
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It is this 4istrlbt -dimension of.l
bupporters"ok the subsidy clnim that% the 

system has the pointial for major income nutrition--the association betveen malnutrition 

distributional and nutritional benefits. In and poverty--that givi~orgt to a larher 

Pakistan, for example, the subsidy rerults in incidence of malnutrition among children..
 
a real income increment of 9% to low-income
 
recipients and provides 6-14% of recommended One Indian survey shows that at very low
 

energy intakes for this group, depending on levels of income, very young children exper

the standnrds used. Advocates also agree ience a substantially larger calorie and pro

that in some countries subsidized food re- tein deficiency than adults and older children.
 
However, the young child's consumption
presents the cornerstone of overall basic 


woich in addition to reducing, increases rapidly with additional income.
need programs, 

the deprivation of the poor, may have
 

In Sri Lanka there are four major nutriccnvributed to a reduction in the rate of 

In Sri Lanka and the South tional problems: protein energy malnutrition;
population growth. 


Zrdian State of Kerala, the average per cap- nutritional anemia; to a lesser extent, titam

ita G.N.P. is $130 and $110, respectively, in A deficiency (xerophthalmia) and goitre.
 

Both countries with similar subsidized food, The increasing evidence of these nutritional
 

health and education propramn have birth problems was confirmed by the National Nutri

rates that have fallen dramatlcally. In tion Survey undertaken in 1975/76 by the
 

Sri Lanka the birth rate Jecrease' from 38.7 	 Ministry of Health, with assistance from the 

United States Public Health Service, USAID and to 27.5 between 1953 an- 1976, an( In Kerala 

74. Infor- CARE. The survey documented the problems
from 39 to 26.5 between 1961 and 


mation on food distributJon wlth[> the family found in pre-school children (6-72 months of
 

age) as summarized in Table IV.
is not available, but it It;,iar that cal-


orie intake is closely related to per capita
 
income. Since the poorest income groups have
 
a substantially larger family size, the
 
share of children that are malnourished be
comes larger than the share of adults.
 

Tabl'4 II. Net Food Subsidy, 1975 to 1978 	 (Rupees Million)
 

1975 1976 1977 1978 
Approved Revised Approv'ed 

ITEM 
 Estimates Estimates Estimates
 

I. GrossFoodSubsidy 1,230-4 937.6 1,060.0 1,043.0 2,074.5 

1. Losses on sale .1,220,0!, 899.1 1,036.0 968.0 2,026.0 

of foodstuffs 

(a) Ries'786'' 
(b). Flour 
(c) Sugar 

218.4, 
.215.1, 

6803 
52.9 

165.9 

707.0 
236.5 
92.5 

831.7 
125.9 
10.4 

1,251.3 
774.5 
-

2. Subsidy on other rl.9 16.2 24.0 25.0 50.0 

foodstuffs 

(a) Infant Milk 11.9 16.2 24.0 25.0 50.0 

II. Net Food Subsidy 1,230.4., 957.6 1,060.0 1,043.0 2,041.5 

Source: Central Bank of Ceylon, Review of the Economy 1977.
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Table M!. 	Thriposha Coverage of Malnourished Vulnerable Groups in Sri Lanka
 
October 1978
 

1969/70 1978 Rice- Total Number
 
Diet-deficient Ration of Thriposha

Households + Households* Beneficiaries
 

Colombo 164,675 	 247,095 64,000
 
Jaffna & Mannar 55,725 101,508 39,105
 
Puttalam 23,589 55,963 11,541
 
Kalutara 36,056 94,371 18,136
 
Vavuniya 12,866 8,436 1,350
 
Kurunegala 63,075 153,150 41,876
 
Matara 74,531 	 132,868 17,502
 
Anuradhapura 	 35,130 58,274 39,329
 
Galle 	 64,321 98,959 23,960
 
Batticaloa 	 54,45C 77,018** 25,684
 
Badulla 	 44,720 48,125 38,366
 
Kegalle 	 64,345 87,648 22,667
 

Matale 	 27,069 71,953 11,605
 
Ratnapura 	 53,713 96,506 9,379
 
Kandy 109,160 	 153,723 95,000
 

TOTAL 	 903,431 1,485,957 455,605
 

Total rice ration holders: 	 7,510,149
 

+ Socio-economic survey - Census and Statistics
 
* Retain the rice ration as the household income is less than Re. 300/per month ($19.50)
 
** Due to the cyclone, almost all households are getting free rice.
 

Protein Energy Malnutrition 	 had the most undernutrition, Tables IV
 
and V.
 

Acute undernutrition, or wasting (deficit

in weight-for-height), was prevalent in all 	 Nutritional Anemia
 
the health divisions, but the central high
lands were the worst affected. The survey also This is mainly due to iron deficiency and
 
established 	that the problem of wasting was 
 affects all ages, sexes and physiological

most acute in the second year of life, pro- groups, particularly pregnant women of the
 
bably due to a poor weaning practice, lower socio-economic group. The prevalence
 

could be summarized as follows:

Chronic undernutrition, or stunting


(deficit in height-for-age), affected 34.7% 
 Rural Urban Poor
 
of the population, being worst again in these
 
central highlands. However, the central high- P.egnant women 52% 49%
 
lands areas also include a large estate popula- Pre-school children 56% 49%
 
tion, and the same survey showed that the Adult men 35% --
estate areas were the worst affected, with a
 
chronic undernutrition prevalence rate of
 
62.4%.
 

A combined ranking of the 15 SHS areas,
 
determined by totalling the SHS rankings for
 
the three commonly-used growth indices of
 
weight-for-height, height-for-age and weight
for-age, indicated that the central highlands
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Table IV.- Rates of Malnutritil 4n Fre-school Children by S. H. S. Areas 

Gomez Classification 1aterlow Classification 

: . * P 
20 

-: 

P. j 4J 

* 43 

A* UAj . 9 v : : 4 : : : 

_. ti Q . 4 

- t1 . , 1 0 . : 0 1 21 

4 C4 * 8,830 

:0 : 
4 

S : 
: 

: 
: 17 

4 4
U19 

C:0 
: 

• : * 'a,0 : : : : ,, 

3 5 00 : 44%4 : 4,2 44: 
04 :9 

w 

* 
54 

~ . 0 U4 
0 

0 0 
wW4 $4 

r 1974 1975. 1976 

Calig : 0 : 5 5 :3 1,7 06 :5,9 20 :5,5 :1 0. 53.3 = .i : 6 

Colombo 
Jatna' 
Puttalam,2-
Ralutara 
Vavuniy 

: 
: 

: 

4-: 
22 

52': 
23 : 

-40 
17 
3 
47 
24 

: 
: 

3 

23-
43 

: 
: 

: 

4 
7 
8 

15 
16 

430,380 : 
107,325 
58,860 
113,130 
26,055 : 

28.2 
32.5 
34.6 
35.7 
36.4 

227,506 : 110,526 7,260 
: 56,345 33,270 : 1,609 

31,372 19,424 : 942 
:59,732 :35,183 : 5,204 
: 13,757 : 8,910 : 73 

: 
: 
: 
: 

4.9 
3.7 
5.1 
6.2 
5.8 

20.7 
: 28.4 
:24.-4 
:26.8 
: 29.6 

1.9 
1.6 

: 1.9 
:-3.4 
: 2.3 

: 
21,850 
19,470 
3,100 
8,830 

Inc. 3 

1urirnegala 
Matara, 
Anuradhapura 
Galle 

: 
: 

38 
42 
36 
50 

37 
41 
35 
50 

: 
: 

41 
41 
36 
45 

19 
:19 
: 24 
:31 

: 
: 
: 

157,545 : 
143,640 : 
88,290 : 
113,670 : 

39.6 
37.2 
38.4 
40.6 

:81,450 : 58,764 : 3,623 
77,134 :48,837 :4,596 

:47,500 : 32,138 : 1,765 
:53,993 :45,240 :5,457 

: 
: 
: 
: 

5.7 
6.0 
6.9 
8.2 

:30.4 
:29.7 
: 30.7 
:33.3 

: 
: 

2.3 
2.2 
2.9 
.1 

: 

: 

10.965 
8,685 
7,906 
6,328 

Batticaloa : 45 50 : : 32 181,270 : 42.3 : 37,628 : 31,289 : 3,088 : 8.4 : 36.5 : 4.0 : 9,233 

Badulla 
IKegille 
Matale 
Ratnapura 
Kandy 

: 
: 
: 
: 
: 

73 
60 
65 
66 
92 

: 
: 
: 
: 
: 

56 
54 
49 
63 
72 

: 
: 
: 
: 
: 

51 
51 
53 
64 
61. 

:33 
:34 
:35 
:39 

44 

: 
: 
: 

: 

118,935 : 
101,790 : 
71,685 : 

101,250 : 
243,675 : 

50.6 
45.4 
46.0 
49.7 
54.7 

51,736 :53,282 :6,898 
:48,146 : 41,225 : 4,987 
:33,047 : 30,323 : 2,652. 

43,958 . 46,699 : 3,756 
:96,982 115,989 : 17,300 

: 
: 
: 

: 

5.8 
7.1 
7.2 
8.8 
8.5 

:49.4 
: 39.6 
: 38.9 
: 37.3 
: 49.6 

: 
: 

4.0 
4.0 
3.8 
4.1 
5.5 

: 
: 
: 
: 

16,602 
7,68 
6,587 
6,527 
49.65 

TOTAL : .1,930,770 : 42.1* :960,286 :711,100 :69,710 : 6.6* :34.7* 3.4* 183,722 

*Percentalte total rural Sri Lanka. 



Maternal 
 No. of
 
Mortality No. of Severely 
 Crude Singu- Thri- Percen-

Rate for Pregnant Anemic Birth late p.qoha tage
1974/1976 Mothers Mothers Rate Mean Bens. 
 Covered
 

SHS AREAS 1974 1975 1976 
 1972 1977 Age at October by Th. 

Marriage 170 Program 

Colombo 0.5 0.3 0.3 89,640 17,928 28.2 25.1 24.4 14,484 80.78
Galle 0.6 0.9 1.3 25,260 6,215 25.0 24.7 
 25.8 2,459 38.93

Jaffna 0.7 0.4 0.3 23,850 5,962 29.5 
 26.6 23.4 7,183 96.94

Vavuniya 
 0.8 1.2 1.3 5,790 1,447 37.9 34.6 20.3 Jaffna -

Kegalle 0.8 1.5 1.0 22,620 
 5,655 23.1 22.1 24.4 
 1,895 33.52
 

Ratnapura 0.8 1.8 1.1 22,560 5,640 
 30.6 31.9 23.8 2,722 48.2
Kalutara 0.9 1.0 0.6 25,140 6,285 28.8 
27.1 25.2 .2,896 46.07

Anuradhapura 1.1 1.2 1.0 19,620 4,905 
 33.5 37.7 21.4 2,336 47.62
Kurunegala 1.2 0.9 1.0 33,010 8,752 
 28.8 25.6 22.8 .5,055 57.75
Badulla 1.4 1.4 1.1 26,430 7,929 
 34.8 26.4 23.8 6,830 86.13
 

Puttalam 1.5 1.2 
 1.2 13,080 3,270 33.2 31.1 
 22.1 2,282 69.78

Batticaloa 1.5 2.1 1.0 18,060 4,513 38.3 
35.0 20.1 1,832 40.57

Matara 
 1.6 0.7 0.5 31,920 
 7,980 '31.5 26.1 25.7 2,508 31.42

Zatale 1.6 0.7 1.1 
 15,930 3,982 31.0 27.4 22.7 
 2,104 52.83"

Kandy 2.6 
 1.6 1.4 54,150 21,660 31.6 25.0 
 24.4 i6,749 77.32
 

Weighted Average

Sri Lanka 1.0 1.0 0.9* 
 23.5
 

TOTAL 429,060 112,225 30.1 27.5 
 71,336
 

*Lowest in recorded history.
 

In the case of pregnant women, studies Endemic Goitre
 
have establinhed that iron, folate and, to
 
a lesser extent, vitamin B12 deficiencies Endemic goitre is a problem in the S.W.

contribute to the problem: 
 coastal belt and the central regions of the
 

country.which have a high rainiall. The re-
Iron deficiency 46.0% 
 sultant heavy leaching of the soil of its

Folate deficiency 20.0% 
 iodine content could be the causative factor,

B12 deficiency 6.9% 
 as the condition has been identified as heing
 

mainly due to a decifiency of dietary iodine.
Vitamin A Deficiency 
 However since the S.W. coastal belt is the
 
most densely populated area of the, country
This was identified as an important 
 (over 70% of the population reside within this
public health problem in only two of the 16 
 area), this percentage of the population is
 

health divisions of the country (Kegalle & 
 "at risk" of endemic goitre.

Matara) by the National Nutrition Survey

conducted in 1975/76. Prevalence rates for Approaches
 
night blindness and Bitots' spots in these
 
two areas marginally exceeded the 2% pre-
 As a major nutritional deficiency is pro
valence levels laid down by the W.H.O. as 
 tein energy malnutrition, the main strategy

criteria for the recognition of a vitamin A 
 must be through coordinated development

problem of public health importance, with efforts with generation of increased income,
maximum figures of 2.6 and 2.3% for night 
 agricultural production and health and educa
blindness and Bitots' spots, respectively. 
 tion strategies. It is important to close the
SeruR vitamin A estimations on a subsample 
 calorie gap if the protein intake is to be

of -he children confirmed that vitamin A 
 correctly utilized. There must hence be a

deficiency was only a marginal problem in 
 massive government intervention to maximize

SriLanka. 
 the output of energy per resource,cost (i.e.,
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the scarce resources--land, water and capital). 


With the present accent on rice production, it 


is well to increase higher calorie-yielding 

crops like tubers (yam, sweet potato) that are 


less water and capital intensive to obtain 


self-sufficiency in energy (calories), rather 


than to focus on rice alone. This is the best 


approach to the problems of maximizing land
 

,"4"_ and diversifying crop production, thereby 

Meet-
Improving the income of the small farmer. 


iog protein needs with a supply of animal pro-


tein raises many difficulties and may take 


longer to achieve. It is necessary to place 


greater emphasis on locally-grown pulses 


such as cowpea, green gram, pigeon pea and 


soyai' Soya stands out as the best source of 


protein for inexpensive formulated foods, as 


it provides the most protein for the money.
 

It is also a good source of oil, which is now 


in short supply due to the dwindling supply, 


of coconuts. 


Nutritional Contribution of Thriposha 


Thriposha provides a daily food supple-


ment of 50 grams. The nutritional composition 

of the various components used in blend-

ing Thriposha are shown in Table VI. Of
 

particular nutritional interest are the signi-


ficant concentrations of protein, calcium, 


iron, vitamin A, folic acid, vitamin B12 and 


ascorbic acid present in ICSM. There is also 


a high concentration of lysine, which is 
usu-


limiting amino acid in cereal-eating
ally the 

countries. Local grains (corn/soya) are 


blended (25%) in the formulation of Thriposha. 


This dilutes the nutritional contribution to 


some extent, as the indigenous product is at 


present without mineral/vitamin fortifica-


tion (Table VII). It is important that the 


totally indigenous Thriposha--the formulation 


of corn/soya--of the future be fortified with 


methionine. The only essential amino acid in 


ICSM that is below the FAO/WHO suggesteclevel 


is methionine-cystine, even with 5.0% nod-fat 


dry milk added to the formulation.
 

Nutritional Contribution for Pregnant and 


Lactating Women 


Thriposha contributes approximately 1/4 


or more of the daily recommended allowance for
 

minerals, calcium and iron, vitamins, thiamine, 


folic acid, vitamin B12 , niacin and ascorbic
 

acid for lactating mothers (Table VIII). The 


vitamin A contribution is of particular signi-


ficance in Sri Lanka, as 
it increases the 


concentration of this vitamin in the mother's 


milk. This is probably one reason that the 


symptoms of vitamin A deficiency have declined 


in the very young child cf the poor. For preg-


women, Thriposha contributes at least 

25% of all the recommended nutrient allowances 


with the ex:eption of energy, which can, how-


ever, be obtained from many cheap food sources 


nant 


that are not so rich in other essential nutri

ents. However, if Thriposha ±s taken for at
 

least 150 days of the pregnancy by low-income
 
group mothers, then the 20,000 extra calories
 

obtained will help obtain > considerably higher 

weight gain and a birch weight of over 2,500 

grams. 

Research has demonstrated the very close
 

relationship between infection and malnutrition
 

(Scrimshaw et al., 1965). Including a health
 

component with a nutrition intervention, t'ere

fore, will significantly improve the chances of
 

the infant and pre-schooler to survive ani to
 

effectively ase the nutritional input (Figure2).
 

Conversely, the nutrition component will have a
 

similar positive effect on the health input.
 

There are several different ways this can
 

be done. In some cases, for instance, supple

mentary rations are used as an incentive to
 

encourage people (especially mothers) to attend
 

government health centers. 
 An the mother picks
 

up the ration (weekly, biweekly or monthly),
 

she and her child are given health check-ups.
 

An exatple of such a program was found in Pro

ject'Poshak (Gopaldas et al., 1975).
 

The Family Health Program of the MOH is
 

fundamentally geared to the integrated approach
 

where the reduction of malnutrition, infec

tion and consequences of childbearing are the
 

center of all activitites. Nutritional activ

ities are being prunoted as part of Family
 

Health, the most important of which are feed

ing programs to the mothers as a prevention
 

against low birth-weight babies; collaborative
 

studies on breast-feeding simple anthropome

tric methods of monitoring the nutritional
 
state and growth of the child in its critical
 

first years of life; feeding programs especially
 

directed to the children at risk and for re

habilitating the severely malnourished child; and
 

the control of xerophthalmia and nutritional
 

anemia.
 

Relevant health and nutrition education
 

intervention, with messages that are directly
 

aimed at breaking the links that lead to mal

nutrition, infection and uncontrolled child

bearing, are now being promoted.
 

Progress/Review
 

The Sri Lankan Government has traditionally
 

placed high priority on health, education and
 

nutrition intervention programs. The Ministry
 

of Education increased its expenditure from
 

$1.5 million in 1973 to $2.5 million in 1976,
 

although total capital expenditures were only
 

$5.1 million. The MOE contribution accounts
 

for 55% of its budget for capital expenditures.
 

In addition, the Ministry of Health spends about
 

30% of its capital expenditures and 3% of its
 

total budget for the MCH project, plus distri
bution of Thriposha to scnools and institutions.
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Table VI. 	Nutritive Value of Nutrients Found in Thripo
sha. (Values per 100 g41Fnished Dry~commodity) 

Nutrients 
 ic.s Corn Sofortified flour 1/ 7 
Food Energy Calories 380 . 348 357 X 3 % 
 , .
 

Protein, grams 	 20.0. 8.9 16.0 4-

Crude fat, rams 6 0. 3.9 1.3 -

Crude fiber, grams 2.0 

rat. .0 1 5 	 . .......
 

Carbohydrates, grams. 0. 72.0 - 972.0 II "2 
-72 C 142 .. ""
 

Calci~ m gs. P00. ~ '24 - ------- - - - ---------* 
Phosphorus ugs. 100 -268 _182 . 4 

-	 - 

......... 

Iron ings. 18' 2.1 5.0 

X - -'< .....
 
.e ---- ---

Vitamin A IU 	 1,700 490 '882 N...... 
Thiamine (B,) egs. 	 :'/:.370 8 	 -_.64,.37 . 3 - 2 - atnapura-Kandy ...,... ,, 


43-	
, 

Riboflavin (B2) ugs. 0.6 12 	 Botticaloo.36 4-Baduila 
Niacin ags. 8 2.2 4.6 5-MataleNi.cin Ug..
.2. 


2 -6-Kolutora II - Vavuniya
Ascorbic acid rgs. 40 -	 7 - 12 PuttolamGolle --


:8-Kegolle 	 13 - ColomboLysine million grams/ 9-rKuruneglo 14- Matrar
 
gram protein 55* 58 29 28 
 0- Anuradhapura 15- Jaffna Start of ThrapshaNthionine - Cystine 35* 28 - I 

1968 1969 1970 1971 1972 f973 1974 1975Protein Efficiercy Rate (PER) 2.4 1.2 
 1.9 
 Years 

! Say-fortified flour at 12 percent 

SOURCE: FFTPL480 Tite II Commodities Reference Guide, 3/1/78. Figure 2. 	Mortality index before and after inception of Thriposha
 

program.
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Table VIL Nutritive Value Selected Nutrients, Contribution of 50 Grams Daily,
 

Thriposha totally
 
indigenous without
 

Thriposha mineral and vitamin
 
fortification
 

Food Energy Kcal 190, 	 185
 

Protein, grams 10.0 9.9
 

Crude Fat, grams 33.1
 

Crude Fiber, 	grams - 0.6 0.9 

Ash,grams 	 2.0 1.8
 

Carbohydrate, grams 30.0 	 31.5
 

Calcium, mgs. 450 	 340
 

Iron, mgs. 	 9. 6.9
 

Folic Acid'imgs. 1100
 

Vitamin B12,,igs. 	 '-


Vitamin A IU 850, 	 698 

Table VIII. 	Nutritional Contribution'of 50 Grams of Thriposha: Percent of Daily
 

Recommended Nutrient Allownace for Sri Lankan Mothers and'Young Children
 

Nutrient Allowance in Percentage
 

.Food
 
Type of 

Participant 
Energy 
Kcal 

-Cal-
Protein cium Iron: 

Vit. 
A 

Thia-
mine 

Ribo-
flavin 

Fol. 
Acid 

Nia-
cin 

Vit. 
B12 

Ascorbic 
Acid 

a / 

Male/Female 

1-3 years 
4-6 years 

16 
1 

42 
'32 

100: 
'100 

0 
110 

340 
283 

80 
57 

38 
27" 

79 
79 

44 
33 

177 
106 

100 
100 

Female 

20-29 years 
pregnant 10 24 100 32" 113 44f 23 25 30 53 66 

20-29 years 
lactating 8 14 -45 ' 23 .1 .36 18 33 22 64 66 

(female) 47.0;
Individual average weight per Kg. ages 1-3, 12.0; ages 4-6, 18.2; ages 20-29 


ages 20-29 (female lactating), 47.0.
 

SOURCE: 
 Department of Nutrition, Medical Research Institute, Colombo, 1976.
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Sri Lanka's extensive health, education 

and traspotation (roads and vehicles) systems 

facilitate the distribution of food to target 

groups. The curront program is to extend these 

services to othor critical areas such as the 

estates. 


A lck of a community development orienta-
tion serves as a major constraint of the pro-
groa. The central government of Sri Lanka has 
diready committed sizeable sums of money, so 
any further government input will have to come 

from the local community level. Traditional 

government support to welfare programs may have 

contributed to less self-reliance on the 


comunity's part. Despite poverty,.tf-*re4iu'
 
scope for community Involvement as a means 
of balancing the program from the bottom up.

The School Feeding Project could benefit from
 
community-provided foods, and HCi could use 
the l.elp of community health workers. There
fore, these two areas might become targets for
 
community organization efforts. Greater
 
efforts on the part of program participants
 
may be required to organize such activities.
 
Coordination with Sarvodaya, a Sri Lanka
 
community organization, is now being imple
mented on a small scale in the Thriposha Pro
gram and has shown that community participation
 
is possible and effective in strengthening the
 
impact of the program.
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The LEC Program In Sri I.anka 

Earl J. Goodyear
 
Thriposha Program
 
CARE-Sri Lanka
 

HISTORICAL BACKGROUND OF THE THRIPOSHA PROGRAM 


The origin of the Thriposha Program dates 

back to March 1972, when CARE submitted a pre-

plan project proposal for consideration to the 

Ministry of Planning to develop a nutritional 

weaning food made exclusively from indigenous 

foodstuffs fortified with a vitamin/mineral 

additive. This product was to be used to 

support the government's social service pro-

grams and to fill the commerical market de-

mands of the low-and medium-income groups. 

The timing of the presentation of this pro-

posal coincided with a period i,.i
Sri Lanka 

of short supply of milk food products, which 

eventually led to the termination of the 

daily primary school milk program supported 

-'yCARE. 


To support the feasibility of the pre-

plan proposal CARE developed a weaning food 

composed of a wheat/soya blend, non-fat 

dried milk and rice flour and tested the con
sumer acceptability of the product. The 

consumer results of this study were very 

encouraging. In April, CARE received appro-

val from the Ministry of Planning to proceed 

with the formulation of the project in con-

sultation with the Ministry of Health. Short-

term and intermediate-range goals were then 

developed, 


The initial thrust of the program was
 
the distribution of wheat/soya blend, a U.S. 

Government P.L. 480 Title II commodity, re-

packed into one-and-a-half-pound packets to 

42,000 nutritionally at-risk recipients 

through the Department of Health Services. 

The name Thriposha was used on each packet to 

give a national identification to the product 

and convey the triple nutritive value of the 

foodstuff. The intermediate goal of incorpo-


rating progressively-increasing portions of 

indigenous cereal to the imported commodity 

was planned to begin in mid-1974, with the 

government of Sri Lanka providing maize, sor-

ghum and millet. A target formula of 20%
 
local cereal to 80% WSB was envisioned. 


EVOLUTION OF LEC ACTIVITY 


In the summerof 1975, Mr. Paul R. Crowley 

was scheduled to visit Indonesia to discuss 

with CARE-Indonesia staff the planning for a: 


LEC project. The CARE staff in Sri Lanka re
quested that Mr. Crowley stop in Colombo to
 
explore whether an LEC system could be intro
duced to reach the production targets necessary
 
to meet the requirements of the Thriposha pro
gram's beneficiary level, which was then 310,
 
000. Mr. Crowley's visit to Sri Lanka conclud
ed with a joint venture agreement reached where
by CARE would procure a Brady cooker, model
 
206, and the necessary ancillary equipment
 
would be provided with funds from the United
 
States Agency for International Development
 
(USAID) through the United States Department
 
of Agriculture (USDA). The Agricultural and
 
Chemial Engineerin8 Department of Colorado
 
State University would design the extrusion
 
facility and provide installation and start-up
 
of the equipment and the training of personnel
 
for this undertaking. Dr. Judson Harper and
 
Mr. Ronald Tribelhorn from CSU spent 10 days
 
in Colnmbo in July to design the extrusion
 
plant and to determine the equipment to be
 
ordered on their return to the United States.
 

The Brady and ancillary equipment arrived
 
in Colombo late December, and by March 1976,
 
the pilot plant was established in a grain
 
milling factory in Kundasale 80 miles from
 
Colombo. Mr. Ronald Tribelhorn assisted in
 
the installation of equipment and trained op
erators in the management and maintenance of
 
the machinery. A flow diagram of this plant is
 
given in Attachments 1 and 1A.
 

The first twelve months of the pilot plant
 
demonstrated the capacity of the LEC system to
 
produce a nutritious food product acceptable
 
to the target group of recipients. The formu
lation of cereal passed through the Brady ex
truder changed frequently; sorghum/soyabean,
 
maize/soyabean and blends of maize/navy beans/
 
coconut oil in various proportions were
 
testod. The imported commodity to be blended
 
with local cereals was also changed from WSB
 
to Instant Corn Soya Milk to simplify the tran
sition to the 100% indigenous product,as wheat
 
is not grown in Sri Lanka.
 

An evaluation team (E.E. Kuphal, R.E.
 
Gaylord and A.A. Ackels), sent by the USDA,
 
reviewed the Kundasale operation in March 1977.
 
The purpose of this delegation was to review
 
the LEC operation in terms of suitability in
 
the manufacture of cooked food commodities in
 
developing countries and to assess whether the
 
Sri Lanka installation adequately demonstrated
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the suitability for that purpose. Their con-

clusions, in brief, were that the LEC is suit-

able for use in developing countries with some
 
refinements and that the Sri Lanka installation
 
had not yet adequately demonstrated its capac-

Ity to produce nutritious foods with relia
bility, as measured in terms of meeting pro-

duction schedules and production at low operat-

ing expense. The evaluation team left a set 

of recommendations which proved most useful 

for improvemeut of the Kundasale operation. 

Some of the problem areas found in this 

evaluation will be discussed in another sec-

tion of this paper. 


By 1978 the operating efficiency of the 

Kundasale plant had been improved, but the 

capacity to process local cereals to meet 

future production requirements, combined with 

the expenae of transporting extruded cereals
 
to Colombo for blending, necessitated a major 

relocation and expansion program. The Minis-

try of Health and CARE agreed to build a 

Thriposha processing complex to meet future 

program requirements on a seven-acre site 11 

miles north of Colombo. The site selected in 

Kapuwatte was ideal, as it has direct access 

to both rail and main road transportation net-

works. The new complex, now under construction 

and scheduled for completion in April, will 

be adequate to handle the production of 

Thriposha for 600,000 recipients in a free 

distribution annually and the initial stage 

for a commercial marketing plan, scheduled 

to begin in September. 


The new Thriposha processing complex will 

include under one roof storage facilities for 

raw materials and the finished product, a 

grain cleaning section, processing and packag-

ing sections and a quality control laboratory. 

A flow diagram of this building is given in 

Attachments 2 and 2A. The heart of the LEC 

system is two electrically-powered Brady

model 206's as modified by CSU. The ancillary 

equipment procured for the complex is given in 

Attachment 3. A lunchroom facility for the 

expected 150 employees and a garage for the 

seven Thriposha lorries are also now under con-

struction, and plans for a second storage 

building are under consideration. 


The plant operation and administration 

will be contracted to a third party with ex-

perience in the field of food processing and 

management. Under the terms and conditions
 
of a contractual agreement, the third party 

will be responsible to produce an estimated 

10,000 metric tons of Thriposha in the first 

year of operation. CARE and t ,; Ministry of 

Health will establish the quality control 

standards to be maintained and the financial 

and material accountability systems to be 

implemented. The recruitment of potential 

parties to undertake the plant management is 
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now underway, and we expect to select a candi
date and sign a contract in mid-March.
 

PROBLEMS: PAST AND PRESeNT/SOLUTIONS
 

In the first year of the Kundasale LEC op
eration the biggest problem encountered was the
 
inability to meet production commitments. The
 
evaluation team in 1977 commented that they were
 
impressed with the LEC concept, but that the
 
Kundasale system was not out of the "pilot plant
 
stage and ready for dependable continuous pro
duction as a satisfactory commercialenterprise." 
Basically, the operating parameters of the
 
equipment, spare parts requirements and a sched
ule of preventive and breakdown maintenance
 
procedures were learned the hard way as the pres
 
sure for production increased.
 

Steady improvements were made in daily and
 
monthly plant extrusion of local cereals as
 
equipment operators grew with experience and
 
maintenance performance of high quality develop
ed. Attachment 4 shows the growth pattern of
 
cereal utilization at the inception of the pro
gram to date. Production has ranged from a low
 
of 195/332 kg. per operating hour in October
 
1976 to thL high of 480.7 kgs. per operating
 
hour for the period of July 1, 1977 to June 30,
 
1978. Assuming a rated capacity of 1,000
 
pounds/hour and actual working days planned of
 
208 @ 15 hours/day, the capacity of utilization
 
of the plant was 85.4 in the above-mentioned
 
period.
 

The development of a spare parts inventory
 
requirement list, prepared by Colorado State
 
University staff, and timely procurement have
 
been instrumental in reducing the downtime of
 
the plant. We are estimating that 10% of the
 
equipment of the plant should be available in
 
spare parts for the plant each year.
 

Comments by the USDA evaluation team in
 
1977 suggested that "inadequate maintenance is
 
the cause of most of the lost operating time
 
and parts failure." The recording of the cause
 
of machine failure was inconclusive in illustra
tions given by the operators at Kundasale. Mr.
 
Ronald Tribelhorn, in his many visits to Sri
 
Lanka, has upgraded the skills and knowledge
 
levels of the Kundasale personnel to make them
 
sensitive to machine requirements for satisfac
tory long-life operation.
 

The availability of local cereals in suf
ficient quantities and of acceptable quality has
 
been and continues to be a constraint on the
 
program. The quality of soyabeans and maize is
 
directly associated with the storage practices
 
employed outside the program's control. In
 
1976/77 the program fell short of soyabeans for
 
production. The government of Sri Lanka estab
lished a floor price of US $0.17 per pound for
 



soyabeana to encourage faiers to cultivate in 	 been vital for the program to develop to its 

1978. The availability of soyabean has improved 	 present level. To date, over 29,000,000 pack
eta of Thriposha have been distributed to
significantly. "nfortunately, maize pro-


duction has declined, as farmers choose to medically-selected recipients throughout Sri
 

plant paddy when there has been adequate 

rainfall. The program has fallen short of
 
maize at present and has been forced to run 

on a limited production schedule for the past 

month. Our shortage of maize is attributed to 

inadequate storage by our supplier (Paddy 

Marketing Board) due to the heavy paddy yield 

in the past season. The government has insti-

tuted a building program for additional stor
age facilities to accommodate the unusually 

high crop yield. 


Infestation of grain cereals has been 

minimized by implementation of scheduled 

fumigation and close supervision. Raw mater-

ial sanitation will be greatly improved once 

the new Thriposha processing complex is com-

pleted and under the direct management of the 

program coordinators.
 

Power failures, although not a frequent 

problem now at Kundasale have contributed to
 
downtime and were unavoidable. The new com-

plex will be receiving its electricity directly 

from the national grid through the plant's 

own transformer, 


PROGRAM RELATIONSHIP WITH GOVERNMENT OF SRI 


LANKA/OTHERS 


The success of the Thriposha program LEC 

activity must be attributed to the financial 

and technical assistance received from a wide
 
range of sources. Firstly, the Ministry of
 
Health, under the auspices of the Family
 
Health Program, whose objective is to improve
 
the quality of life of women and children in 

Sri Lanka, has played an active role in the 

design of the program since its inception. The 

Ministry recently approved a five-year budget 

(1980-1984) to support the program targeted 

to reach 600,000 recipients in a free distribu
tion of Thriposha by 1981. This assurance of 

project continuity andplan for the achieve-


ment of a completely indigenous product by 1988
 

has stimulated external participation and sup
port. 


•. 

The technical advice and material assis-

tance provided through agencies of the United 

States Government have been significant. The 

USDA's Nutrition and Agribusiness Group has 

provided the program with its first spark and
 
continue to provide technical support services 

through the availability of CSU personnel and 

private consultants in the areas of industrial
 
management, grain handling/storage and market
ing.
 

The procurement of PL480 Title II food-

stuffs from the United States Government has 


Lanka.
 

UNICEF has assisted the program through
 
the procurement of bix 5-ton trucks, which
 
were supplied at a time of critical shortage of
 
vehicles, for the transporting of raw materials
 
and Thriposha. This contribution has reduced
 
one program constraint to manageable terms.
 

Finally, there are not cnough superlatives
 
to adequately describe the efforts given and
 
results obtained by the medical officers through
out Sri Lanka who are responsible for the
 
selection of recipients and the allocation of
 
Thriposha. Doctors, midwives, school teachers
 
and volunteers have contributed countless houro
 
of service to this vital end-of-the-line
 
Thriposha channel.
 

SHORT-AND-LONG-TERM PROGRAM GOALS
 

The initial long-term goal of producing a
 
100%-indigenous food product still remains in
 
the forefront of the program. With increasing
 
program support by the government of Sri Lanka
 
this target is expected to be attained in 1988.
 
Domestic input in the form of local cereals
 
has been on the increase since the inception of
 
the program, while the imported PL 480 commodity
 
inputs have remained at a constant level and
 

will begin a phased decline in 1981 as shown in
 
Figure 1.
 

6
 
T Recipients 

In 
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Dmesic inputs
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Fiscal Year 

Figure 1. 	Commodity/recipient level
 
FY1978-84.
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Recipient levels, having begun at 42,000 
 ; j4 

in 1972, will rise to a ceiling of 	600,000,
 
considered to be the maximum effective level to 

which Thriposha can be distributed through the 

I
 

Ministry of Health MCH infrastructure. For
 
this reason and the known statistic that malnu
trition of pre-school children may 	be as high
 
as one million, a commercial plan for Thriposha

has also been followed to date. Commercial
 
sales will begin in September, and a realistic
 
projection of volume will be determined during

the eight-month trial.
 

The following table shows the targeted
 
recipient levels of Thriposha receiving a
 
monthly ration of 1.5 kilos 
 (Table I).
 

The availability of maize and soyabeans

remains crucial to the attainment of short- Arecently-completed railroad siding services
 
term and long-term production goals. 
The pro- the new plant.

gramb commodity requirements, in line with the
 
recipient levels given above, are detailed for
 
the next five-year period (Table II).
 

The evolution of farming systems in Sri
Lanka has brought about a change in the tradi-
Table I. Target Recipient Levels of Thriposha 	 tional demarcation between rice as a dominant
 
crop and other field crops as subsidiary. The
 
production of highly nutritious varieties of
 
grains such as maize, sorghum, millet, cowpea,
FY80 FY81 FY82 FY83 FY84 
 gram and soyabeans is now well-established


(in Thousands) and is gradually developing into a regional
 
specialization. 
The program is confident that
 
government, through the Agricultural Produc-
Medical Centers, 
 tivity Law, will meet the food production tar-
Health Stations 
 gets far in excess of our requirements.


and Estates 440 490
490 490 490
 
Figure 2 describes the schedule of activi-
Primary Schools 100 100 100 100 100 
 ties and time frame required to accomplish the
 

1transition 
 from the Kundasale plant to the
Social Service 
 Thriposha processing complex in Kapuwatte.

Institutions 10 10 10 10 10
 

TOTAL 550 600 600 600 600
 

Item Jn Feb M ft Jun Jul 
CivilWrks 

Table II. 
Commodity Procurement Requirements Powr hupply 

RaolwaySiding 
RecruitmentTahnlcal 
RecruitmenrtOther(in Metric Tons) 
 P E 

Fiscal Year 
 ICSM • Maize Soabeans 	 M hyment 
Installation Instructions / 



1980 
 6,300 3,200 1,200 
 Instalialion: ram Bins 
intollatlon: Flour Bins1981 - .6,300 4,000 1,500 Installation:Cleaning 

1"" Instollatlon: Dehulling

1982 5,400 4,800 1,800
 

4,500 5,600 2,100 
 Kndea 
Test Runs__ _ - 

1983 	 Move Eilpment

1984 3,600 6,400• 2,400	 
-

Figure 2. Implementation schedule 	for plant.
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Colorado State University ed his aes"iste in 
The LEC activity, from the Kundasale plant the success of the promotion of LEC gystemissin 

to the new Thriposha processing complex, has developing countries must be gtvan. 
supported the focus of the program of reducing 
the incidence of malnutrition in Sri Lanka by, The LEC system in Kundasale has proved 
supplementing inadequate diets. The problems cost-effective as shown by the data given in 
encountered along the way have been significant Tables III, IV and V. Most recent calculations 
in number but have been resolved through the have shown that a pound of Thriposha can be pro.
tapping of technical and managemenc services duced and packed for U.S. $0.15. The coordina
affiliated with the program. Recognition of the tors of the program agree that improvements can 
important roles played by Mr. Paul R. Crowley be made to produce a better product within the 
of the USDA's Nutrition and Agribusiness Group financial capabiliites of a developing .untry 
and his co-workers and Dr. Judson M. Harper of to support. 

Table III. Production Costs
 

IuC,.
 
Quantity
 

Obtained or Quantity Unit
 
Line Item Produced Losses Prices Total Price
 

1. 	Raw Materials
 

A. 	Corn 1,034,513 Kg. 96,769 Kg. 0.1048 108,406.96
 
B. 	Soybean 298,991 Kg. 27,982 Kg. 0.4267 127,579.45
 

2. 	Packaging Materials
 

A. 	Gunnies N.A.l/ - -
B. 	Poly Liners 26,648 - 0.0733 1,952.35 

3. 	Production
 

A. 	Kundasale Processing 1,208,753 Kg. - 2/ 25,904.86 

1. 	Management - - 1,526.45= 
2. 	 Labour -(706.4) 

3. 	 Other - (791.23)4/ 

B. 	Transport 1,208,753 Kg. - 0.0043 5,157.63 

C. 	 Maintenance I,324.261.. 


D. 	Spare parts (Total - 4,038.45*
 
only;could list by
 
item if you wish)
 

E. 	Direct Costs
 

1. 	Fuel 38,679 L. - 0.0781 3,021.45 
2. 	Lubricants - - - 38339*
 
3. 	Electricity 57,124 kWh - 0.0097 552.77 

4. 	Cost of Production Total - - 279,848.02 

11 Gunny bags supplied without cost by Paddy Marketing Board
 
2_-/
Cleaning cost per kilogram 0.0142; processing co3t per kilogram 0.0043 
31 CARE-managed staff salaries 
37 Permanent/temporary labour salaries managed by Cereal Products Factory 

not included as covered in processing expenses
 
Separate breakdown given in Table IV.
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In conclusion, you are most cordially colpelx inSri Lanka, and I otld ieelcorw the
lvited to visit the new Thripoaha procesuing 	 opportunity to open dialopasamto gcbane&ini

formation on this prcgram with you., 

Table IV. Capital Costs
 

Unit -Service- Unit Cost

Line Item Price able Life Hrs/year S/hour
 

1. 	Equipment
 

A. 	Bulk Tanks 1,905 
 10 yrs. k,514 0.07757
 
B. 	Cummins Diesel 
 10,000 10 yrs. 2,514 0.39777
 
C. 	Brady 5,000 2,514
10 yrs. 	 0.39777
 
D. 	Cooler 7,600 10 yrs. 
 2,514 0.30230
 
E. 	Prater 
 3,100 10 yrs. 2,514 0.12330
 
F. 	Modern Mi 
 4,100 10 yrs. 2,514 0.16308
 
G. 	Screw Conveyors 3,800 3 yrs. 2,514 
 0.50384
 
H. 	Electrical 2,250 
 10 yrs. 2,514 0.08949
 

2. 	Installation Cost
 

A. 	Labour ) 2,940.68 10 yrs. 2,514 0.11697
 
B. 	Material)
 
C. 	Other ) 

3. Technical Assistance 10 yrs,
 
Costs*
 

A. 	Planning of plant
30 days 6,000 10 yrs. 2,514 0.23866
 

B. 	Installation,
 
Training and
 
Start-up-30 days 4,500 10 yrs. 2,514 0.17899
 

C. 	Technical Back
stopping-80 days 
 12,000 1( yrs. 2,514 0.47732
 

4. Total Direct Plant
 
Costv 63,240.68 -- - 3.06706
 

*Based on consulting services of $150/day/consultant. Only chnrge is made which is
 
related directly to plant logistics and peculiar to Kundasale. Estimate by CSU.
 

Table V. Summary
 

Average
 
$/hour Production
 

Line Item 	 Unit Cost 
 per 	hour Cost/Kg.
 

1. 	Total production cost 111.32 
 480.81 Kg. 0.231.
 

2. 	Total direct plant costs 3.07 480.81 Kg; 0.0064
 

218
 

http:63,240.68
http:2,940.68


Table VI. Breakdown of Spare Parts
 

Line Item Rupees 


Brady Extruder 45,858.00 


Cummins Engine 6,559.00 


Modern Mill 3,033.00 


Prater Mill 3,639.00 


Cableway 3,077.00 


EP Auger 286.00 


Heat Sealer 144.00 


TOTAL _62±560 


Engine Oil 170 GIs @
 

25.80 4,386.00 


Gear Oil4 Gls. @ 40.40 161.60 


Hydraulic Oil 10Gls. @
 
95.00 195.00 


Modern Mill Oil 4 bottles 
@ 20.00 80.00 

Grease 140 lbs. @ 8.00 1,120.00 

TOTAL __5242 

U.S.
 
Dollars
 

2,958.58
 

423.16
 

195.68
 

234.77
 

198.52
 

18.45
 

9.29 


_41038.45
 

282.96
 

10.43
 

12.58
 

5.16
 

72.26
 

.. 383.39 


The plant's finished product storage area.
 

- A 

The building with lunch and restroom facili
ties is nearing completion.
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AMAKO I 'mFiUtOS PLANT, CERZAL .PRODUCTS FACTORY,. KUNDASALE 

Chning Room Out Door Processing Room 
Pump

I Fan 

Flow 
Meter 

Cyclone 

Maize Soy Modern BoyPrater 
Mill Engin~eMl

I I Auto 
Bagger 

TanTan e,= 
AITTACHMET SHULE ONE-TION RICE, MILL FOR CLEANING MAIZE ANDC0I.SOY, CPF, KUNDASALE 

I Ia 
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Riprocating ady Rotary Surge Surge SreI RiceScalpe r ,Sele Scalper Tak Twk I Tank irader 
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ATTACOMNT 2 PROCESSING SECTION, PROPOSED THRIPOSHA PLANT, JA ELA
 

B lower 

g0
 
Surge 0 

U. 'fl Surge c 

UFromSurge Tanks 

T 1M# r9 Micropul Blne2
MlMill J 

To Packing Tables 
From Bulk Tanks 

ATTACH;NET'2A-.,CLEANXINGSTORAGE- DEHULLING, PROPOSED THRIPOSHA PLANT, JA ELA 

Cleaning Room * Dehu ling' Roo, I Out Door 
<Cclone '.0 {
 

Blower I I 

- I 

Scalper S . 

an 
-

.k 
BulkTank ulkTank 

Desloner slower " 
S Soy maize 

Separal Ochuller 

24
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ATTACW? 3
 

PROCESSING SECTION. 
CLEANING SECTION 17 2 Four-inch diaueter 

Item Quantity Description 
(U.S.) 
Cost 18 1 

screw-type conveyor 
Proportioner Mill 

724.60 

1 1 Belt-type bucket ele- (Modern Mill) existing 

vator leg. Universal 
C-2 1,835 19 1 

inSri Lanka 

Surge tanks 

3,736.00 

1,500.00 
2 1 Two-screen scalper 

Forseberg 60/8400 9,192 
20 4 Vibratory feeders 

(4 ordered) 972.00 

3 1 Destoner (follows 
scalper) Forseberg
H-8 15,772 

21 
2Bdy 

2 Brady Crop Cooker 
Crop C0oker 

Model 2160 10,658.00 

4 1 Belt-type Bucket 
Elevator leg 1,829 

22 
23 

4 
1 

Surface Thermometers 65.00 
Pressure-reducing valve 160.00 

5 

6 

7 

8 

9, 

10 

11 

3 

1 

1 

1 

1 

1 

1 

Automatic Baggers 

Avery Model 4904 23,309 
DEHULLING SECTION 

Four-inch diameter 
screw-type conveyor 290.80 
Vacuum Gravity Table 
Separator 9,164 

Four-inch diameter 
screw-type conveyor 338.70 

Sturtevant No. 3
Scourer/huller 
aspirator 8,155,00, 

Single deck mechan-
ical separator 1,751.001 

Conveyor for dehull-
ing system two-way 
valve 8" luI trough ii,652.00 

24 

25 

26 

27 

28 

29 

31 

32 

30 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Needle valve 

Rotameter 

Belt Conveyor 

Finished Product (ex
isting in Sri Lanka) 

Dorsey-McComb oven 

Reduction Mill 

Surge Tank 
Single Deck Mechanical 

Separator 

Four-inch screw 
conveyor 

Surge Tank 

39.30 

233.00 

7,930.00 

10,605.00 

9,890.00 

500.00 

5,000.00 

300.00 

924.00 
12 2 Automatic weighing 

machines Avery model 
4901:'. 6,361.0 

33 

34 

1 

1 

Ribbon Blender 

Blower 

19,897.20 

9,054.00 
13 

14, 

1 

1 

Belt-type bucket 
elevator 

Galvanized steel 
storage bin: 
Read Model 10 

4570 

1,345.00 

35 

36 

37 

1 

3 

16 

Infest Destroyer 

Surge Tanks 

Plastic 44-gallon 
container with lids 

4,445.00 

6,000.00 

15 

16 

1 

2 

Galvanized steel 
storage bin: Read 
Model 25 1,780.00 

Discharge boots for 
items 14 and 15 (cost 
included in items 
14 and 15) 

38 3 

and castors 

Magnets for each of 
the following loca
tions 
1. Inlet to the 

Sturtevant 
2. (2)Outlet of the 

proportioner mills 
3. Outlet of final

blender (stainless) 

1,000.00 

390.00 
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ATTALkjM_ 3 (Continued) 

Item Quantity Description Cost 

39 1 Magnet flat plate type 

for location in mill 
inlet 551.00 

40 1 Belt Conveyor 12,000.00 

41 thru 70 Workshop Tools and 
Equipment 2,910.O6 

71 Electricals (to be 

specified later) 

72 2 Platform Scales 2,438.00 

73 2 Portable Platform Scale 1,363.00 

74 12 Industrial Counter 
Scales 2,621.00 

75 1 Industrial High-Pres
sureCleaner 2,973.00 

76 

77 

78 

79 

80 

81 

82 

83 

84 

6 

8 

12 

1 

1 

12" Heat Sealers: 
Sergeant Model 312 

Spare parts for 
existing heat seal
era 

Spare parts for ex
isting Bay Stitcher 

Exhaust fans 

Air Conditioners 

Floor Sealer 

Air compressor 

Equipment spare 
parts @ 10% equip
ment cost 

Crating and Inland 
freight @ 6% 

2,000.00 

385.00 

361.00 

4,053.00 

5,028.00 

747.00 

1,350.00 

ATTACHMENT 4 LOCAL CEREAL UTILIZ.ATION 
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LEC ActMtles In Thailand 

Prof. Amara Bhumiratana
 
Institute of Food Research and Product Development
 

Kasetsart University
 
Bangkok, Thailand
 

infants, pre-school children, schoolchildren
First of 4ll, I would like to sincerely 

and pregnant and lactating women. The causes
thank Colorado State University (CSU) and USAID 


for inviting me to participate in the Second of the malnutrition problem are, of course,
 

multiple. The lack of sufficient income to
International Low-cost Extrusion Cooker (LEC) 

buy high-quality foods, the unavailability of
Workshop in Tanzania. This workshop has allow-


ed me the great opportunity to meet and talk high-quality food products, the poor distribu

tion of food and eating patterns and habits
with numerous scientists involved in the area 

are the main causes which contribute to it.
of extruder te!chnology. The detailed comments 


and suggestions obtained in this workshop will
 

undoubtedly be of much help to us in develop

ing extruder technology in Thailand. I regret CAUSES OF MALNUTRITION PROBLEMS IN THAILAND I/
 

that I was unable to attend the first workshop
 

on this topic in 1976. Population Growth and Food Production
 

Malnutrition will occur if food production
Special thanks must be paid to the USAID, 

falls behind population growth. It is clearly


which has assisted Thailand on two related 

projects, namely, "Protein Food Promotion" and shown in food balance sheets of 1966 and 1972
 

that food supply for the demand of domestic
"Protein Food Development," from 1969 to 1971 


and from 1971 to 1974, respectively. Further- consumption has not been increased during the
 

more, at this moment USAID is considering period.
 

support of another project dealing with the
 

problem of distribution of high-protein, low- The FAO food balance sheet (1966) indi

cates that food available for domestic consumpcost food in Thailand. In addition to the 


support from USAID, other support was tion was 2,226 calories and 50.9 gm. protein
 

received from ASEAN (Association of Southeast (vegetable sources, 38.6; animal, 12.3) per
 

Asia Nations, which consists of Indonesia, capita per day. Rice supply was 442.5 gm.
 

The foodbal&nce sheet for 1972 shows 2,579.5
Malaysia, Philippines, Singapore and Thailand). 

calories and 57.8 gm. protein (vegetable sour-
The cooperation of the ASEAN countries, 

ces, 40.3; animal, 17.5) per capita per day.
through the ASEAN Subcommittee on Protein, 


has resulted in the exchange of personnel Rice supply was 482 gm.
 

and data on the use of extruder technology
 
Comparison of food balance sheets for


in the region. 

1966 and 1972 indicates that the increase in
 

food supply for domest.ic consumption is al-
Again, I thank the organizers of this 

during this period. Although the


workshop for allowing me to participate. I most nil 


will see to it that the information obtained aggregate balance and average per capita are
 

still good enough to weet the average demand
 here will be shared among my colleagues in 

(1920 calories, 38 gm. protein and 350-400 g.
Thailand, as well as with those in the ASEAN 

rice), there is a remarkable increase in pop

countries, 

ulation from 31,955,000 in 1966 to 38,577,000
 

in 1972, or about 3.1-3.2% per year. During
 

this period the population grew about 7 ail-
INTRODUCTION 
 lion while the increase in food supply was
 

almost negligible. The situation will be
In Thailand, malnutrition is still one of 

worse in subsequent years.
the major problems which affects the health 


and well-being of the population. Severe mhl

nutrition problems are prevalent mostly in 1/
 
The major part of this section was' taken from
 the slum areas of Bangkok and the remote rural 

the Fourth National Economic Social and
It has been reported that approximately
areas. 


52-76 percent of the pre-school children aged 	 Development Plan, which was prepared by the
 

National Economic and Social Development Board
 from 6 months to 5 years living in slum areas 


of Bangkok and rural arzas are suffering from of Thailand.
 

malnutrition. The most severe type of malnu

trition that is reported is the protein

calorie malnutrition, which occurred among
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In 1978, the total population in Thailand 

was estimated at 45.Z million. The numbers in 

the mst vulnerable groups were as follows:
 

Children 0-4 years of age 8 million 
Children 5-14 years of age 13.5 million 
Pregnant women 0.9 million 

These three groups will suffer most trom 

malnutrition if there is inadequate increase 

of food supply and nutrition policy is not
 
recognized in the national planning of agri-

cultural production. 


From the figures of food availability in
 
the food balance sheet of 1972, one might 

think that Thailand had enough food and that 

the Thai people should not have suffered from
 
malnutrition. But the fact is that the food 

does not reach the consumers for full utiliza-
tion. 


Family Income 


Family income has a close relationship 

to diets. It determines the family's food 

expenditure in middle-and low-income families. 

The family's diet is uot automatically better
 
with a higher income, though consumption of 

meat and milk products, fruits and vegetables 

increases eventually. In fact, there may be 

a range of income in which substitution of 

processed foods and high-cost nutrients for
the subsistence diet actually reduces family 

nutritional status. 


The family in the municipal areas spends 

an average of 47.72% of income per month for 

food, while in the rural area 48.43% is spent. 

These averages conceal the fact that families 

with very low incomes often spend 90% or 

more on food. 


Family income usually derives from two 

sources, visible and invisible. The visible 

income includes salary, wages and net profit 

from business, while the invisible is the
 
income which can not be calculated by mone-

tary value and usually forms a larger part 

in the rural economy than in the urban. Data 

show that average invisible income of the 

whole population is 38.1% of the total visible 

income for the rural and 5.3% for the urban. 

The highest is among the population of the 

Northeast, 76.1%, while in the North it is 

45.7% and 14.8% in the Central. 


In consideration of nutrition problems in 

the population, these two sources of income 

have been combined and compared with least-cost 

expenditures on food the family needs to ful
fill Yminimum requirements. Formulations of
 
least-cost diets for a family of six havi 

been prepared, based on the quantity of food 

"needed by the family," its nutritive value
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and the cost. Following is a summary of the
 
calculation.
 

Minimum food requirement for a family of
 
six, including father; mother, 3 children (ages
 
of 6, 4 and 3 years) and 1 old woman is as
 
follows:
 

total calories 9,710.0
 
fat 219.0 gi. or 20.4% of
 

total calories
 
carbohydrate 1,708.3 gm. or 70.4% of
 

total calories
 

protein 2c23.6 g. or 9.2% of
 
total calories
 

Expenditures for various categories of
 
food to make three meals, using average prices
during 1972-1973, is Bahts 20 per day, or Bahts
 
7,300 per year. 2/Only foods regularly con

sumed in Thai diets were included. Taking 50%
 
of the total income as an average expenditure
 

for food, annual total income of the family
 
required to buy enough food will be Bahts
 
14,600.
 

In applying the above findings, it can
 
then be assumed that any family with an annual
 
income below Bahts 12,000 is at a poor level of
 
nutrition. According to the statistics, this
 
includes 61.1% of all families in rural
Thailand. At least 3% of urban families are
 
also below this level. Regional distribution
 

is as follows:
 

Northeast municipal areas 1.2% 
ural 7.% 

rural 76.3% 
North municipal areas 2.4% 

rural 68.7% 
I,1 

South municipal areas 
. 

3.7% 
rural 68.2% 

Central municipal areas 2.2% 
rural 51.7% 

In reviewing the relationship of income
 
to nutrition, it is important to recognize
 
that family income adequate to produce or pur
chase satisfactory nutrition status for all
 
family members does not assure that each indi
vidual will be properly fed. Distribution pra.
tices within the family often lead to malnu
trition among young children, even in higher
income groups.
 

In summary, Thailand has a number of fam
ilies in the regions which cannot afford to buy
 
enough food to fulfill minimum requirements:
 

2/ 
1 $ US - Baht 20. 



Whole country 64.12 

Northeast 77.5% 

North 71.1% 

South 71.9% 

Central 53.9% 

Eating Habits and Patterns 


Eating patterns of the people usually 

vary according to the community's ecology
 
as well as tradition. The urban community
 
has different patterns and habits of eating 

than those of the rural area. The income of 

the family and the nutritional knowledge of
 
the members also designate the quality of 

food prepared. Generally, meal patterns con
sist of cooked rice consumed with "Kaeng" or 

"Nam Prick," vegetables and a small amount of 

protein food such as fish, meat or egg. The 

protein food is usually considered an appeti-

zer instead of the main item of the diet. 

This type of meal constitutes a low-fat diet. 


In the rural areas, traditional beliefs
 
and food taboos are widespread--especially 

among pregnant and lactating women--and con-

tribute to poor habits of eating. For exam-

ple, pregnant women are not allowed to eat 

meat. Also, prohibition of certain kinds of 

food is practiced after delivery of babies. 


Food Distribution 


There are several locations in Thailand, 

especially in the Northeast, where the land 

is arid and poor, yielding low food produc-

tion insufficient even for family consumption.
 
The remoteness and isolation of the areas caus 

failures of food distribution. Malnutrition 

is quite common among the people, as is 

evident in the reports of the mobile medical 

units, 


The marketing system and distribution of
 
foods cause nutritional gaps. Frequently, 

foods do not reach consumers at reasonable 

cost. The roles of middlemen, exporters, 

and the undeveloped transport system, as well 

as the lack of facilities, are mainly respon-

sible for the higher price of foods. Rice
 
shortage, for instance, has occurred almost 

every year in spite of the aggregate balance 

which appears in the statistics. The same 

problem is applied also to other food commod-

ities, particularly the protein foods whose 

frequent shortage and higher prices cause
 
much trouble among the low-income groups of 

population. The following factors are 

involved: 


1. The policies on production and domes-

tic consumption are not coordina
ted. Food producers are always in
terested only in the amount of profit,
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thus neglecting the needs of the con
sumers.
 

2. Hoarding by merchants causes short
ages and high prices of food.
 

3. Over-exporting legally and illegally.
 

4. Improper marketing system results in
 
too much difference between produc
tion cost and retail price.
 

THE USE OF EXTRUDED PRODUCTS IN SOLVING MAL-

NUTRITION PROBLEMS IN THAILAND
 

Food and Nutrition Policy
 

1. Develop better health of all segments of
 
the population to lower the morbidity and
 
mortality rates, to increase working capacity
 
and productive years by improvement of nutri
tional status of the population; and to develop
 
programs within the health care system that
 
will prevent and rectify nutritional problems.
 

2. Assure an adequate food supply to meet
 
the nutrition needs of all segments of the
 
population by improving food production pro
grams for nutritious foods. This supply will
 
be available for consumption at reasonable
 
cost.
 

3. Assure an adequate food supply for the
 
nutritional benefit of domestic consumers by
 
developing an appropriate system of distri
bution, transportation, marketing, storage,
 
import and export of food commodities.
 

4. Develop at all levels sound knowledge
 
and understanding of food and nutrition that
 
will promote maximal nutritional health by
 
strengthening programs for nutrition education
 
both in the school curriculum and for the
 
general public.
 

5. Maintain a system of quality and safety
 
control of food supply for the benefit of the
 
consumers by strengthening food control meas
ures, food sanitation and personal hygiene
 
standards.
 

6. Raise social and economic standards for
 
all segme'.ts of the population, thereby con
tributivg to the development of food and
 
nutrition by promoting various occupations
 
for higher income.
 

7. Support research in food and nutrition 
and nutrition education and set reasonable 
priorities to solve important current pro
blems which will permit basic research that 
can be implemented. 

http:segme'.ts


THE 	PRODUCTION OF EXTRUDER PRODUCTS 


The 	Wenger X-25 Extruder 


History - Within the Protein Food Develop-

ment Project (1969-1971) and the Protein Food 

Promotion Project (1971-1974), carried out by 

DTEC on behalf of the Thai Government and by 

USAID on behalf of the U.S. Government, the 

Institute of Food Research and Product Develop-

ment (IFRPD), Kasetsart University, undertook 

research and development work to produce high-

protein, low-cost foods. The Division of 

Nutrition, Department of Health, undertook 

evaluation work and actual field trials and
 
distribution, and the USAID contributed a 

Wenger X-25 extruder in 1972 which was in-

stalled by Wenger's engineer and IFRPD's 

engineering staff. 


Background - In 1971, USAID provided four
months' training programs for IFRPD's staff. 

Three staff members were sent for training 

at the United States Department of Agriculture, 

Northern Marketing and Nutrition Research Divi-

sion, Peoria, Illinois, to take the "Soybean 

Products" training program. After the programs 

were finished, the sponsor provided an 

additional program to train at Wenger Manufac-

turing Co., Sabetha, Kansas. Though scheduling 

difficulties prevented this program from being 

as effective as it might have been, the train-

ees did learn the theory and main principles 

of cooker-extruders in general. (Regrettably, 

there was no specific focus on the Wenger X-25 

extruder.) 


After the training programs ended in 

January 1972, the staff was supposed to op-

erate the extruder; however,the machine was 

not 	completely installed, and USAID was re-

quested to send Wenger's engineer to complete
 
installation and start test-operating it. 

While Wenger's engineer, Mr. C. Kenzi, was 

at the institite, rice was run 2-3 times 

and 	during his visit it was learned that not 

all 	parts of the machine were functioning 

correctly. As a result, it was necessary for
 
the 	institute to repair some elements of the 

electrical system. 


Rice was the raw material used for the
 
experimental trials to determine the operat- 

ing 	parameters of the machine and its com-

ponents, i.e., screw, head, steam lock, 

feeding capacity, etc., and ingredient charac-

teristics such as moisture and temperature. 

The experimental trials failed many times, 

sometimes after only a 5-10-minute operation, 

because gelatinized rice samples plugged the 

outlet. With the malfunctioning of the 

machine, the electricity sometimes shut off. 

The basic problems as reported to the institute 

were: 
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a. 	The operator; were not qualified enough 
by knowledge and skill to operate
 
the extruder.
 

b. 	Lack of manual information about var
ious products not simply processed.
 
Even though Wenger's engineer had
 
written that this is not a simple pro
cess, nothing could be.read in the book
 
that specifically stated all the var
iables. Knowledge and know-how had to
 
"come from experiences and the indivi
dual company's internal research and
 
development programs."
 

c. 	Lack of trained personnel tn this area
 
and difficulty in training them in a
 
short time. It needed personnel who
 
had experience and basic engineering
 
knowledge.
 

In 1973-1975, the Australian Government
 
gave assistance to help the institute set up a
 
baby food project. Dr. R. A. Buchanan was the
 
project leader, the details of the project were
 
laid out and the required ancillary equipment
 
was contributed by the Australian Government,
 
i.e., mixer, grinding machine, etc. The pro
ject called for the use of the Wenger X-25
 
extruder to produce baby food consisting of a
 
combination of rice, soybean, sugar, salt,
 
sesame, vitamins and minerals. The baby food
 
experiments had been formulated based on the
 
nutritional requirements of infants. The
 
Wehger X-25 extruder had been operated suffi
ciently to find the most ouitable conditions,
 
even though at the beginning of 1974 the ex
periments did not quite succeed because the
 
products were not fully puffed. The formulas
 
for the experimental trials are shown in
 
Table I.
 

Due to the hard work of the staff opera
tors the completed baby food formula was
 
successfully processed on May 20, 1974. The
 
ingredients of the baby food-are-shownin
 
Table II.
 

The set-up of the Wenger X-25 extruder
 
for.producing the baby food formula is shown
 
in Table III.
 

Operation - All ingredients were complete
ly mixed and water was then added to the mix
ture in the extruder hopper. No steam was
 
used. After suitable conditions were obtained,
 
the extrudate was well-puffed. The machine
 
was capable of producing 54 kg in 21 minutes of
 
machine operation. With this success, addition
al techniques were tried on the machine and
 
in mixing operations, including elimination of
 
the mixing of ingredients with water. The ex
periments had develbped output capacity ranging
 
from 50 to 300 kg. At the present time, the
 
capacity of this extruder is around 250 kg per
 



hour, and the production at IFRPD amounts 

to about 1,500-1.600 kg per day. 

Table I. Baby Food Formulae for Experimental Trials On Wenger X-25 Extruder
 

1 2 3 4 5 6 7 8 9 10 11 12
 

Rice flour 650 650 685 685 635 735 500 460 446 480 685 720 

Dehulled sesame 120 120 130 130 135 135 135 - - - - -

Full-fat soy flour 70 70 75 75 70 70 140 155 145 145 105 125 

Sugar 100 100 150 150 150 50. 300 300 350 300 150 150 

Banana 50 100 - - - - - - - - -

Iodized salt 2 2 2 2 2 2 2 2 2 2 2 2 

Tricalcium phosphate 1.8 1.8 3 2.5 2.5 - - - - - - -

Ferroc ammonium 0.2 0.2 . . . . . . .. 
citrate 

Lactose 5 5 5 5 - 5 - - - - - -

Coconut oil , - - - - - 55 80 54 70 55 -
DL. Methionine - - -- - - , - - - 0.5 0.5 

Calcium hydroxide - - - '- -,. 2 ," 2" 2 2 2 

The formula with sesame has"the following composition:
 

Rice', 64% 

Soy 7.0%
 
Sesame L3.4%
 
sugar iL5.0Z
 
Salt',, 0.2% 
.aCO". 0.3%, 

Vitakin 0.1% 

Table II. Baby"Fod Fo uia- fromIFIPrD x-25 in: 

S,..a. The production of an infant food (to
 
Ri e flur. '70.85% avoid confusion with a more complex
 
Full-fati soy flour '12.5 infant formula, I shall refer to
 

Sua this as a weaning food).
Sugar 15.0Z
 

Mixed vitamins i0% b. High-protein product development.
 

CaCO, 0.4% c. The cooking of full-fat soy flour.
 

Salt 0.2% 
After Dr. Owen left, the staff operators

Metlionine 0.05% continued to learn by running the X-25 and
 
gradually acquired more experience with the
 
machine and extruded products.


While the experimental trials of the Wen
ger X-25 extruder were continuing, the institute The commercial sale of an extruded pro
requested the USAID Mission in Bangkok to duct, baby food, started at the beginning of
 
appoint Dr. D. F. Owen as an advisor from 1975. The Dumex Company ordered 160 tons of
 
July 15-26, 1974. Until that time only the baby food for delivery to Vietnam. In this
 
baby food formula had been produced by the same year, one of our staff, Mr. Pracha
 
Wenger X-25 extruder. The purpose of Dr. Boonyasirikool, who was in charge of the ex
Owen's consultation was to aid the Thai per- truder operators, obtained a scholarship to
 
sonnel involved in the operation of the Wenger train in "Soybean Processing for Food Uses"
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Table I1. The Wenger Extruder Set-Up for IFRPD'a Baby Food Formula
 

Screw #1 
 #2 #3 


Screw 28320-1 28326-1 28326-1 


Head 28366-1 28318-1 28318-1 


Steam lock 28364-1 28324 28364 


at the University of Illinois. Additional 

training was received at the Wenger Manufac
turing Company in Sahetha to gain more experi-

ence with extruders. By now, the institute 

had developed its own scheme (Figure 1) to

produce baby food for infant feeding in Thailand 

and elsewhere in Southeast Asia. 


Full-Fat Rica
Soy Flow Flor(12.5%) (70.5%) 

vitamin/Mineral
Premis 111.0%) sular (16%) 

Steam InJeoled,[ when Required :. 
..Produced 


SBesides 


W
lne 25 Exfruder 

4the 

Belt Conveyor 

Dryer siCooler [Project.Dproduced 


ction
Mill 

4to 


padlingib 


aResidence time: 20-40 sec. 

Final temperature: 90-1000C 

Five zones: 1 & 5 cooling; 2, 3, and 


4 heated steam
b5 00 giper plastic bag.
 

Figure 1. Scheme of IFRPD baby food produc
tion system.
 

The Promotion of Baby Food Production-


October 1973-September 30, 1974: 

Period of start-up and development; 

production was about 50-60 tons...,
 

October 1974-September 30, 1975: 

Produced for Hinistry of Public
 
Health 120 tons. 
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#4 #5
 

28326-1 28385-3 (S)
 

28318-1 28350-1 
 -

28386  -

January 1975-September 30, 1975:
 

Produced for Vietna. (Dumex
 
Company) 160 tons.
 

October l975-September 30, 1976:
 
Produced for Ministry of P:blic
 

Health and retail market 131 tons.
 
October 1976-September 30, 1977:
 

Produced for Ministry of Public
 
Health and retail market 146 tons.
 

October 1977-September 30, 1978: 
for Ministry of Public
 

Health and retail market 180 tons.
 

the baby food product, the insti
tute had developed a high-protein snack made
on the Wenger X-25. 
Both the baby food and
 

high-protein snack had been sent to Malay
sia and other countries under the Association
 
of Southeast Asian Nations' (ASEAN) Protein
 

Now the high-protein snack is being

for sale in the retail market in
 

Bangkok to test acceptability and feasibility.
 
The process of the high-protein snack is similar
 

that of the baby food product, the only dif
ference being the component configurations and
 
the use of steam to heat the outlet head. The
institute had developed the various formulas

of the best high-protein snacks which are shown
 
in Tables IV,V and VI.
 

Table IV. High-Protein Snack Formula at IFRPD
 

Wheat flour 20 kg
 
Rice flour 22.40 kg
 
Sugar 1.0 kg
Salt 900 gms
 
Mixed Vitamin & Minerals 500 gis
 

Chili Pepper 120 gms
Seasoning Agent 90 gis
 

Food color 15 gis
 



Table V. High-Protein Snack (For supply to c. Due tp the high cost of replkcemsut 
Malaysia) parts end other budget constraints, 

product development progress is too 
slow. Moreover, spare parts have to 

Wheat flour 36.11 2 be imported, sometimes causing produc

tion to stop.Rice flour 	 42.11 % 

Full-fat soy flour 13 % d. 	Due to the need for and limited avail

ability of changeable spare parts (i.e.,
Fish protein concentrate 2.5 % 
head, screw, die, steam lock, etc.) for
 

Salt 2.4 % each experimental product, new product
 

research is constrained.
2.4 	%
Sugar 


Mixed Vitamin & Mineral 1.0 % e. 	Another obstacle to product develop

ment is the Wenger X-25 extruder's
 .Chili pepper 	 0.25% 

capacity. This machine is designed for
 

Seasoning agent 0.20% a pilot plant operation, and each ex

0.03% 	 periment consumed a great deal of raw
 Food color 

materials. Often, moreover, the com
pleted experiments were considered use
less since they could not be implemen

*.. ted. And finally, a number of experi-
Table VI. High-Protein Snack (For market mental products have met with failure 

testing) -:.-. - : at the marketplace. As a result of 
___these factors such research has to 

stop.
 
Full-fat soy flour; 20-:'r2%:
 
Salt 1 % f. Because the special raw material re

quired--defatted soy flour--for mak-


Chili peppers 0.%- ing textured vegetable protein (TVP)
 
" 
Seas-uing agent .0.20%, in the form of a meat extender is 

aninagen 0.2. -still not available, the TVP product 
Mixed Vitamin &Mineral 1.0 , has not been developed at the insti-

Rice flour 79.67% 	 tute.
 

Food color 0.03%
 
.._. .. .. .. ........_.... .. .. _ BRADY-EXTRUDER
 

(This formulation has the best texture and' Background 
best taste after flavoring.)
 

The IFRPD had been working on a high
protein, low-cost project in cooperation with 

In order to make the high-protein snack the USAID from 1968 to 1977. When this pro

more attractive, the 3-kg bland taste snack ject was almost terminated, the Brady crop
 
was sprayed with 7-10% vegetable oil and 3% cooker was introduced as a low-cost extrusion
 
flavor such as seafood flavor, chicken flavor cooker by USAID and the U.S. Department of
 
and barbecue flavor. The flavor-cooked pro- Agriculture (USDA). AID and USDA were active
ducts were then dried in a continuous dryer ly supporting efforts to identify methods of
 

at 1000C for 15-20 minutes and finally packed producing nutritious foods at low cost in devel
in a plastic bag. oping countries, and the IFRPD was a logical
 

site to allocate one of the Brady testing 
Conclusion machines since the IFRPD had already developed 

the extrusion cooking of indigenous cereals and 
As far as the progress of research on the legumes with the Wenger X-25. 

extruder is concerned, the pace seems too slow 
for the following reasons: - A Memorandum of Understanding was signed 

by USDA and IFRPD which set forth the responsi

a. 	Not many people are engaged in-this bility of the IFRPD of Kasetsart University to
 
work; therefore, knowledge is some- assess the usefulness of this kind of extrusion
 

what limited, cooker for manufacturing foods in Thailand. If
 
the results of the testing program were posi

b. 	Lack of books or journals to provide tive the institute would have the option to 
guidance to those working in'this purchase this equipment and use it in Thailand 

- field. to 4anufacture food products. Under the agree
ment, the Brady cooker was installed at the 
IFPPn in thn h~a{nnina of 1978. 
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T 	 jtm Ogwration 

On May 22 - June 4, 1978, Mr. Joe Keller-

by, Colorado State University, provided Kaset
sart University with technical assistance on 

testing the Brady cooker, with emphasis on
 
start-up and training of personnel in proper 

operating and testing procedures, 


The objectives of his visit were: 


a. 	Determine product formulations for ex
 
trusion that were to be used by the 

IFRPD. 


b. 	Operate the Brady for a break-in 

period, 


c. 	Train institute personnel. 


d. 	Discuss plans for the intended use of 

the Brady. 


e. 	Conduct a demonstration program for 

interested groups. 


Kaset baby food was used as a basis to 

design various formulas to be extruded through
 
the Brady. As the Wenger X-25 had been used 

to manufacture the baby food, the IFRPD in-

stalled the Brady so that direct substitution 

of the present line could be made. However, 

some modifications were necessary to make the 

system compatible with the Brady: 


a. 	A hammer mill instead of the Alpine
 
was used to provide a larger granula-

tion into the Brady. 


b. 	Due to the browning effect, the pre-

blending of sugar with the raw materia. 


had to be omitted.
 

c. 	The formula had to be adjusted to 

accommodate the absence of sugar 

and the eventual blending that would 

be done on the finished product. 


The Brady was run on a rice-soybean mix-

ture to polish the extruder's internal sur-

faces, followed by tests using mixtures of: 


a. 	85% rice / 15% dehulled soy. 

b. 	72% rice / 13% dehulled soy / 15% 
sugar. 

Runs made with sugar as an ingredient 

were considered unsuccessful due to the 

browning that occurred and the inability to 

raise the temperature to a desirable proces-

sing condition, 

Inadequacies of the present system are: 
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1. 	Batch mixing of rawimaterials.
 

2. 	Use of gravity flow for raw materials.
 

3. 	Additional mills are needed for raw
 
materials and/or finished product.
 

4. 	Additional training for equipment
 
operators.
 

Besides the above-mentioned items, the
 
complete plant design needs some additional
 

equipment. A request for f,.nds for the com
pleted plant design has been w(Ie to both the 
government of Thailand and to foreign govern
ments in order to establish plants in various 
Regional Nutrition Centers in Thailand. At the 
moment, the project calls for 9 centers to pro
duce baby food to solve the malnutrition pro
blem in Thailand. 

Brady Crop Cooker and Product Development at
 
IFRPD
 

a. 	Protcin-enriched Cereal Foods
 

After completion of the testing program
 
with technical assistance from CSU, experi
ments were run on the Brady. It was decided
 
to purchase the machine by the end of 1978.
 
Local agricultural materials were utilized
 
suqh as rice, cassava, soy, sesame, etc., to
 
make the same products.
 

Since the IFRPD's baby food formula could
 
be produced from the Brady, other similar pro
ducts needed to be investigated. Mixtures of
 
ingredients processed and their proximate
 
analyses are shown in Tables VII and VIII.
 

The 	particle size of all raw materials for
 
these Brady operations had to be of fairly largc
 
granulation; otherwise, the finished products
 
were unevenly distributed. A little water add
ed to the mixtures while they were being pro
cessed produced perfect gelatinized cereal pro
ducts. The strong odor of fish meal was re
duced after processing the meal through the
 
Brady. The completed formulas are undergoing
 
consumer acceptance testing.
 

b. 	Stabilization of Rice Bran
 

Rice bran is a by-product from rice mill
ing. The bran constitutes about 8 percent by 
weight of the whole rice grains. The expecta
tion of rice production in 1979 will be about 
20 million tons, and the quantity of rice bran 
produced during rice milling will be 1.5 mil
lion tons per year--a significant amount. 

Rice bran contains about 15.8 percent of
 
fat and 13.3 percent of protein and vitaidns.
 



besides its h nutritional value for live-
 tion of rice bran by heating can nhibit thestock, it Is also a valuable raw material for hydrolytic activity of the enzyme to aomsproduction of edible oil. 
 extent. The heat can reduce moisture and the
 
enzyme is denatured.


Unfortunately, rice bran rapidly becomes
 
rancid as a result of the hydrolysis of the 
 The Brady has attempted by extrusion to
oil into glycerol and free fatty acids by hy-
 stablize rice bran at various temperatures.

drolytic enzyme in rice bran. 
The stabiliza-
 Free fatty acids (FFA) of processed rice bran
 

were determined under various storage times
 
as shown in Table IX.
 

Table VII. Formulation of Mixed Ingredients Passed Through the Brady
 

Samples Ingredients Formula (%) Texture 

1 Rice : Soy : Fish 
 75 20 : 5 well-cooked, crisp
 
2 Rice : Soy : Sesame 65 25 : 10 well-cooked, crisp,
 

dark in color
 
3 Rice : Peanut : Fish 75 
 15 : 10 well-cooked, crisp
 
4 Corn : Peanut : Fish 75 
 15 : 10 well-cooked, crisp
 
5 Cassava : Peanut : Fish 55 30 : 
15 well-cooked, sticky
 

Table VIII. 
Proximate Analyses of the Processed Mixed Ingredients
 

Samples!/ Moisture 
 Protein Fat Carbohydrate Energy
 

1 9.26 16.3 4.32 66.4 373 
2 8.55 15.3 11.35 61.4 344 

3 10.04 16.7 7.46 63.0 410 
4 11.39 18.4 10.09 57.0 379 
5 8.58 23.2 14.55 49.6 409 

1_/
 
Sample numbers are the same as in Table I. 

Table IX. Free Fatty Acids of Processed Rice Bran from the Brady at Various Storage Times
 

Time Processed Temperature
 

(days) Room temp. 170oF 200OF 
 230'F
 

Z FFA Z FFA 
 % FFA % FFA
 
3 6.69 6.25 
 5.58 4.29
 

15 13.23 6.64 
 5.62 4.65
 

22 15.03 
 6.66 5.65 4.67
 

29 16.98 6.32 
 5.43 4.43
 
35 18.25 6.35 
 5.69 4.36
 
42 18.46 6.32 
 5.63 4.31
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The :'results show that stabilization of rice 
bran by use of the Brady is possible and econom-
ical at a .temperature of about 2300 F. From the
experiment, it appears that the stabilization 
of rice bran by the Brady offers a good future 

potential for a rice bran oil factory. 

Conclusion 


Preliminary tests of the Brady crop cooker 

indicated that this machine can ,. used to 

manufacture extrusion-cooked fo'.:, including

full-fat soy flour and soy-cereal products.

Extrusion-cooked grain products appear to 


have potentlal as low-coat, nutritionally- . 
improved foods for use-in Thailand. 4 It ha.,
been proposed that infant and weaning food' 
plants be located in rural areas where the 
nutritional problems in this country are found. 
Other products under investigation utilizing. 
the Brady are high-protein, low-cost foods
 
to serve other age groups.
 

According to the institute's work, re
sults on the Brady indicate it can stabilize
 
rice bran and that its potential in rice '
 
milling needs to be studied as to the econom
ical utilization of rice bran for edible oil.
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Country Report-U.S.A. 

Ronald E. Tribelhorn, David A. Cmmings, Joe D, Kellerby
 
Department of Agricultural and Chemical Engineering
 

Colorado State University
 
Fort Collins, Colorado 80523
 

Country reports have been given by most 

countries who have been associated with the 

LEC. It is the objective of this report to 

discuss items that have been investigated in 

the United States by the LEC project at CSU
 
since the first workshop. 


RECOMMENDATIONS OF 1976 WORKSHOP 


Near the completion of the first LEC
 
workshop the participants divided into four 

working groups to discuss different aspects 

of the LEC project. The four groups were: 


1. Additional potential food appli
cations. 


2. Product evaluation--nutritionaland 

physical properties. 


3. Research to improve manufacturing 

operations.
 

4. 	Programming assistance., 


All four groups compiled specific. re-

commendations for the LEC workshop which are
 
listed below. 


1. 	Establishment of CSU as a clearing
 
house for information gathering and 

dissemination., 


2. 	Guidelines were to be established 

f3r the identificatiou of factors 

needed for project success and 

assessment. A systematic format 

was recommended for collection and 

dissemination of the information.
 

3. A general operations manual was re-

required for LEC systems. Such items 

as plant management, machine opera-

tions and quality control would be 

included in the manual. 


4. 	Items recommended for specific equip
ment improvement included: 
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a. 	Changing the ercrusion outlet box,
 
transition zone, screw wear, and
 
extruder control was recommended
 
for the Brady.
 

b. 	Dissemination of information on
 
cleaning and destoning equipment,
 
dehulling equipment, grinding
 
equipment, and proportioner and
 
reduction mills was suggested.
 

c. 	Spare parts lists for plants,
 
guidelines for rebuilding spares,
 
and painting of equipment wgre al
so discussed.
 

The 	above recommendations were used to estab
lish priorities for the project. Several
 
investigations have been undertaken in response
 
to these recommendations:
 

INFORMATION CATHERING
 

1. A more complete equipment file con
taning manufacturers' literature on
 
equipment that would be suitable in
 
LEC systems.
 

2. A general file of information from
 
countries or groups.
 

3. 	Publication of a newsletter twice a
 
year. The "LEC'Newsletter" is pub
lished in January and July. Prior
 
to each publication information is
 
requested from all people working
 
with LEC's. This information is com
piled and summarized in the newslet
tor.
 

4. Generation of a large amount of ma
terial pertaining to modifications,
 
guidelines, etc., for LEC users. CSt
 
has published a considerable amount
 
of information which discusses vari
ous aspects of the project. Reports
 
that are available include:
 

a. 	Quarterly reports of CSU activi
ties.
 



b. 	Trip reports, many containing designs,

plans, equipment lists, spare parts 

requirements, etc.
 

c. 	Special reports, which treat subjects 

such as spare part repairs or rebuid
ing, evaluations of selected equip-

ment, and other specific topics. 


PROJECT 	ASSESSMENT
 

There is a real need for operating infor-

mation from plants to gain insights on what 

might be expected from a LEC plant. 
 Informa-

tion pertaining to costs, maintenance, produc
tion, and product characteristics is required

to determine if they are meeting project objec
tives. 


Thuc CSU and USDA have proposed a protocol

for evaluating existing LEC plants and/or

obtaining LEC system information. It is dis-

cussed in detail in another section of the 

proceedings.
 

GENERAL 	OPERATIONS MANUAL
 

A general operations manual was recommended by the participants of the first workshop 

to provide an aid to the individual plant.

A manual has been prepared on plant operations. 

All phases of a plant's operation are dis-

cussed. The manual is divided into two parts:
 

1. 	Part I--Management and Operations.
 

2. 	Part II--Equipment Operation. 


Included in Part I are sections on: 


., Management operations--job responsibilities, accounting functions. 

reports. 


2.. 	 Pre-start-up installation and organi-. 

zational procedures, 


3. 	Training manual--used for training 

plant managers-and operators.
 

4-,Plant operations--overall,;viewof 

the plant. 


5. 	Proposed quality control procedures.
 

Part II addresses the specific pieces of
equipment within a LEC plant, their function,

and 	operation. This section of the manual 

discusses the following: 


1. 	Conveying equipment.
 

2. 	Storage equipment. 


3. 	Pre-processing equipment--dehulling. 


236
 

4. 	Processing equipment--proportioner
 
mill, LEC, .0c.
 

5. 	Post-procesaing equipment--cooler,
 
blender.
 

6. 	Miscellaneous--lubrication specifica
tions, bolts, V-belts, chains, fumiga
tion, pest control.
 

The 	manual was designed to be a general

document for LEC plants. 
However, the manual
 
can be made plant-specific by the addition of
 
manufacturers' manuals.
 

MODIFICATIONS
 

Modicications to the low-cost extrusion
 
cooker were discussed during the panel discussion. Work has been consistently pursued on
 
modifying the LEC's and the systems to improve

them. Changes which have been made to the LEC
 
systems include:
 

1. 	Upgrading conveying equipment.
 

2. 	Addition of blending equipment.
 

3. 	Addition of an impact dehulling system
 
:,
 

4. 	Addition Pf cleaning and destoning
 
equipment.
 

Changes 	io the Brady extruder have been:
 

1. 	Elimination of the hydraulic system-
replaced with vibratory feeder.
 

2. 	Use of electric motors instead of
 
diesel-drive motors.
 

3. 	Modification of the bearing weldment
 
to permit more complete lubrication.
 

4. 	Initiation of rotor and cone repair
 
procedures.
 

RELATED 	ACTIVITIES TO LEC SSTEMS AND PRODUCTS
 

Other activities related to 
LEC's, systems,
etc., have been conducted at CSU. These items
 
did not fit into any specific category but
 
should be mentioned.
 

Brady Screw Configuration
 

A study- was undertaken to determine the
 
effects that beater bars 
(screw channel restric
tions) 
have on the operational characteristics
 
of the Brady extruder. The study investigated
 

Sahagun, Jaimd i 1977. Paqtmeters Affecting
 
the Performance of a Low-c't Extrusion 
boker.
M.S. Thesis. Dept. of Agri'ltural and Chem
ical Engineering, Colorado State Univ., 
Fort

Collins. p. 165.
 



the location and number of beater bars on the 


rotor. Five different configurations were 


examined, 


Temperature profiles were measured along
 

the length of the barrel as ameans of determiln-


ing the effects of beater bar configuration 


changes. Temperature profile, specific ener-


gies and other considerati-us were discussed in
 

more detail in the 1978 Annual Report.2/ Re-


sults indicated that the number of beater bars 


along the rotor length was oot as critical as 


Temperature distributior
their replacement. 

along the barrel could be controlled if beater
 

bars were accurately placed on the rotor. 


DehullinR Study 


A survey of manufacturers was conducted 


on the best method to dehull soybeans and 


grain.' Responses obtained usually suggested 


very large systems that were complicated to 


operate and too expensive. When 	seeking fur-


ther information, a system called a scourer-


aspirator was found commercially 	available and 


was 	considered as an inexpensive, versatile
 

alternative. 


The scourer-aspirator was discussed in 


detail in the 1978 Annual Report. 2/Tests 


with the scourer-aspirator system indicated 


that the fiber' levels of soybeans and grains
 

can 	be reduced sufficiently to meet or exceed 


PL 480 specifications.
 

Mechanical Evaluation 


Colorado State University conducted a 


mechanical evaluation of the Brady crop 


cooker to determine its durability and re-


liability. The components of the Brady were 


also investigated to determine what major or 


minor modifications would be required to make 


the 	unit more durable.
 

Conclusions drawn from the evaluation are 


To make the machine more durable,
given below. 

the 	following items would have to be done: 


1.. 	'Ametallurgical treatment of the 


wearable surfaces would be made to 

' 

Sincrease their hardness and wear 

resistance. 


2. 	Eliminate or change the hydraulic 


.Alternate
system components. 


D.A. Cummings, J.D. Kellerby,
Aarper, J.M., 

R.E. Tribelhorn, G.R. Jansen, and J.A. Maga. 


1978. Evaluation of Low-cost Extrusion Cook-


ers for Use in LDC's. LEC Report 4. 


Depts. of Agricultural and.Chemical Engineer-


ing and Food Science and Nutrition, Colorado 

'P.201.
State University, Fort Collins. 


Provide a design that would incorporate
3. 

the use of an automatic lubrication
 

system for the rotor bearings and uni

versal joint.
 

4. 	Interchange drive train components to
 

reduce the high torques transmitted by
 

the 	universal joint.
 

Some of the above modifications have been
 

implemented. In most instances, the change has
 

improved the Brady's operation. Long-term data
 

are not yet available.
 

Manufacturers' Survey
 

A survey of United States manufacturers
 

and equipment users was conducted to obtain
 

specific information on the durability of pro-


Each manufacturer or user
cessingequipment. 

was asked to comment on equipment with respect
 

to: 
 1) normal life expectancy, 2) time be

tween major overhauls, 3) cost of major over

haul (% of capital costs), and 4) annual main

tenance cost (% of capital costs).
 

Responses were compiled and averaged to
 

have data available for comparison with LEC
 

systems. 2/Results indicated that except for
 

the 	screw conveyors and extruder, LEC data com

pare favorably with the averaged 	survey data.
 

Brady Cutter
 

A special adjustable cutter was designed
 

for use on the Brady to make shaped snack foods.
 

The cutter consisted of a special spindle which
 
Bearings were placwas 	attached to the rotor. 


ed between the spindle shaft and 	the housing
 

that enclosed the spindle. The housing had
 

cutters attached on the end closer to the die,
 

and 	the other end was connected to a variable

speed reversible motor.
 

Tests were run on CSB at high temperatures
 

to determine the most difficult chip to cut.
 

Cuts made by the new cutter were screened to
 

learn the size ranges which existed. Results
 
size did not change
that the particle
indicated 


random appearance of
significantly, and the 


the chips presented with the less 
sophisticated
 

system using knives attached to 
the rotor still
 

existed.
 

Roaster Tests
 

processes have been examined as
 

a means of producing nutritious foods. One
 

such process that meets specifications for low-

Several roasters
cost processing is roasting. 


aome use
 are 	available in the United States; 


direct heat-bean co6act, while others use a
 

heat transfer media to heat-treat materials
 

(particle-to-particle).
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CSU Investigated the latter-type roaster, 
Lu which sand or salt was heated, and the raw 
whole trains were placed in the bed and allowed 
toilx in a chanber. The heat was transferred 
to the raw grain, which was followed by a 
screen separation of the particles. Roasted 

grain exited from the chamber while the sand 
or salt was recirculated-. A diagram of this 
type of roaster is shown in Figure 1. 

One of the major reasons for interest in
 
the roaster is that it is an alternate manufac-

turing system for full-fat soy flour (FFSF).

FFSF has been manufactured using LEC's; how-

ever,the oil coats the surface of the extruder
 
product, making it cohesive and very difficult 

to.grind. Specifications for manufacturing

FFSF indicate that 99% of the final material 

must pass a 100-mesh sieve. The only prac
tical way to grind extruder soybeans to 100 

mesh is to use a pin mill. Pin mills are very

expensive, and as yet little information is 

available to document their performance. 


After processing, roasted soybeans do 

not have free surface oils since the bean is
 
not sheared during processing. Thus the 

method of grinding can be changed tc a less 

expensive and simpler grinder. Tests on 

roasted soybeans have indicated that a normal 

hammer mill can grind the roaster bean to 80 

mesh with normal energy inputs. Data on
 
trials indicated that the hammer mill could 

nearly meet the specification for grinding

100 mesh, although more power and/or a wider-

chambered mill would be required.
 

A summary of operational, nutritional,

and functional data is given in the 1978 Annual 

Report. 2/ A comparison of extrusion vs. 

roaster products is shown in Table I. In all 

instances, data inditate that the roaster is," 

a viable alternative for manufacturing FFSF. 


TECHNICAL ASSISTANCE
 

Colorado State University has provided 

technical assistance to countries at various 

levels. Generally, two levels of input have 

been provided: 


1. 	Assistance to test sites., 

1. 

2. Assistance to plant demonstration 


sites.
 

Assistance to test sites has been associ-

ated with training groups to operate a LEC 

properly. Additional assistance is usually

available for helping to prepare or outline 

test programs with the LEC. The desired re-

sult from this program is to realize a com-

plete plant for producing nutritious foods, 
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Assistance to plant demonstration aites
 
has been in greater depth and of greater scope.

Assistance that is available to plant demon-
stration sites includes!
 

1. 	Project planning-.-feasibility studies
 

2. 	Plant design
 

3. 	Equipment specifications
 

4. 	Equipment selection
 

5. 	Equipment purchasing
 

6. 	Installation assistance
 

7. 	Shakedown and start-up assistance
 

8. 	Training
 

9. 	Plant operation and logistical assis
tance
 

10. Follow-up backstopping assistance.
 

From time to time Colorado State Univer
sity and USDA, with funds from AID/W, have pro
vided special assistance in the areas of:


i
 

1. 	Production formulation
 

2. 	Marketing
 

3. 	Plant evaluation
 

4. 	Plant contractual assistance.
 

All 	of these areas have been a part of
 
the total LEC program to date. In most instan
ces, the demonstration plants have received
 
the above assistance as part of the mutually
agreed-to Memorandum of Understanding between
 
USDA and the host country counterpart.
 

One area of assistance which hau changed

since the project was initiated has been the
 
training session. Training for demonstration
 
programs now is more comprehensive and requires

one-to-two-weeks of training for satisfactory
 
results. Classroom, as well as in-plant train
ing is given. In the future, manuals specifi
cally designed for a plant will be provided as
 
part of this training.
 

Currently, CSU is providing technical
 
assistance to three demonstration countries:
 
Sri Lanka, Tanzania and Costa Rica. It is
 
our intention to continue to provide assis
tance to each of these plants until our cur
rent commitments are completed. The criteria
 
for determining if our commitments are
 
completed are as follows:
 

1. 	The demonstration plant is opera
tional.
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Figure 1. Diagram of roaster using Band as a 
# 
heat 4transfer medium. 

2. 	 The plant has demonstrated it can been fulfilled. 
function by itself at at least 70%
 
efficiency. Completion of the above items viii end
CSU's direct involvement. Further types of 

3. 	 At least one year of data documenting involvement through a technology transfer 
plant operations has been obtained, center located at CSU is envisio d as an 

appropriate alternative to the existing 
4.* The Memorandum of Understanding has programs. 

Table l, Comparison of Extruded and Toasted Full-Fat Soybean Products 

Test Parameter 	 Brady Insta-Po Roaster 

1. 	 Average throughput' (kg/hr) 456 245 865 
2. 	 Range of cooking ( C) .143-153 143-153 120-130 

3. 	Power (kW) 36.94 15.93 113.96
 

4. 	Specific energy (kWh/ kg) 0.081 . 0. 131%065 
5. 	Range of Trypsn inhibitor destroyed 55-80 55-80 75-90 

6. 	 Urease activity 0.23 u0.09 T 

7. 	 Final mo tsture, Z 3.00 5.5 6.2 

8. Watere absorption. 	 369 252 234 

9. 	NSI 37.30 13.05 21.93
 

10. PER 	 2.15 2.25 2.25
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Discussion - Wednesday Morning 

Moderator:
 

Dr. Ignacio S. Pablo
 
Philippine Institute of Nutrition, Food Science and Technology
 

The Philippine Women's University
 
Manila, Philippines
 

Mr. Lukoo: 


I would like to ask whether the low-income 

group using Thriposha does so with thc ftull 

knowledge that this food is nourishing and so
 
on,or do they use it just because it is subsi-

dized? The second question, which I guess we
 
discussed this morning from a marketing aspect, 

is what will happen if the subsidy is removed? 

Will the people go on using Thriposha? 


Dr. Nichols: 


Distribution of Thriposha so far has all 

been either on a subsidized basis or free. The
 
product has not yet been sold in a test market 

situation, so any responses we've got are from
 
people who have been made aware of it as a 

result of a free distribution program through 

the MCH centers. They were receiving it because 

they were identified as being medically-identi-

fied recipients having some nutritional need. 

As to the second question, that is exactly what 

we hope the market test will tell us. Yes, we 

have reason to believe that there will be a 

sufficient number of the people, at least those 

with some income, willing to purchase the pro-

duct. But we are not proposing this as a sub-

stitute for the existing program--it's going to 

be in addition to the existing program, so that 

those who have been receiving it or who continue 

to qualify because of having children in the 

right age group, or because they are pregnant or 

lactating women, will continue to receive it
 
through the free distribution program. The 

commercial program is designed to reach into
 
households which are not now eligible because 

they do not have children who meet the 

medically-identified criteria. It also will
 
make it a lot more available in the community on 

a day-to-day basis so that those households can
 
buy additionc. quantities if they want to because 

it will be in the retail stores. The MCH center 

distribution system reaches into the house-

hold maybe only once every two weeks at best, 

and sometimes, if the housewife does not show 

up or she does not bring her children, she may 

miss a month or two. But everybody goes to the
 
local community store one or twice a week for 

something, and if you've got it there, we're
 
hoping they will buy some additional quantities. 

We're expecting to get some response to the 

question from the market test phase that we're
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getting ready to enter as to not only how much
 
of this we will sell and who will buy it, but
 
who will get it in significant quantities in
 
these moderately low-income homes.
 

Mr. Nyakunga:
 

In Sri Lanka they are stacking the bags in
 
piles and from what was shown on the slides,
 
it appears that they are stacking them very
 
high. Isn't this dangerous? I am also
 
interested in knowing what type of packing
 
system they in Thailand feel best suits the
 
basic low-cost system of production?
 

Mr. Goodyear:
 

To answer your question about storage and
 
whether there is any damage, the availability
 
of storage space is limited at our Thriposha

packing location. The distribution channel
 
goes from the packing center to another ware
house; at that time a 4% test-check is done on
 
each of the master bags. They're looked at to
 
see if there is any external damage and also
 
opened to see if the packets are in good con
dition and then resealed. Certainly, packing
 
12-high is a factor of availability of space.
 
We do have a final check before the eventual
 
distribution is done--largely by rail--where
 
the stacking is sometimes higher than 10-high
 
and less than ideal. But this is one of the
 
factors that we have to live with.
 

Dr.-Pablo:
 

Professor Amara, did you get the question
 
on packaging.material?
 

Prof. Amara:
 

The polyethlene and Kraft paper is all
 
right for local transportation. The problem
 
in Thailand is that we export to our neigh
boring country, and the amount of handling at
 
the harbor makes it necessary to use a poly
propylene for that.
 

Mr. Nyakunga:
 

Don't you think you should ship it in
 
metal containers?
 



Prof. Amara: 


The containers are loaded at 
the harbor 

because they do not go to the factory. The 

system is different. 


Dr. Pablo: 


In the Philippines they go directly to the 

factory and are loaded there.
 

Prof. Amara:
 

That doubles your transportation costs, 

and with the oil crisis as it is, we have to 

containerize at the harbor, 


Mr. Nyakunga: 


Is there a certain temperature at which 

the food should be packed? 


Ing. Clark: 


You should be able to pack that product at 

100OF with no problem. 


Mr. Nyakunga: 


The reason I raised the question is that 

I wondered whether, if the temperature'is too 

high, as the product cools to normal, it may
generate some moisture under the bag which 

could get into the food. 


Ing. Clark: 


Noit won't do that. 


Mr. Lukoo: 


I would:like to ask how our relatively'

highmaintenance costs can:be explained? 


Dr. Harper: 


There has been some concern--rightfully 

so--at the conference concerning the mainte-

nance cost figures that were reported here in 

Tanzania. 
We, too, have been concerned about 

that, and we recognize that apparently the 

maintenance is higher here than we have experi-

enced elsewhere. We had an extensive meeting

with the people at NMC last night with the idea 

of looking specifically into the causes of 

those and developing a plan to reduce them. 

There was, I think, substantial progress made 

along these lines. We are also reviewing the 

figures that were presented and are having 

some difficulty reconciling the numbers with 

some other calculations and experiences we 

have. Right now there are people at NMC going

over the numbers again to make sure we are all
 
talking about the same thing. 
I think it is
 
a problem of definition, and hopefully we will
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have some additional things to report tomorrow.
 
The point is, though, that it does appear that

Tanzania has higher maintenance costs then
 
some other plants have had, and we are explor
ing possible causes and solutions. We think
 
the numbers that will eventually occur here-once the equipment is shaken down and the
 
processing procedure is worked out--will be
the maintenance costs we have projected.
 

Mr. Mosha:
 

Looking through the country reports
quickly, one gets the impression that most of
 
the equipment being used is either a loan or a
 
gift from some organization like USDA or from
 
manufacturers. Shall we continue to get these

loans and donations? Surely, someday someone
 
is going to say no, this is the end of it,
and the money to continue is going to have to
 
come from somewhere else. 
It is high time we
 
think of what we are going to do when that

happens.
 

An awareness of this technology has been
 
created among technologists but I don't think
 
my government is all that much aware, and

they are 
the ones who will have the decision
 
to buy the equipment. So we still have a job

to do, even though we as technicians have been
 
convinced.
 

Another thing that comes to mind is the
 
fact that most of the products we are turning
 
out are products that are going to welfare
 
programs, and that depends on the type of
 
government one has. 
 If you're used to dealing

with a government that espouses welfare pro
grams, you're in business; if that government
changes and is replaced by some other group
 
that has different thoughts, you're just out

of business straight away. 
So you need to be
 
cautious and to prepare alternatives.
 

A few countrios have tried to go into
 
snack and other pudurts, and to break into
 
the commercial market with them. 
The products

have to compete directly with other, well
established products already on the market,

and despite some encouraging results in Sri
 
Lanka, those of you who are 
familiar with
 
most efforts to market high-protein foods
 
know that it has proved to be an extremely

difficult task. We should try to learn from
 
history while still in our youth that these
 
kinds of products have had a fairly cad story,

and what the LEC system is trying to do, of
 
course, is to turn the picture around by

lowering the cost--though I still haven't
 
been completely convinced that it is really
 
low-cost enough.
 



Prof. Amara: 


Mr. Mosha's concern about continuing avail-


ability of equipment is an aspect of technology 


transfer that concerns us all. This subject is 


being discussed by many developing countries, 


and the capability to make our own equipment 


in our own country is being seen as the best 


way to avoid that problem in the future. 


As for his second point, that of changing 


of the government, that is why we have the 


National Planning Commission to set up a 


national policy for combatting malnutrition, 


The program should be a part of the national
 

policy promulgated by the government for long-

It should
term development of human resources. 


be a complete program involving and acceptable 


to all sectors so that whatever the government 


change, it will have to be carried on. Of 


course, continuity can't be guaranteed in cases 


where dictatorships come into being and change 


everything, nor where other disruptive 


political factors are involved, 


As for competition, we are not going to
 
compete with the products already on the market
 

because we are aiming for the poor people who
 

can't afford the imported foods. In developing
 

countries you will see quite a few snacks
 

available in the market, most of them of little
 

nutritional benefit, and the government has to
 

bring to bear some influence on it from a
 

consumer protection point of view. That will
 

also come into the national policy, but the
 

government usually will not do very much on
 

this one. We who know the facts must teach
 

the people, advise them and tell them what is
 

good and what is not good, as we are doing.
 

Finally, Mr. Mosha questioned whether it
 

is really a low-cost system. In our opinion,
 

it is--certainly the soybeans are a relatively
 

cheap source of protein--particularly if the
 

government is committed to helping the poor
 

and does not leave this area totally to the
 
If
businessman whose motive is only profit. 


the government monitors the profit margin,
 

the cost will be low compared to the income of
 

the people.
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Management Considerations In LEC Enterprises 

Alden A. Ackels
 
Consultant
 

Santa Rosa, California
 

My native country, the United States of 

America, has a reputation for efficiency 

brought about by its management competence in 

its manufacturing business. It has earned that 

reputation by reason of the competitive nature 

of our business climate, Only the successful 

survive, It is a poorly-kept secret that of
 
all the new businesses started in the United 

States, about 1/3 are discontinued within the 

first year; 1/2 by the end of the second year; 

and 2/3 by the end of the fifth year. After 

the fifth year the failure rate drops rapidly. 

The reputation for success, therefore, is not 

based on the results of all of the businesses
 
started, but instead is based on only the 

surviving 1/3. I must hasten to add that the 

right to fail in business in the United States 

is as precious as the right to succeed. It is 

a desirable weeding-out process wherein the 

people decide with their purchases who are 

providing the products and services for which 

they are willing to pay. 


Dunn and Bradstreet, a large business 

credit reporting service which follows such 

matters closely, states that poor management-- 

lack of management competence--accounts for
 
90% of the failures. If so, and it is probably 

true, purely technical competence deficiencies
 
have to rate very low in the causes of business 

failures along with a myriad of other causes 

contained in the remaining 10%. 


I have related these statictics because 

I believe that we actually are here discussing 

a small business enterprise that happens to 

be low-cost extrusion cooking of foostuffs. 

We are discussing the technology at length 

because the technology must be sound before 

an enterprise can succeed. A successful small 

enterprise is needed, whether it be in the
 
public or private sector, in order to attain 

our goal of production and distribution of 

low-cost nutritious footstuffs from indige-

nous materials. 


Good managementmay be simplistically 

defined as: 


A. 	 Knowing what needs to be done; and 

B. 	 Getting it done properly in aimely 
manner,. 

It should perhaps be added that the MAN
 
in management did not come to be there solely
 
by accident. Good management uaually attains
 
a large part of its result by working with and
 
through other people--superiors, peers, and
 
those lower on the ladder.
 

Because the risk of failure, or at least
 
poor performance, is far greater from lack of
 
management competence than it is from lack of
 
pure technical competence, I shall now discuss
 
the apparent requirements for management of
 
a LEC enterprise.
 

All LEC installations with which I am
 
familiar, actually installed or proposed,
 
qualify as small business enterprises by any
 
rational definition of the term. All that
 
follows is intended to primarily define the
 
management of such a small enterprise. Because
 
the organizational structures will varybetween
 
plants, I shall discuss the matters on a
 
functional basis. Someone needs to take care
 
of the matters, but it need not be done by
 
exactly the same organization people for every
 
installation.
 

Operations Planning
 

Finished product requirements should be
 
calculated, by product, as far into the future
 
as firm requirements can be determined. A
 
schedule should be prepared which will inform
 
all concerned with the operating plan. That
 
plan should take into account inventories of
 
finished product and the replacement of
 
inventories, if a stock is required. The firm
 
operating plan should be based on firm orders
 
for delivery, and the plant copy may be accom
panied by the actual dated shipping directions.
 

From the operating plan, raw material and
 
package material requirements should be
 
calculated, taking existing inventories into
 
account. Orders and deliveries of these ma
terials must be timed to assure continuity
 
of plant operation in keeping with the plan.
 
In other words, the lead time for deliveries
 
has to be taken into account. Where lead
 
times are long--for example, imports from 
overseas or a domestic crop that will dis
appear from the market--an inventory may be
 
required and maintained based upon budgeted
 
needs. A schedule of expected material
 
deliveries should be provided to the plant.
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anufacturin " 
 total rate of feed may be all right, but the
 
proportions erroneous--which may increase
There are two major areas of required 
 costs, destroy the product's nutritional balcontrol in manufacturing, and they are 
 ance, or both. Check and monitor the feeders
inter-related: 
 regularly during each shift for proportioning
 
integrity. At least monthly, prepare a
A. Process control has three major materials' variance report which will show
elements: 
 actual usage of materials versus standard, and
 
the result in money terms.
1. Recovery from raw materials 

yield of finished products from 
 Quality control will be discussed in more
 raw materials, 
 detail under the heading; however, it is
 
obvious that proper quality originates and is
2. Maintenance of production rates, maintained by proper process control if the
 
correct ingreiients are fed into the system.
3. Maintenance of finished product Assuredly, the most effective quality control


quality, 
 will result from attention to processing detail
 
at each step from raw material feed-in to the
B. Expense control has two major 
 finished product packer. The management simply


elements: 
 cannot be satisfied with shift supervisors
 
and machine tenders who merely provide
1. Labor - having the'right number assurance that the machinery is running and


of people available to do the product is passing through it.
 
work; 	no more, no less.
 

It is not unusual to find that employed
2. Materials and services - control 
 labor is provided to meet any emergency.

of the use of operating supplies, Good practice provides only the labor required
minimizing maintenance needs by 
 to do the job properly under normal conditions.

attentive operators, conserva- Emergency needs are provided by overtime work,
tion in the use of electric power or if necessary, the employment of temporary
and fuel. 
 people. Emergencies are few and far-between
 

in a well-managed plant. The frequency and
The largest cost element by far in most 
 severity of emergencies are, in fact, a good
LEG finished products will be raw materials; index of the efficiency of management.

therefore, control of yields is perhaps the
 
most important task of the manufacturing 
 The prime control on usage of operating
people. 
Losses will occur in cleaning grain, supplies, mainterance materials, power and
decorticating grain, moisture losses in 
 fuel must be exercised by shift supervision
cooking, and there usually will be a small 
 and the operating labor. Management will
unexplained loss that should not e.ceed about 
 judge the efficiendy of that control by its
1%. Shift operators should routinely monitor 
 own supervisory observations and its evaluation
their equipment to insure that it is adjusted 
 of the expense reports discussed later in 	this
properly. 
 paper.
 

They should also routinely examine the Maintenance
 
separates from the cleaning and dehulling

machinery to insure that materials suitable 
 While maintenance of a plant is actually
for product manufacture are not passing into 
 a part of the production function, it is of,
the offal. Each shift of operation, the such importance inmost developing countries
 
percentage yields of finished product from 
 that it is emphasized here.
 
raw materials should be calculated. Low 11
 
percentage results should demand immediate 
 Good maintenance begins with well-trained
correction. 
 production supervisors and machine operators.
 

They operate the equipment properly as it is
Maintenance of the material feed rates 
 designed to be operated. They observe and
at machine capacities is obviously essential 
 correct minor abnormalities before they become
to low-cost production. 
Machine operators serious, such as 	tightening screws and bolts.
tending the ingredient-feeding devices should 
 They use the simple tools required for such
routinely check them for proper functioning, minor maintenance properly, so that damage is
and there should b'. an hourly check on the 
 not incurred by the very act of correcting a
packer tally at the end of the system. 
It is defect. They service the equipment--lubricate

important from both the financial and nutri-
 and adjust it properly. They shut equipment
tional viewpoints to insure that the proper 
 down promptly when abnormalities develop that
proportions of materials are being fed to 	the 
 either must be corrected before production
system. Soybeans cost more than cereals. The 	 can continue or when continued operation will
 

escalate damage.
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Parts inventory maintenance is critical 

inmost developing countries by reason of the 

lead time required for resupply. 


Usually the best way to solve this prob-

lem is to: 


A. Have a neat, clean storage area with 

a place for all required parts and 

all of such parts in that place, 


B. Maintain a book inventory of parts, 

kept currently posted, which 

reflects usage; reorder point, 

taking lead time into account; 

orders for resupply; follow-up 

recits Inrths ok..ssem
alent 

reaepair e rth ak
s ssem-

blies of parts the same as you treat 


a part. Take a physical inventory 

at least once per month and reconcile
the books to that count. 


C. Lispose of non-repairable damaged

parts when removed from equipment.
Immediately repair parts suitable 

for repair and return them to 


inventory. 


Maintenance people must be well-trained 

in the requirements of the specific machines 

involved. Auto and farm machinery mechanics, 

available almost everywhere, are the most 

likely pool of candidates for selection for 

specialized training for LEC equipment. 


Proper tools in good condition and stored 

in a clean, neat manner are requisites. 

People doing maintenance work must use proper 

tools; otherwise, they needlessely damage 

machine elements. People should not do 

maintenance work requiring skill levels 

beyond their training and sensitivity to the 

needs of the equipment. Additional damage
~ bedn-yteueowill~~~~ mrprrpi,will be done by the use of Improper repair 

techniques. 


Quality Control 


As stated before, "real time" quality 

control is exercised by production operators, 

if their raw materials are suitable for the 

end results expected. Nevertheless, their 

success in accomplishing production of stan-

dard products must be monitored, 


Most LEC's will be used to produce 

palatable, nutritious foods. There must be 

enough monitoring of quality to insure that 

the products do in fact routinely attain the 

standards for palatability and nutrition set

by management for them. 


The set standards should have a rational
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reason for being, and those reasons should be
 
well-known to those who are making the product.
 
They should be actionable standards--a proper
 
reason for rejecting the product from distribu
tion if the product does not meet the range
 
parameters established. If at all possible,
 
the factors should be capable of rapid, objec
tive, accurate measurement. No one has as yet
 
devised an objective, practical method of
 
measuring the nuances of taste, odor, and
 
appearance.


The test methods devised by CSU for "in
plant" testing of cooked cereal-soy mixtures
 
and the raw materials are for the most part
 
objective, rapid, and suitable. They can be
 
performed by trained people with the equiva

of a high school education who can read,

write, and perform simple arithmetic. College

graduate-level food technologists or chemists
 
should not be a requirement.
 

Organoleptic testing, to use a fancyterm,
O g n l p i e t n , t s a c e m
is of great value in maintenance of food
 
quality when performed by a well-trainedperson

in whom you have confidence. Finished foods
that look, taste, and smell like they are
 
supposed to are seldom far out of tolerance.
 

Simple physical testing for foreign
 

matter, moisture, granulation, gelatinization,
 
and perhaps density; plus taste, odor, and
 
appearance evaluations on raw materials and
 
finished products should prove to be quite
 
adequate to assure product quality when ac
complished on a frequent schedule by well
trained, reliable people.
 

PezIodically, perhapL once per month, a
 
standard sample from production should be
 
submitted to a dependable outside laboratory
 
for testing to insure that the product con
tinues to possess the nutritive values esti
ate fo iv a
 

mated for it.
 

Such testing may include some or all of
tefloig rtiah ieft
 
the following: protein, ash, fiber, fat,

calorie content, micro-organism plate counts,
 
and micro-nutrient (vitamin and mineral) con

tent. Such testing will usually only tend to
 
provide a continuing record of the suitability
 
of the product for the end use and values
 
expected for it. It will usually be too in
frequent and too slow in reported results to
 
provide useful information for daily quality
 
control. Certainly, out-of-standard results
 
from such testing should provide cause for
 
immediate review of formulae, raw material
 
quality, and operating procedures to find and
 
correct the deficiency. Retesting to verify
 
the reported result should probably be the
first order of business, because errors in
 
s derinatins ec ae.
 

such determinations are commonplace.
 



Colorado State University has prepared 

a quality control manual coveving some LEC 
products. Whether or not that manual provides 
the exact detail needed for a product one 
wishes to manufacture, the format and general
outline for quality control are excellent and 
could serve any management as a guide in 
developing its own quality control program. 


Accountina 


A standard simple system of financial 

accounting for small manufacturing businesses 

is needed for a LEC enterprise. Suitable 

systems can be purchased in book form, with 

replacement sheets available, all at nominal
 
cost. A good bookkeeper can easily keep 

such books of account with nominal training.
 

Irrespective of the exact form of 

financial accounting system employed, it 

should as a minimum provide for: 


A. 	Inventory accounting by item, and 

its value. 


B. 	Sales and accounts receivable.
 

C. 	Accounts payable. 


D. 	An expense chart of accounts with 

enough detail to permit analysis. 


E. A monthly and annual operating 

statement closing so that management 

can closely follow the financial 

progress cf the business. 


F. 	An annual standard balance sheet 

which fully describes the current 

financial status of the business, 

There is some benefit to be gained 

by more frequent preparation of the 

balance sheet; however, annual 

preparation is minimal, 


G. A proper balance sheet will, of 

course, require accounting for 

capital investments and depreciation. 


A bit of specialized internal accounting

is needed for a grain manufacturing business: 


A., 	Costs per unit of product need to be 

/ calculated--both historically and 


for estimating future operations--

for budgets and sales cost purposes. 


B. The basic documents required to 

calculate costs per unit of product 

are product and by-products' yields,

with enough time history to reasona-

bly assure validity. The cost of raw 

materials delivered; the value of by-

products; and expense per unit--with 


these data, costs loaded ot( Oerd_ a 
delivery vehicle can be roeAly ie'u
lated. 

While total costs and expenses by accoulit 
will provide the required operating statements
 
and 	balance sheets, modern management generally 
exerts its internal control by ratio analysis;
 
i.e., percentage yields, percentage return on

investment, costs per unit, expense per unit,
 
percentage profit on sales, percentage goins
 
or losses, etc. Ratio analysis of operations

will prove to be useful to the manager of the
 
small enterprise. It will improve his control,
 
if he uses it.
 

Management
 

Next we come to the practically indis
pensable ingredient in the small enterprise-
the 	manager. Such small enterprises can sel
dom, if ever, afford the highly-trained
 
scientists, engineers and buainess experts that

would be so useful for counsel. Instead, the
 
manager himself must provide the major portion
 
of the expertise needed for daily operations.
 

Certainly he will have the benefit of the
 
counsel of his people, but he will have to
 
evaluate that counsel and make the daily

decisions. He need not be an innovative
 
genious in order to do so, although that
 
quality would help, but he must know what needs
 
to be done and how to do it on a timely basis
 
with the men, p.ant, and materials available
 
to him if i-he enterprise is to succeed. He
 
may 	escape the highly-skilled requirements of
 
his 	job by hiring such talent on a short-term

basis, but he cannot escape the demands of
 
day-to-day operations for good decisions. In
 
order to provide them he must know the details
 
of every operation in the small business. He
 
need not have the manual skills of every

employee, but he must be able to judge the
 
performance of those who are exercising manual
 
skills--maintenance work, for example. This
 
means that he must participate in all of the
 
training for every job; it means that he must
 
understand and embrace the goals of the
 
program.
 

Manuals for Management and Training
 

Colorado State University is presently

completing manuals covering training, oper
ation, maintenance, quality control, and
 
accounting for a LEC small enterprise. These
 
manuals may not provide the specific detail

for every LEC application that may be initiated
 
by imaginative people; however, it is expected

that those manuals will provide a format--an
 
approach to-- any LEC application that can
 
presently be foreseen. I recommend that each
 
of you operators of LEC systems or yot, who
 
are seriously contemplating such installations
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b%. borrow, or even steel copies of theme 

mmls sten they becoms available. 

Nrketift 

Those private entrepreneurs smngu you 
may have noted at least one major omission 
in the prior discussion. Marketing skills-
advertising, selling, and delivery traffic 

Ifconsiderations have not been discussed. 
the 	private entrepreneur is selling in the 

private markets, such skills are a requisite.
 
Even the public sector enterprise may require 
some effort in these areas. These areas were 

not forgotten--they are just so specific to
 
the particular goals of the enterprise that 

they need to be considered without fail for 

each specific goal. Areas that will require 

consideration:
 

A. 	 Product design includl*g f' 

lation. 

B. 	Package design. 

C. 	 Acceptability testing vs. prime 
dompetition. 

D. 	 Estimation of market potential. 

E. 	Estimation of profit potential.
 

F. 	Preparation and funding of an
 
adequate advertising program.
 

G. Preparation and funding of an
 
adequate sales and promotion
 
program.
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Dlscusaon - Thursday Moming 

Moderator:
 

Dr. Fernando Sanchez Arellano
 
Organization of American States
 

Washington, D.C. USA
 

Mr. Nyakunga: 


I want to comment on the selection of a 

manager to run an extruder. I don't totally 

accept the statement that the person is not
 
supposed to be a genius and to know everything 

that's going on in the plant. In most of the
 
developing countries we have had the same 

assumption that this job can be done by anybody.
 
This has been wrong and has led to a lot of 

deterioration of values and jobs. It is my
 
view that if you are assigning somebody to any 

job, you should assign somebody who has got 

the idea of the Job--how it is run and how It 

is operated--so he will be able to control others 

who are assisting him in performing related
 
jobs. If we take for instance our machinery 

here, and we appoint somebody who is not
 
trained--who doesn't know even the system of 

sanitation, despite having the capability of 

being there as a manager--I feel we will run 

into a problem. 


Mr. Ackels: 


Perhaps I didn't make my point entirely 

clear. I believe I said that this manager is 

the indispensable man. And I meant just that. 

He must know the system. When I say he does 

not need to be a genius, I think that can be 

supported, also. But he must be a vigorous 

manager, he must know his system and he must 

know what is going on in his plant if he is to 

manage well. In most of these systems--I
 
can't speak for all of them because it will 

depend on funds and countries available--one
 
will find it very difficult if not almost 

impossible to have trained food technologists 

running laboratories. They won't be available 

because there aren't enough of them. This is 

why training in these specific areas of need 

is so important. One doajn't have to train 

people in every conceivle area of the grain/ 

food processing business, one has to train 

them very carefully in the specific food/grain 

processing systems that they are going to be 

employing in that plant. This is what I was 

trying to convey, and I believe it will stand 

up. 


Prof. Amara: 


Related to the previous question, often in 

the developing country managers start out as 


bookkeepers and are iways looking primarily
 
at the balance sheet, lacking knowledge of the
 
technology or the processing system. This
 
sequence should be reversed.
 

Mr. Ackels:
 

Absolutely.
 

Prof. Amara:
 

Also, once you have the right man in the
 
Job--this part-artist, part-technician who
 
runs the machine--how can you maintain his
 
satisfaction with his job?
 

Mr. Ackels:
 

What we are talking about here is esprit
 
de corps. In other words, you are asking how
 
you make people feel they have the best job in
 
the world in the best place in the world.
 
That's another function of a manager, one of
 
these people who are all things to all people
 
within that organization. You do it with
 
incentives such as pay and recognition. You
 
point him out as being an outstanding operator
 
in that field, and you make him feel that he
 
is appreciated. This is esprit de corps-
trying to get the people on your property to
 
feel like they are very important people,
 
doing an important job and doing It well, if
 
they are in fact doing it well.
 

Dr. Chin:
 

I would like to underscore what Mr. Ackels
 
said about a good manager's needing to know
 
what has to be done and getting it done in a
 
timely manner. I think this is most important
 
because in a particular enterprise you must
 
know what you want. You not only need to
 
make a profit, but in a state enterprise you
 
also have particular overriding national
 
objectives you must balance, because you must
 
maintain your profit position if you are
 
going to stay in business. That is just as
 
important in a state enterprise as in a
 
private enterprise,because if the state enter
prise doesn't stay in business it won't be
 
able to make the food to feed the nutrition
ally disadvantaged it's trying to reach. I
 
think we L_ go about this by identifying
 
the so-called key areas in the particular
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business in relation to the objectives. This 

differs from one situation to another and from 

one country to another; therefore, while in 

some areas marketing may be very important, 

possibly in a particular country like ours, in 

which the market is a relatively closed one in 

terms of restrictions on imports, it might not 

be considered so important as the technology 

part, although it is still very important. 

One should systematize this process of identi-

fying true objectives. In our case it is to 

insure that the food reaches the pre-school 

child who is malnourished; at the same time, 

we have superimposed on this the profit objec-

tive in order to maintain ourselves in
 
business. One should really sit down and write 

them down at regular intervals, that is,

monitor to what extent you have reached your 

objectives, and if you have not, how you go 

about changing your approaches in order to 

reach them. 


Mr. Ackels: 


I think that you are absolutely right, 

The understanding and reviewing of goals to be 

certain that they remain the same from year 

to year is important. I would like to add one 

thing to your comment on marketing. Some of 

the techniques of marketing are every bit as 

important to a state enterprise trying to 

distribute to a target population as they 

would be to a commercial venture. If you 

don't have the appealing flavor and palata-

bility of product that people want, they won't 

eat the product. You won't maintain the 

distribution--even if you get it started--

without that sort of acceptability, and those 

are marketing techniques that are simply 

emphasized even further in a commercial venture 

as opposed to a state venture, 


Mr. Nyakunga: 


I want to raise a question on quality con-

tol. You said that it is possible to operate 

machinery with people who have a high school 

level of education and that a person who is 

operating the plant should have the knowledge 


and understanding of what quality of food he
 
is producing. I feel that is not logical; the
 
persun who *2 the worLer, that is, is entrust* 
to do the wod. only, doesn't have the
 
interest in knowing what is coming out. He
 
just waits for your instructions and does the
 
job and does it well. Then you have another
 
person who is really interested in the work
 
and at the same time is developing an interest
 
in the product. If you have both these people
 
operating the extruder, you don't expect the
 
quality to be controll., d. Suppose you take th,
 
one who actually wants to work, puts all his
 
energies into working, and switch him?
 

Mr. Ackels:
 

You are saying that you think you can't
 
do it without the man's knowing why he's
 
doing it. I suppose it is possible if you
 
supervise him closely enough. This again
 
involves esprit de corps, having people know
 
enough about their jobs so that they are not
 
only concerned with putting in a given number
 
of hours and collecting a given amount of pay,
 
but also with looking at the job with some
 
pride of accomplishment, a job they want to
 
do well--and that they kno4 enough about so
 
they will know when they have done it well.
 
If we simply have a worker who puts in 8 hours
 
working hard but without knowing what he is
 
really there to do, in the event of any slight
 
deviation in the chore--and if you're not
 
there to tell him to deviate with it--he's
 
going to just continue as he has before. You
 
can supervise it that way if you wish, but
 
you are not building organization when you do
 
that. You are not building the capacity to
 
grow. If that man is working alongside the
 
Brady operator, the Brady operator knows what
 
he's supposed to be doing and will want to make
 
a Brady operator out of the other fellow. If
 
you don't do so until he suddenly has to take
over, you will have to start from the begin

ning again to train him. He could have been
 
learning; he could have been a most useful
 
replacement man, perhaps all the way along in
 
his training and experience. These are the
 
in-plant training opportunities that are
 
available to you as you go along.
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Evaluatlon Protocol of LEC Demonstration Projects 

Ronald E. Tribelhorn
 
Department of Agricultural and Chemical Engineering
 

Colorado State University
 
Fort Collins, Colorado 80523
 

INTRODUCTION 


Low-cost extrusion cooker demonstration 

projects (LECDP) in Sri Lanka, Tanzania and 

Costa Rica have been a major part of the LEC 

program. Demonstration projects were designed
 
to: 


1. 	Provide a low-cost, low-techniccl-

input food processing facility to 

produce a nutritious human food in
 
less developed countries (LDC's). 


2. 	Demonstrate the suitability of the 

LEC in a production-oriented situa-

tion.
 

To satisfy both of these objectives, AID/ 

USDA/CSU, in connection with counterpart groups, 

have implemented food processing facilities in 

the countries listed above. As a part of this
 
implementation, equipment selection, plant 

design and technical assistance for installa
tion and start-up and in some cases equipment 

have been provided. 


To determine if the above objectives 

have been fully achieved, there is a need 

to gather certain information from LECDP's. 

This information, along with the methods of
 
collection, is the subject of this paper. 


As a part of the understanding between 

AID/USDA/CSU and the group(s) obtaining tech
nical and financial assistance for LEC plants 

in Sri Lanka, Costa Rica and Tanzania, both
 
parties agreed to provide certain inputs and 

both expected a certain documentation of re
sults. The primary result for the user group 

was a system that would manufacture low-cost 

nutritious foods; foi AID/USDA the desired
 
result was to gain information that would 

suitably demonstrate the use of the LEC sys-

tem in production. All of the plants are now
 
or soon will be in operation, so that it is 

a suitable time to discuss the specific 

evaluation protocol.
 

We have drafted a specific protocol to
 
assure uniformity and thoroughness of informa-

tion needed to demonstrate the use of LEC. 

The information will be collected over certain
 
intervals, analyzed and summarized in an 

evaluation report. The report will provide a 


descriptive and quantitative summary for selec-

Led intervals of operation. I would like to
 
describe the proposed protocol, so that work-.
 
shop participants can suggest changes or make
 
recommendations to improve it.
 

PROTOCOL OBJECTIVES
 

Objectives of the evaluation protocol of
 
LECDP's are listed below.
 

1. 	To obtain data that will docume,.r the
 
ability of LEC to produce low-cost
 

nutritious foods and the suitability
 
of the LEC system for production.
 

2. 	To develop a systematic means of
 

collecting data that will provide
 
answers to specific questions on
 
operation, costs and product.
 

PROTOCOL DEVELOPMENT
 

To develop a protocol for obtaining evalua
tion data, a set of questions was proposed.
 
These questions are general and would be
 
answered by quantitative and/or descriptive
 
information. The answers would also describe
 
how 	specific LEC plants are performing.
 

General questions that we believe must be
 
asked of each demonstration project are given
 

below.
 

1. 	How much did the LEC system cost?
 

2. 	How reliable is the LEC system?
 

3. 	What is the expected output of the
 
LEC system?
 

4. 	How many people are required to
 
operate the LEC system?
 

5. 	How good is the quality of the pro
duct made using the LEC system?
 

6. 	What supporting services are required?
 

7. 	What are the requirements for imported
 
equipment and materials?
 

8. 	What might be done to improve the LEC
 
system?
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PROTOCOL DEVELOPMENT DISCUSSION 


The eight questions proposed above, along 

with specific details for each question which 

must be obtained to fully respond to the
 
major question asked, are given in Appendices 

I through VIII. Applicable definitions and 

examples are given to explain the specific 

data required. Comments on each question are 

given below, 


Question I. 	How much does the LEC system 

cost? 


Two types of costs contribute to the total 

expense of the system: capital and operating. 


Capital costs are one-time costs that 

must be amortized over the estimated life of 

the plant. Included are the costs for de-

sign and installation of the system plus 

the working capital or funds tied up in in-

ventories of raw materials and finished pro-

duct. 


Operating costs are associated with 

operation of the plant. These costs change 

frequently due 	to the cost variability of 

the 	line items in Appendix I that contribute 

to the total 	cost. These costs could be 

summarized on 	an hourly basis.
 

Question II. 	 How reliable is the LEC system? 


To evaluate the reliability of the system, 

answers to the items in Appendix II will have 

to be made. Reliability of the system will 

be determined by the following items: 


1. 	Production efficiency
 

2. 	Operating efficiency 


3. 	Production per scheduled hour 


.4. Percentage of downtime 


5. 	Percentage of product within 

specifications. 


Production efficiency defines the 

plant's productivity during potential operating 


hours. This term omits the time lost due
 

to late starts 	and logistical problems not 

directly related to the plant operation (e.g., 


lack of transportation, etc.) from potential
 
operating hours. 


Operating efficiency is an overall term 


that compares 	the operation of the plant 

(hours per day) to the number of scheduled 

hours for production. This term takes into 

account all losses of time, regardless of 

cause.
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Downtime is'expressed as a percentage of
 
the scheduled operating time. The percentage
 
listed for each specific cause defines the fre
quency of occurrence.
 

Percentage of 	product within specifica
tions is a term which gives information on
 
what proportionL of the product meets the
 
existing specifications. Amounts of off-grade,
 
or out-oi-specification, products could be
 
determined. This comparison will give results
 

relatiug to the ability of the plan to produce
 
a satisfactory product.
 

Question III. 	What is the expected output of
 
the LEC system?
 

Appendix III defines the specific items
 
needed to answer this general question. The
 
quantity that would specify the expected out
put ig the actual recorded production. This
 
quantity would represent actual conditions and
 
is thus a good indicator for production within
 

plants of similar design.
 

In addition to the output, data are
 
necessary to quantify the energy requirements
 
to operate the plant for a specific output.
 
This information would answer how much energy
 

is required for a given process.
 

Information on beneficiary levels is given
 

to compare the output of the plant wieh the
 
utilization of the product. This comparison
 
would indicate 	the quantity of the stored
 
finished product on hand and whether or not
 
the 	system is capable of producing the amounts
 
of product necessary to meet the beneficiary
 
or other end-use demands.
 

Question IV. 	How many people are required to
 
operate the LEC system?
 

The necessary numbers of managerial, oper
ational and other personnel are essential to
 
defining the operation of a LEC cstem. The
 

questions in Appendix IV will provide specific
 

information to quantify the labor force for a
 

system. A list of various levels of plant op
eration, with the number of personnel per
 
category, would be presented to answer this
 

question.
 

Question V. 	How good is the quality of the
 
product made using the LEC system?
 

To answer this question, the information
 
obtained from the answered questions in
 
Appendix V would have to be combined into a
 

definitive statement followed by supportive
 

narration. A judgment on what level of accep

tance constitutes a good product would have
 

to be determined.
 



To quantify the quality of the product, It is felt that the general questions"rep
the following score card would be usee: 	 resent a basis for evaluating the various as

pects of the LEC demonstration system, Upon
 
review of comments and suggestions by the work-


Product Rating Percent Acceptance shop group, the protocol will further be
 
developed. It will include a set of forms and
 

Excellent - 95% or greater instructions on how to use the forms to obtain
 

the 	desired information.
Good - 85-94 

Fair - 75-84
 

APPENDIX I
Unacceptable - less than 75%. 


LEC 	SYSTEM COSTS
The percentage of acceptance would be 

the average of consumer and distributor accep
tance surveys. I. How much does the LEG system cost? (Single

tine costs that must be anortized over
 
Question VI. What supportive services are t life by mnt.)


life by month.)
requredplant
required?
 

A. 	What are capital costs?
Supportive services (such as those given 


in Appendix VI) that are related to plant
 
installation and operation need to be identi- 2. equipment used
this ues-2. CostCost ofof building or rental
 
fied. Information resulting from this3. Other capital costs
 
tion would be used to evaluate whether compa
rable services would be available for a new
 
facility in other countries. Descriptive
 
information on the types of service, how they 1. Cost of materials
 
were used, and amounts of service would be 2. Cost of labor
 
listed in response to this question. 3. Other related costs
 

Question VII. What are the requirements for
 an 	 C.
impotedequpmetmaerils? What are technical assistance costs?
 
imported equipment and materials?
 

Historical information on the require- 2. Engineering assistance costs
 

ments to import equipment and materials and
 
3. 	Marketing assistance costs
how these requirements affected plant design 


and equipment selection is needed. Suggested II. How much does the operation of the system
 
information on this subject is given in Appen- cost? (Variable costs of the plant on a
 
dix VII. A detailed narration discussing oth bais.)
 
some or all of the points would have to be monthly basis.)
 
provided to answer the general question. The A. What are operatin costs?
 
information would also provide a source of
 
data for future reference.
 

1. 	Material costs - amount used per

month and value.
 

Question VIII. What might be done to improve
 
the LEG system? 	 a. Raw material cost
 

Appendix VIII offers questions which 	 b. Offal sales
 

would give a perspective viewpoint on system c. Packaging material costs 

improvement from various labor, management, 2. Labor costs - hours spent per plant 
and user levels. The responses from each 
viewpoint would be compiled to determine im- area and value.
 
provements for both the system and product. a. Cleaning - foreign material
 

removal
PROTOCOL DATA 

b. 	Dehulling - preparation of raw
 

material prior to processing
The 	amount of data collected to answer all 

protocol questions would be significant. To 	 c. Processing - processing of maprotcol uestonsterialto 	 final formulation
 

d. 	Packaging - final formulationreduce the problems associated with data 

cainri ation
collection, it is proposed that summary forms 

cotherizao u
be provided that would organize data suppor-


tive to answering the eight general questions 	 e. Other - miscellaneous
 

on a monthly basis. These data would then be 3. Maintenance - daily and preventive
 
collected at convenient times throughout the costs--hours spent.
 
year by LEG project personnel.
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a. 	Cleaning - same as #2 above APPENDIX II 
b. 	Dehulling - same as #2 above
 
c. 	Processing - same as #2 above 
 iLEC SYSTEM RELIABILITY
 
d. 	Packaging - same as #2 above
 

4. 	Spare parts - parts and their I. How reliable is the LEC system?
 
costs required on an area basis.
 

A. 	What is production efficiency?
a. 	Cleaning - same as #2 above 

(specific list by equipment) 1. Recorded production per hour
 
b. 	Dehulling - same as #2 above 
 divided by designed production


(specific list by equipment) 
 per 	hour. Recorded production
 
c. 	Processing - same as #2 above 
 averaged monthly hourly produc

(specific list by equipment) tion.
 
d. 	Packaging - same as #2 above
 

(specific list by equipment) B. What is operating efficiency?
 

5. 	Managerial costs - cost of manage-
 1. Monthly averaged hours in produc
ment on per-plant-area basis 
 tion 	per day divided by scheduled

hours of management required and 
 hoursfor production per day.
 
cost.
 

C. 	What is the production per scheduled
 
a. 	Cleaning  same as #2 above hour? Recorded production divided by


(shift supervision) 
 the 	scheduled hours for production.

b. 	Dehulling - same as #2 above
 

(shift supervision) 
 D. 	What is the downtime? Number of hours
 
c. 	Processing - same as #2 above 
 down by specific event, as a percent


(shift supervision) 
 of total scheduled operational time.
 
d. 	Packaging - same as #2 above
 

(shift supervision) 1. Equipment-related
 
e. 	Plant management 2. Material-related
 
f. 	Other managerial costs 3. Labor-related
 

4. 	Power-related
 
6. 	Utility costs - quantity used 5. Other.
 

per month and value.
 
E. 	What proportion of product is within
 

a. 	Water specifications? Comparison of quality

b. 	Electricity 
 control standards with actual
 
c. 	Sewer 
 tests performed.
 
d. 	Other
 

1. 	Total amounts raw materials used
7. 	Lubricant and fuel'costs--
 on a monthly-basis inveni:ory

quantity used per month and 
 record.
 
value. 
 2. 	Calculated formulation percentages.
 

a. 	Grease 
 F. 	Likes/dislikes of managers/operators

b. 	Oil 
 (descriptive information).
 
C. 	 Diesel 
d. 	Gas' 
 1. 	Equipment-related
 
e. 	Other 
 2. 	Plant area-related
 

3. 	Plant as a whole
 
8. 	Other related costs. 
 4. 	Environment-related
 

5. 	Working conditions-related
 
B. 	Product distribution costs  per- 6. Other.
 

month basis.
 

l'.Transportation costs (quantity
product distributed and cost to
 
transport). (Length or distance
 
of transport.)
 

2. 	Labor costs (hours labor used for
 
distribution and value).
 

3. 	Other costs
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APPENDIX III 2. Quantity and level of management 
per plant area basis. 

LEC SYSTEM PRODUCTION 
a. 	Clearing
 
b. 	Dehulling
 

I. 	What is the expected output of the basic c. Processing
 
system? 
 d. 	Packaging
 

e. 	Sanitation.
 
A. 	What is scheduled production? Designed
 

production of the plant per hour and C. Where is more (less) labor required?
 

per month basis.
 

1. 	Scheduled days of production APPENDIX V
 
2. 	Scheduled shifts per day (length
 

of shift) LEC SYSTEM PRODUCT QUALITY
 

B. 	What is actual production? (per-hour
 
and per-month basis) I. How good is the quality of the product made
 

using the LEC system?
 
1. 	Actual days of production and
 

quantity produced. A. How acceptable among recipients?
 

2. 	Actual length of shift (average (mother-child acceptance)
length over month).
 

1. 	Likes -appearance, functionality,
 

C. 	What are specific energy requirements flavor, etc.
 

for plant? (kW-hr/kg) 2. Dislikes - appearance, functional
ity, flavor, etc.
 

1. 	Recorded energy inputs (electricity, 3. How is product used? (survey)
 

fuel).
 
2. 	Hourly production. B. What is acceptability among distribu

tors? (descriptive)
 

D. 	What is beneficiary or user level?
 
1. 	What are programming problems?
 

1. 	Number per month receiving food or (distribution, education)
 

quantity sold per month. 2. Preparation problems? (feedback
 

2. 	Ration-size-- amounts each user from recipients)
 

!receives per month or size of 3. Infestation problems? (amount of
 

packet sold. material infested)
 

3. 	Percent of identified malnourished 4. Shipping/storage losses?(comparison
 

group where material is distributed of plant dispatch with distributor
 
receipts)
(survey identifying group). 


5. 	Packagingr (broken packages, im
properly sealed, etc.)
 

APPENDIX IV
 
C.' What are some of the logistical informa-


LEC 	SYSTEM PERSONNEL tion about the product?
 

1. 	How is product distributed (per

cent by mode of transportation)
 

LEC system? 

I. 	How manylpeople are required to operate a 


2. 	Who receives product--target group?
 
3. 	How many receive product?
 

A. 	Number of supervisors, operators and
 
other labor required? (per plant area) a. Prior to LEC system
 

b. 	Progression of expansion of
 
beneficiaries since system
 
initiation?
 

1. 	Cleaning 

2. 	Dehulling 

3. 	Processing
 

D. 	How might product be improved?
4. 	Packaging 

5. 	Sanitation
 
6. 	Supportive service (electrician,, 1. Size granulation
 

mechanic, etc.). 
 2. 	Functionally
 

B. 	Amount of management required?
 

1. 	Quantity and level of management
 
for total plant.
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APPENDIX VI 

LEC 	SUPPORTIVE SERVICES 


it supporting services are required?

t.ist frequency of use and total hours of 

use per month per contract) 


A. 	What services were required for in-

stallation?
 

1. 	Equipment placement (contractor, 

personnel).
 

2. 	Electrical (contractor, 

personnel), 


3. 	Other (building modification or 

erection).
 

B. 	What services are required for plant 

operation?
 

1. 	Equipment repair (items repaired 

in-country such as rebuilding 

rotor, etc.).
 

2. 	Product promotion (advertising,
 
art work, etc.). 


3. 	Product evaluation (laboratory 

tests, proximate analysis, etc.)


4. 	Legal matters (contract develop-

ment, etc.). 


5. 	Building repairs (roof leak,
 
light replacement, etc.). 


APPENDIX Vil 


LEC SYSTEM IMPORT REQUIREMENTS 

I. 	What,are the requirements for imported 


equipment and materials?
 

A. 	How much equipment was imported?

List of plant equipment and govern
mental requirements for importation.
 

B. 	How much equipment is produced local
ly? List of plant equipment.
 

C. 	What are foreign exchange requirements
 

1. 	Who can obtain exchange?
 
2. 	Cost of exchiange?
 

D. 	What equipment in existing plant could
 
be replaced by local equipment?
 
Costs associated with this change?
 

E. 
What 	was provided through donation
 
or loan programs?
 

APPENDIX VIII
 
LEC SYSTEM IMPROVEMENT
 

I. 	What might be done to improve the LEC
 
system?
 

A. 	What can be done to improve system?
 
(descriptive information)
 

1. 	Operators' opinions.
 
2. 	Management opinion.
 
3. 	Other.
 

B. What can be done to improve product? 

;.l. Consumer or recipient opinion.

2. 	Distributor opinion.
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Discussion - Thursday Afternoon 

Moderator:
 

Dr. Alfred Lachmann
 
USDA/OICD
 

Washington, D.C. USA
 

Mr. Nave: 


I suggest that on management time you add 

another item for reporting. This takes up to 50% 

of our factory manager's time, and it is a 

part of the total production picture. 


Dr. Chin: 


One has to relate the cost to the benefit, 

and sometimes the amount of time you have to
 
spend collecting a particular set of data 

might not be worthwhile. You need to devise 

forms and establish a system for data collec-

tion that takes a minimal length of time. 


Mr. Tribelhorn: 


I think the number and kind of forms that 

are generated will be specific to a particular
 
plant. Some plants are going to have more 

items than others, particularly of a descrip-

tive nature. A number of the plants so far 

have a donation-type program, and you can get 

quite a bit of information from the people in 

the field. On commercial-type applications, 

you are going to have to rely on feedback 

through other channels, so you will have to 

change the forms accordingly. 


Mr. Cregger: 


I wonder if you're not trying to draw too 

fine a line with your cost analysis. I 

think you are going to collect some pretty 

arbitrary cost breakdowns when you detail 

managerial costs. You have one manager and 

maybe one supervisor in these plants, and 

trying to record accurately how much time he 

spends between cleaning and hulling, processing 

and packaging, and a thing called plant man-

agement--I'm not quite sure how you would break 

that one down--it is very time-consuming. 

You're working with a small number of people 

under most circumstances, and if you're going 

to do it accurately, it's a lot of work. I'm 

not sure that it is that valuable for you to 

know that the manager spends 10 minutes a week 

managing the dehulling process, for example. 


Dr. Harper:
 

I think you're right. In most instances
 
you've got a very small group; in iact, all 


three demonstration plants where you are going
 
to collect data are small operations. I'm
 
not sure of the total structure yet in Sri
 
Lanka, but there we've been discussing a
 
plant manager plus shift supervisors. Now the
 
shift supervisor will be a management-type
 
person, and that's where that category would
 
come in.
 

Mr. Cregger:
 

You are still dividing 4 people's time up
 
in this process, and I think it's going to be
 
an arbitrary judgment as to how much time is
 
being spent where. I'm not sure you would
 
know enough when you got through to make it
 
worthwhile.
 

Dr. Harper:
 

This protocol answers a logical need to
 
document the demonstration plants aready in
 
existence so that others can have a clearer
 
perspective of what low-cost extrusion cooker
 
technology is all about and how it may be
 
applicable to some of their specific problems.
 
I think this is an important and necessary out
put of what we are doing, but we need to
 
remember that these process systems repre
sent first or not more than second efforts to
 
demonstrate LEC technology. Consequently, I
 
think it is important to put the analysis in
 
the framework that the results may not neces
sarily be the final word as to what that
 
technology is. Another thought Ihave is that
 
one of the most important pieces of informa
tion to be generated is how things have
 
progressed with time. Start-up of any new
 
operation is always fraught with difficulties;
 
consequently, costs and efficiencies--what
ever--are not so good as you wish. But the
 
crucial thing we should be looking at is the
 
plant's actual continuous performance compared
 
to projections and how quickly do the plants
 
reach that level of performance. A protocol
 
should provide for taking data over a period
 
of time and such data are much more meaning
ful than a single point-piece of data. They
 
tell us how it went and how we project we
 
will end.
 

Mr. Tribelhorn:
 

That is essentially what was suggested be
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done on a monthly basis, though we certainly 

wouldn't pick''it up monthly. 


Dr. Jansen: 


I think several of these questions have
 
really dealt with what is called "respondent 

burder " that is, the evaluation time as a per
centage of operation time. In other words, you 

don't want to spend more time evaluating what 

you're doing than doing. The right approach 

to that is somewhat similar to what Alden 

Ackels has talked about for quality control, 

namely, it needs to be re-evaluated. You
 

want to know ifyou really need the information,
 
because you don't want a lot of specifications
 
that are going to be ignored. I think that is
 
a good point, because the analysis itself needs
 
to be cost-effective.
 

Dr. Lachmann:
 

Any other comments? If you think of
 
others between now and departure, it would be
 
very helpful to us in evaluating the protocol
 
if you would give them in writing to Mr.
 
Tribelhorn.
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Work Group Reports and Additional Discussion ! Thursday Afternoon 

WORK GROUP I: PROCESS
 
Justin R. Jackson
 

Leader
 

(Editor's Note: All participants received 


assignments to work groups and topical out-


lines well in advance of the workshop, and 


each person was asked to review the topics 


in preparation for discussions. The discus-


sion topic was "Identification of Future LEC 


Activitites," and within that context groups
 

discussed aspects of process, product,
 

marketing and technical support services. 


Please refer to Appendix III for work group
 

goal, outlines and members.) 


SUMMARY 


This group felt that CSU should provide 


more information on LEC plant designs, 


including some items which do not directly 


relate to equipment. Such items as site
 

selection, flexibility for system design, 


and building requirements were determined as 


necessary inputs by CSU for a complete design. 


A set of criteria for selecting a site
 

to 
build a factory should be provided to 


prospective groups. Tha criteria should be 


based on several items, including economics 


for transport and repairs, labor accessi-


bility, area space requirements and power 


availability. By providing these criteria to 


potential users, there would be less chance of
 

an improper site selection. 


Design of the physical plant facility 


needs refinement. Guidelines should be 


established to help a potential site to 


design and/or contract for construction of 


the plant. Guidelines on plant building 


design, infestation control, future expansion,
 

ventilation, sanitation, and product movement 


should be adopted. 


The variability from one installation to 


another has been typically small, thus not
 

allowing for a wide selection of designs. A 


selection of several designs for a specific 


product would introduce more variability. A 


comparative study on horizontal versus 


vertical systems would assist the decision-


making process when considering the installa-


tion of a plant. 


A suggestion was made to incorporate into 


the program an industrial engineer who would 


complcment the existing staff and would assist
 

in providing workable designs for LEC plants.
 

The staff addition would make for a more
 

systematic approach, since the industrial
 

engineer is trained to identify often-over

looked details in present design developments.
 

SPECIFIC RECOMMENDATIONS
 

Several poit.ts on the processing equipment
 

were discussed as given below:
 

Cleaning - More thought should be given to
 

expanded equipment capacity, so that large
 

quantitites of materials could be received over
 

a short time period if necessary.
 

Aspiration - To improve both safety and
 

environmental conditions in Zhe plant, some
 

work should be done in the area of dust removal.
 

Storage - Comparisons of bulk storage ver

sus conventional storage should be made.
 

Economic factors and possible design alterna

tives would help make decisions on what to use.
 

Plant Controls - More monitoring systems
 

should be utilized which would allow management
 

to oversee operations. Specifications for raw
 

and finished products, along with necessary
 

monitoring equipment, would provide data for
 

cost and internal material movement control.
 

Conveying - The primary concern for
 

conveying systems is sanitation. Conveyors
 

should be upgraded from those presently used.
 

The replacement conveyors should have capa

bilities for fumigation and normal cleaning.
 

Pneumatic conveyors should be considered more
 

often for LEC systems.
 

Proportioner Grindnr - The compatibility
 

of the existing equipment with other extruders
 

should be investigated. Alternatives need to
 

be identified.
 

Water Application - Tempering of raw pro

ducts prior to extrusion was felt a viable
 

alternative to the present water application
 

method. Information on providing a water
 

injection system directly into the extrusion
 

chamber is a second alternative that should be
 

considered.
 

Extruders - The capability for continuous
 

operation of the Brady is still in question.
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Wear problems were reported during the work-

shop which must be overcoce to make the Brady 

a continuous duty extruder. Therefore, 

mtallurgical evaluations should be made to 

improve the life of parts particularly 

susceptible to wear. In addition, investiga
tions should be made into broadening the uses
 
of LEC for products other than weaning foods,
 
including second generation products such as
 
soups, snacks, and pastas.
 

A selection of LEC's should be made
 
available. It is recommended that CSU look 

at other extruders which would meet existing 

LEC criteria orportions of the criteria, 


Cooling - Coolers should be examined in 

more detail to reduce capital costs and 

improve efficiency. 


Reduction Milling - A need for heavy duty

mills is required to reduce maintenance costs 

and dowrtimes. More information on mills that 

can grind FFSF should be obtained through an 

intensive investigation. Alternate milling
 
systems such as stone, attrition, and roller 

mills should be considered for reducing the 

final product.
 

Enrobing - Information should be made 

available for enrobing and coating equipment, 

identifying manufacturers, equipment models, 

and prices. 


Packaging - Packaging machinery would help
 
automate the system, as well as reduce con-

tamination problems. Based on reports and 

discussions during the workshop, more infor-

mation is needed on packaging machinery and 

packaging materials. 


Maintenance - More tools are needed to 

perform the necessary repairs and maintenance 

of the equipment. Emphasis should be placed 

on developing a more thorough list of tools
 
to be provided with the plant. 


Miscellaneous - Investigations need to 

be made into the types of steel or material 

that should be used to make plant equipment. 

Concerns of black iron contamination plus 

other possible metallic contaminations should
be considered before a recommendation is made, 


Types of fumigation equipment should be 

looked at and the information provided to 

interested groups requesting i. 


Distribution of the Plant Manual should 

be made in advance of the plant start-up to
 
allow time for the group to become familiar 

with equipment operation. 


CSU involvement in equipment installation, 

plant design, start-up, troubleshooting end 

follow-through was discussed. The level of 
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assistance needed varies by site. Greater 
local involvement is desirable, and where that
 
can be obtained, CSU involvemer. can and should
 
be less. Areas where emphasij needs to be con
centrated should be identified.
 

Mr. Tribelhorn:
 

There was some feeling among the group
 
that possibly CSU has been having a little
 
too much involvement with the training and
 
technical assistance and the question was,
 
just what level of input is required prior to
 
CSU's leaving? We could not resolve it, and
 
we hoped that we could get some comments from
 
the rest of the group here as to how much
 
assistance is required before the people in
 
the plant can take over and solve their prob
lems by themselves. Do we let the gr'oups
 
solve all their own problems, or do we make
 

recommendations to help them, or what?
 
Mr. Sterner:
 

The other controversy we had concerned
 
looking into the metallurgy of the Brady
 
crop cooker.and what to do about it. I would
 
like to have both viewpoints stated at this
 
time. You may want to address this, Ron; you
 
take one side and I'll take the other.
 

The Brady crop cooker at this time is
 
being sold very inexpensively because they
 
want to reduce the inventory. What benefit
 
is there to looking into the metallurgy-
having CSU look into the metallurgy of the
 
machine--to try to inprcve its wear life when
 
the machine is so inexpensive to buy at this
 
point? And if they do look into it, what
 
results can be obtained?
 

Mr. Tribelhorn:
 

The position I was taking in terms of
 
metallurgical work was that we need to do
 
some more work in that area to possibly
 
improve the longevity of those machines
 
improe tellongev e machines
in the field. We have machines in production

in various countries, and we would like to
 
assist them at least to the point where they
 
can decide either to go to a different machine
 
or possibly to continue with the Brady.
 

Mr. Crowley:
 

It sounds like you arc implying that the
 
only Bradys there are, are the ones now in the
 
field, and I think that might cause some
 
misunderstanding. There is a supply of Bradys,
 
and to my knowledge that supply will continue
 
as long as there is a demand for them.
 



The Koehrirg Company has indicated that they 
no longer wish to stay in the business of mak-
lng the Brady cooker, and they intend to sell 
the Brady cooker part of their business to 
another company. But in the meantime they are 
in that business; they have a supply of 100 
machines available; they have indicated that 
they will continue to make machines if there 
is a demand for thEm; and they have indicated 
that there will be a continuing supply of spare 
parta. I think if there are weaknesses in the 
machine, for example, parts that wear out 
rapidly, they should be looked into. 

Mr. Sterner: 


Are you saying then that Koehring would 

adapt the Brady to your speficiations? 


Mr. Crowley:
 

I can't speak for Koehring. However, CSU 

and others have come up with modifications, 

There are plans for different kinds of feeder 

systems and so on, and as frequently is the 

case with standard pieces of industrial equip
ment, when somebody uses them, they make their 

own modifications. If you want to put a 

hardcned screw in, for example, this certainly 

can be done. 


Prof. Amara:
 

There was a definite rumor that the 


Brady would no longer be produced, but now it
 

is clear that the Brady is going on and we will 

still be able to get spare parts. Thank you 

for clarifying this point. 


Mr. Mosha: 


It is possible to incorporate into the 

system a mechanism to control infestation that
 
may occur after the product has been cooked? 

I'm thinking of something like in the case of 

flour milling where you either impel the flour 

against some surface or you treat it lightly 

using mild heat. Too much heat, of course,
 
will destroy your product, especially the 

American vitamins. 


Mr. Jackson: 


In the Sri Lanka plant and also to be
 
incorporated into the Costa Rica plant is 

an entoleter--an impact insect destroyer
 
like you described-- which impels the egg or 

larvae against the wall of the machine and 

destroys it. Installing it at the end of 

your line, just immediately prior to packing, 

should eliminate the need for any infestation
 
control between the extruder and your packing. 

They cost about $6,800 and have a 2-month 

lead time.
 

WOR G3)U1 1I: PFOSMCI 
Leslie Chin 
Leader 

INTRODUCTION
 

improvements in the product under the
 
following headings were considered: nutri
tional requitements and nutritional evaluation,
 
product profili,, country-specific recipes and
 
quality assurance. For the purposes of this
presentation, low cost is related to purchas
ing power, raw materials, availability and
 

competitiveness.
 
We also discussed the application of this
 

low-cost technology using agricultural by
products for the production of animal feeds,
 
which would i.resse the availability of human
 
foods.
 

We placed emphasis on weaning foods, as
 
recommended by the first LEC workshop. Wean
ing foods are used to supplement the diet to
 
improve the nutritional well-being of the
 
child after it reaches the age of four months.
 

NUTRITIONAL REQUIREMENTS AND NUTRITIONAL
EVALUATION
 

Ore recommended activity is to assess
 
the vitamin and mineral content of the wean
ing food in relation to the standards derived
 

from the needs of the target group in the
 
specific countries, e.g., for Sri Lanka,
 
increasing vitamin B1 and B2 and reducing
 
vitamin B12 levels of fortification in CSB.
 

Work needs to be done on the stability
 
and utilization of certain vitamins and
 
minerals in relation to processing, storage
 
and recipe preparation.
 

It is both desirable and necessary that
 
before marketing, weaning foods be evaluated
 
by the medical profession using metabolic
 
studies.
 

PRODUCT PROFILE
 

We have considered form,;lations with
 
different raw materials by proposing a product
 
profi' , and work is requirA tn the following
 
areas:
 

(a) Protein-energy ratio of the final
 
product. This needs to be resolve'
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by further work since there is a 
variety of current recommendations. 

(b) 	Energy density. Work needs to be 
done on a recommended energy density 
of the product when cooked and as 
fed. This relates to the limited
 
capacity of the infant stomach and 

inability to secure enough energy
 
from foods with lcw calotie density. 


(c) 	Fat content. Attention needs to be 

paid in general to the fat content 

and specifically to the essential 

fatty acid content, guided by the 

code 	standards for cereal-based 

weaning foods. 


(d) Fiber content. The consensus was 

that grains should be dehulled to 

make the fiber content m:nimal.

Further work needs to be done to 


resolve some of the differences in 

recommendations for maximum fiber 


content of weaning foods.
 

(e) 	Ingredients. We have emphasized the 

use of local raw materials which 

would be available at low cost, 


COUNTRY-SPECIFIC RECIPES 


Country-specific recipes should be safe 


cnts, or areother Ingredients and work re
quired? Has there been a sufficient nusag 
of products demonstrated, or is the work 
basically on full-fat soy and blended -foods 
insufficient? If the latter were any 
recommendations made? 

Dr. Chin: 

Unfortunately, we didn't discuss that.
 

Part 	of our uapproach was to optimize the
 
use of time, so we decided to spend it on
 
weaning foods in terms of the impact that we
 
would have. I myself think that the points
 
you raise are important, and I personally

think that not enough work has been done.
One of the possible applications that had
 

excited me was the use of extruded cereal,
 
possibly a by-product with urea, for dairy
 
feed, thereby releasing some of the protein

supplements for other uses. Would any of
 

the other members of the group care to
 
comment?
 

Prof. Amara:
 

I would like to emphasize the need for
 
experimental research cz product development.
 

In a developing country, there is not enough
 
of a specific raw material for everyone, but
in Thailand--and especially in different
 
areas of the country--we have different rat,
Couygienraly-pe recipnreslod be smaterials 
available. We neea quite a lot of
and hygienically-prepared and related to
 

traditional eating patterns. In home prepara-

tion the addition of expensive ingredients

should not bre recommended. 


QUALITY ASSURANCE 


Assurance of the quality of the rroduct 

at the point of use is necessary. Standards 

of quality and systems of assurance need to be 

adopted. In particular, finished product 

standards must be adhered to, and if they are 

not, the product must not be put oi the market. 


Packaging is second to raw material in 

cost, and it needs to be optimized in relation 

to distribution channels, product formulation 

and length of storage. 


Dr. Harper: 


I would like to know what your group felt 

was needed to advance the implementation of 

LEC technology in the way of prototype pro-

ducts or additional ingredients. Did they 

feel sufficient work had been done to demon-

strate this technology with enough ingredi-


time 	to experiment with che raw materials
to develop products that will suit the eat
ing prouof thv is i thee

ing patterns of the various regions. There
is much to be done along this line.
 

Hr. Lukoo:
 

I think we were emphasizing corn and soy,
 
but other raw materials should also be con
sidered. For instance, in the case of Tanzania
 
we would probably like to go Jnto things like
 
common beans or oilseeds--things like ground
nuts--which we actually have in greater
 
quantity today than soybeans. This is a
 
diverse question which involves such con
siderations as resources, a given couatry's
 
protein efficiency ratios of the 4airious
 
combinations, and so forth.
 

Hr. Nyakunga:
 

I had some reservations regarding the
 
recommendations made by the group in relation
 
to dehulling of the soybean. They want to re
duce 	the ash content of the fVnished product,
 
but what per.entage of the hull do they want
 
removed? Also, I didn't understand whet idea
 
the group had to reduce the flavor of soybeans
 
in the finished food products.
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Dr. Lactmann: 

I was part of the committee, and we felt 
that we ought to follow the standards which are 
set by either PAC or USDA for safety purposes. 

We don't know for certain what happens when we
 
don't dehull, and since we're talking about 

weaning foods, we are very careful not to
 
recomend anything that will contradict ac-

cepted nutritional standards. As to minimizing 

the soy flavor, that's a formulation question 

we did not discuss. 


Mr. Nave: 


One of the main problems in flavor is the 

cleaning of the beans to begin with. When you 

cook a pot of soybeans at home, it you have
 
one or two broken ones in there, they all taste
 
bad. I don't see any difference between that 

and extrusion cooking. You really have to
 
clean your beans, taking out all the broken 

ones, the halves, the cracked ones and the 

discolored ones--it will make a big difference 

in your flavor. On another subject, why do you 

put milk in these formulas? 


Dr. Chin: 


That is something we in Guyana considered, 

One of the reasons is that--for the weaning 

food--the mothers to whom we give the product 

are going to add milk. We might as well put 

it in for her at a lower cost than she can buy
 
it, because sh.. is going to use evaporated
 
milk--one of the most expensive forms of milk. 

We havJe arrived at the conclusion that the
 
sales price of our product is equivalent to the 

total amount of money she would spend, let's 

say for a week, to buy both a weaning food and 

the milk that goes with it as it is acutally
 
fed.
 

Mr. Mosha: 


of lactose intolerance has been a long-sutad
ing Issue, regarding the use of llk to treat 
malnourished children. I don't think that, 
for instance, corn-soy milk has had any 
deleterious effects.
 

Dr. Nichols:
 

A marketing man can't resist making a
 
comment here: Dr. Chin's observations about
 
the reasons why they put milk into the pro
duct is a perfect example of the value of
 

doing a little bit of research--what people
 

consume, how they consume it, how they pre
pare it and how they serve it--and then
 
building the results into the product the
 
best way you can.
 

Prof. Amara:
 

I would like to support Dr. Jansen in
 
not adding milk to corn-soy blends. In our
 
formula of rice and soy we do not add milk
 
either, and it is adequate nutritionally. I
 
would like to add regarding the discussion of
 
removing the beany flavor, that there has
 
been quite a lot of work at Cornell on this.
 
The results indicate that by using
 
heat--about 80°C--you can remove the beany
 
taste. It is interesting to note, by the
 
way, that the people of Singapore or Hong
 
Kong, who like to drink soy milk, prefer
 
to have the beany taste in it.
 

Dr. Lachmann:
 

That is one of the problews we had in
 
discussing product development--each country
 
is different.
 

Hr. Crowley:
 

One of the capabilities of the extrusion
 
cookers is to make textured vegetable protein.
I would like to address Dr. Jansen onMrNaedsibdtetonitrstn
 

thismaterf whthe ornot o ad mlkIndia of the consumers and users of textured

Idao h osmr n sr ftxue
because it is one of the controversial issues.
beaue iis oene othtqute ontroveralpiue vegetable protein, and I think Prof. Amara has 

There is evidence that quite a number of people demonstrated there is an interest in Thailand. 
cannot very easily digc~t milk, and this Some of the extruders we have worked with, 
raises a question from the nutritional point 

of view about its use. 


Dr. Jansen: 


As far as I know, there is no reason 

from a nutritional standpoint to add milk
 
to a corn-soy blend. However, from the stand
point of flavor or acceptability, there may 

be some other reason in a particular country
 
or area. From a nutritional standpoint, the 

protein quality of corn-soy blend is adequate 

in terms of quality and quantity. The point
 

particularly the Brady, haven't shown good
 
capability in doing that, but others--the MFM
 

extruder for example--have. I would be inter
ested in knowing what the group's interests
 
are in textured vegetable protein as made by
 
low-cost extrusion cookers.
 

Dr. Chin:
 

We haven't considered that, so I am only 
giving my personal views. I think we have 
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believed that weanina foods are going to have 
the reatest Impact. But inevitably, if onewants to optimie the use of the Brady both 

worldwide and in-plant--where you are trying

to maximize the use of your plant-one needs 

to consider, as we are doing, the variety of
products that you can make with the extruder. 
TVP, although it might not fill a particular

function in terms of being low-cost will fill 

a particular market that I think is there. 


Dr. Lachmann: 


We did not really consider it because we 

were concentrating on weaning foods, 


Prof. Amara: 


We in Thailand are interested in producing

TVP using the extruder and are working with an 

oil refinery to arrange to use its defatted 

soy residue for use in a texturizing factory.

We are hopeful that textured vegetable protein

represents an important source of protein to 

improve the diet of pregnant and lactating 

women.
 

WORK GROUP III: MARKETING 
John P. Nichols
 

Leader 


INTRODUCTION 


Marketing as an area of management

decision-making depends to a large extent on 

many social, cultural and human behavior 

factors. It was observed early in our dis-

cussions that this made the process of reach-

ing a consensus very difficult. Each 

participant was dealing with a 
very different 

set of experiences, and we did not have the 

benefit cf a well-defined common body of in-

formation as did some of the other discussion 

groups. 


We did, however, identify several basic 

concerns which cut across the specific in-

terests of individual participants and which 

would-benefit from future research and analy-

sis. Through a study of these in several 

different settings, it is felt that an 

experience base could be developed which 

would be sufficiently broad to allow useful 

general conclusions to be drawn.
 

RECOMMENDATIONS
 

1. The impvct of pricing decislonswas 
identified as an arqa in which more extensive
 
work needs to be done. Noted specifically was
 
a concern about the effect of price levelonof purchase by specifc target populations.
 
It was felt that not enough is known about
 
the mnsititivity of the most "nutritionally
vulerable" people to the level of price at
 

which the product is sold or to subsequent

changes in price. The effect of price on
 
total level of sales and ultimate commercial
 
viabilitiy is also an important consideration
 
which needs attention.
 

It was recognized that conditions will
 
vary widely from country to country and that
 
LEC foods may be entirely different in

different programs. However, benefits would
 
result from careful study of current pro
grams. As an example, commercial weaning foods
 
are planned for several LEC projects. The

results of these projects should shed some
 
light on the pricing questions noted above if
 
studied carefully.
 

To provide the basis for drawing useful
 
generalizations, an effort will be required
to monitor sales and identify trends in market
 
penetration during the early stages of test

marketing. 
Some idea of the prices of related
 
or competing products should also be obtained.
 
The major point is that a specific effort
 
should be planned at the same time test marketing is undertaken.
 

2. Packaging was identified as a second
 
area of concern. One specific question is
 
whether different packages should be used in

situations where LEC weaning foods are being

introduced in both free and commercial channels.
Arguments favoring use of the same package are
 
based on the idea that use of the product by
free recipieats would be encouraged by the
 
image of a marketable-quality product. Con
versely, it is argued that the value or image

of the product to customers in the marketplace

would be lowered. If the packages are differ
entiated for the two distribution channels,

then the commercial product will not be thought

of as a "welfare" food; however, those who
 
receive it free may fe:el they are getting an
 
inferior product and thus be less enthusiastic
 
about using it properly.
 

A related question is whether or not a
 
low-cost package can be developed which will
 
be competitive in the market. 
Monitoring of
 
current and planned projects will provide a
 
basis for generalization, though the subtle
 
effects of color, artwork and related factors
 
may prevent direct comparisons across country
 
lincs.
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3. Distribution systes were discussed, 
The extent and sophistlc/tion 'of distribution 
systess appropriate for,LC foods were ques-
tioned. Can LEC foods be distrbuted using 
a less expensive system?, If the full involve-
aunt of all levels of the.system is needed to 
sake the product widely'available, can the cost 
of this be covered and still keep the retail 
price within reach of the target population? 
These are questions which.will only be re-
solved through experience in the field, 

4. The workgroup encourages all partici-

pants to document the objectives and results 

of commercial ventures in the LEC Newsletter. 


5. The workgroup suggested a study de-

signed to review current commerical LEC 

projects. The purpose would be to focus on 

documenting the marketing programs and develop
ing an analysis of the results of each venture. 

These individual case studies would then
 
be available as a basis for developing 

useful generalizations, 


Dr. Harper: 


I understand the complexity of what one 

goes through to establish new products that 

meet market needs. It is a very expensive, 

time-consuming and imprecise process, despite 

its sophistication. Since we are talking 

about low-cost appropriate technology, can we 

also talk about innovative low-cost appropriate 

marketing studies to tell us some of these 

answers without necessarily doing it quite 

like it is done in the U.S.? 


Dr. Nichols:
 

I'm sure there are some opportunities for 

innovations, and I think we've seen all levels
 
of sophistication in marketing research being 

applied to some of these projects. I don't 

criticize the project or the marketing 

research effort because itwas not as exten-

sive or sophisticated as something one would 

see in the U.S. I don't think we are talking 

about great expenditures of money in all 

cases. The dollar value of the first survey 

in Sri Lanka was about $7,000, and it is a 

fairly extensive project. 


Mr. Cores: 


In marketing one of our chief objectives 


is to spend as little money as possible on 

advertising in relation to the results-that 
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you want. We don't spend money just for the,
 
sake of spending it; 7ou spend only the
 
money you need to spend to get the desired
 
objectives. A proper marketing strategy 
is adopted after capital research and
 
thought. Then one can always prune and re
duce marketing support expenditures to the
 
barest minimum. This means the proper
 
identification of target groups and proper
 
decisions about objectives, so that we go
 
in the correct direction in the best manner
 
using the least possible resources. For in
stance, in Sri Lanka it is very cheap to use
 
consumer contacts. In the West it is unthink
able, because it is very expensive. We have
 
used it very cheaply for many years with a
 
reasonable amount of success, so one can
 
always use low-cost marketing support as
 
well as low-cost technology in this field.
 

Dr. Nichols:
 

There is also the aspect of the question
 
that more directly relates to low-cost market

ing research: how can we gather some of this
 
information more cheaply?
 

Mr. Corea:
 

That is even simpler, really, because it
 
is a question of deciding what results you
 
want. For instance, the use of a big sample
 
may cost a lot of money, but the information
 
you get from it will not be so different from
 
information you get from a smaller sample.
 
What you really want is not absolute results;
 
what you want is an indication, you're looking
 
for trends, so that a small sample with low
 
field and tabulating costs will give you enough
 
information to make decisions on which to take
 
action. Obtaining information on things like
 
advertising and packaging can be and is done
 
all over the world with small samples of 15-25
 
people, which isvery inexpensive.
 

Dr. Nichols:
 

Perhaps the appropriate technology here
 
would be reducing expenditures by cutting back
 
the size of sample, the scope of ficld work and
 
the expensive out-of-pocket things, substitut
ing for them very good technique, procedure
 
and care in selecting the sample. They would
 
be more assured of precise procedure in the
 
questioning process and development of specific
 
research objectives and hypotheses. In market
ing or in any other kind of scientific research,
 
you never know the exact answer; there is
 
always a confidence interval around it. The
 
reason we go to larger and larger sample in
 
marketing than you might in other research.
 

is that you have more variability to start
 
with, so you have to have a larger sample to
 



get your confidence interval down to something 
you can deal with. In many cases, though, we 
may be able to cut back on size of samples and 
still live vith the results. You'd have a 

bigger confidence interval; but I think the 

value here is the thought process you go 

through. You think about the decisions you 

have to make and where you can get the informa-

tion to help you make them. And if you can't 

afford to do anything more than just go to 

secondary data and talk to some people, at 

least you have considered what the alternatives
 
are and you've obtained the best data that you 

could afford to get.
 

Dr. Jansen: 


I have a short comment on the effect of 

relative price on the purchase of food by the 

target population. At the time they were 

trying to market Incaparina in Colombia, they 

came to the conclusion that it was important
 
to price it at the level of the second cheap
est staple; in other words, if corn was the 

cheapest, the one that would be next to that.
 
I'm not sure if they were able to do that 

because of their costs, and they weren't 

successful. But it does make the point that 

some of the experiences those countries had 

may very well be appropriate now that low
cost technology might be capable of doing 

some of the things they couldn't do then. 


Mr. Nave: 


Marketing is so indiLtinct --it's hard 

to sink your teeth into--so if we sit around 

waiting for the results from all our surveys, 

we will go broke. It seems to me that we
 
have to set some basis for operation even 

when we don't have surveys or knowledge, be
cause most of us are producing things that 

we need to get on the market. We already 

talked a bit about some of the things that 

may be worth keeping in mind, some techniques 

and approaches of marketing which are not 

necessarily based upon surveys but upon 

necessity. How do you actually go out and 

start selling your product whether you have
 
a survey or not? Many of us are in that
 
position. 


Dr. Nichols: 


I think what you're suggesting is that 

we need a kind of handbook on marketing low-

cost extruded foods.
 

Mr. Nave:
 

Yes, or you relay a few techniques 

some people have used that seem to be 

effective so we can start working. We don't 
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have big advartiiing budgets, so welve got 
to get on some sort of a person-to-person 
basis for the popularization of our producti.
We've got to have a certain attitude towards 
the people we are asking to distribute and
 
sell our products, and we have to influence
 
their thinking so that they are motivated and
 
able to go out and sell our products for us-
something that is not normally their practice.
 
A lot of things like this are things that
 
we can do whether we have a survey or not.
 

Dr. Nichols:
 

But going back to Mr. Lorea's earlier
 
point, there aresome useful secondary data
 
for those who are still contemplating getting
 
into it. It takes time to generate the
 
information you need, and you ought to be
 
doing it while you're still thinking about
 
buying that Brady and building that plant.
 

Mr. Nave:
 

I'm not against surveys and getting
 
information, but you have to have something
 
to fill the interim in certain cases.
 

Dr. Nichols:
 

Of course, if you are already in the bus
iness, you're probably the best source of in
formation there is. It is your own experience,
 
and you're generating a lot of information that
 
you store up in your head to draw on to make
 
these decisions. There is no reason why you
 
can't think of that as being a secondary data
 
source.
 

Prof. Amara:
 

Just as a point of information, we have
 
quite a few camps in our neighboring country

with many children receiving milk from the U.N.
 
However, instead of using the product in the
 
country, people are selling it in Thailand to
 
buy rice for feeding their children. This is
 
also affecting our market situation.
 

Mr. Mosha:
 

When we look at market promotion activi
tieswe need to consider who decides what to buy
 
in a particular society. At the same time,

who decides what the child will eat? In other
 
words, where do we aim the prcmotional message?
 

Dr. Niclols:
 

As you indicated itwill have to be
 
addressed to the person in the household who'd
 
making those decisions. We would normally
 
consider that to be the mother and housewife.
 



If that is true in your particular country and 
culture, that is, she is the one who decides 
the way or place that purchasing is done, the 
food is prepared and the family is fed, then 
you would direct your attention toward her. 

Mr. Corea: 


In marketing this is one of the things we 

would like to know, and everyone tries all
 
manner of ways to try to get this information 

as to who makes the buying decision. Surveys 

in many parts of the world have shown different 

results, but I would say that it is a combina
tion of family decisions. It is true that the
 
father has the money, but the mother is gaining 


more importance in the decision-making process. 


They may still not have full equality, but in 


Sri Lanka we have found that where 
food is
 

concerned, where soap and household detergents 

and that sort of thing are concerned, the
 
mother does have a large say in the matter. 

Maybe the father has the say-so as to how much
 
is purchased, but I think where baby food is 

concerned the mother decides, 


WORK GROUP IM TECHNICAL SUPPORT SERVICES 
F. Merton Cregger 

Leader 


GENERAL CONCLUSIONS/RECOMMENDATIONS
 

Our analysis disclosed that there is 

still a great need for technical support 

services. We consider that the program has
 
developed to the stage where it would be 

advantageous to establish a centralized source 

of technical support of broad scope. Such a 

centralized source should provide easy access 

for potential users and develop sufficient 

knowledge of other low-cost processing meth
ods of grains, pulses and oilseed mixtures to 

ensure that there is not too narrow a focus 

on LEC and that the choice of processing
 
methods will be appropriate. 


SPECIFIC RECOMMENDATIONS 


Training 

1. 	Second-generation type of training: 


a. 	Short courses, perhaps to be made 

available as training modules, for
 
managers/supervisors.
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(1) Aspects of plant management;
 
and 	operations
 

(2) Program development
 

(3) Marketing
 

(4) Product development
 

(5) Evaluation
 

b. 	Development of training materials for
 
attendees to utilize in multiplying
 
the training received.
 

c. 	Development of bulletins and printed
materials for dissemination to users
 
and 	potential users--a sort of ongoing
 
exteni sere.
 

Manuals
 

1 	 T 

2. 	Develop system for proper introduction
 
of the manual.
 

Technology Transfer--In a sense, the whole
 
discussion dealt with this issue but ths.:z
 
are some basic comments that should be
 
mentioned:
 

1. 	 Technology transfer is much broader than 
the transfer of a mechanical technique or
 
equipment utilization; it includes manager

ial and entrepreneurial skills, program
 
development and evaluation techniques, sys
tems and concepts.
 

2. 	Emphasis should be on local adaptability
 
and the prospects for maintenance and re
placements by and from local sources.
 

3. 	In order for transfer to take place, there
 
needs to be improved methods of communica
ting an understanding of the technology.
 
In addition to suggestions under other
 
headings, we suggest the following:
 

Establishment of a central place to provide
 
technical support.
 

More work on local machinery adaptations,
 
location of in-country suppliers and local
 
manufacturing of equipment and spare parts,
 
with special emphasis on spare parts.
 

Development of education/promotional mat
erials which would provide summarized and
 
easily assimilated explanations of the
 
system, its potential and the factors that
 
determine suitability.
 



Program Development 


1. 	Feasibility studies. 


2. 	Evaluation methodology not only of plant 

but also of social and connercial objec-

tives and nutritional consequences. 


Plant Design 


1. 	More formalized and detailed plans and 

specifications. 


2. 	Greater optimization of plant equipment 

with possible development of production 

modules.
 

3. 	More work on storage and handling. 


Project Development/Education 


1. 	More work on product shapes, taste improve-

ment and different uses.
 

2. 	More work on packaging technology--both 

equipment and materials. 


3. 	Study of gossypol and aflatoxin deactiva-

tion. 


4. 	Development of additional mixtures and 

optimization of nutritional:content. 


Marketing Strategy 


1. Differentiatiop of strategies. in public 

and private sector programs. 


2. 	Development of low-cost, promotional 

techniques.
 

'Dr. Nichols: 


I wonder if you could expand a little on 

the comment about differentiating between 

techniques for public vs. private sectors.
 

Mr. 	 Cregger: 

We didn't have time to discuss it in great

depth, but there was a recognition that you
recgniion 

can't use exactly the same marketing strategy
 
in both sectors. I think a good clear defini-

tion of those differences--we don't really 

know what they are--would be helpful. 


dept, asbt thre hatyou 


Dr. 	Nichols: 


By "public sector" do you mean giving ihe 

product away free, or do you mean manufactured 


and 	sold by publicly-owned corporation.?
 

Mr. 	Cregger:
 

Principally it's'free distribution, but
 
we were also thinking of its being done
 
strictly by governmental agencies as opposed
 
to a semi-governmental or private agency. If
 
it's a direct function ofa ministry, it can
 
function in one way; if it is a semi-antonomous
 
agency given the right by that ministry to do
 
certain things, theremay be other implications;
 
2nd certainly if it is free vs. purchase, or
 
free vs. subsidized purchase, again you have
 
some differences.
 

Dr. 	Lachmann:
 

You talked about the methodology of pro
gram development. Could you elaborate on
 
that?
 

Mr. 	Cregger:
 

We felt that there needed to be a lot
 

more work on feasibility studies. A lot more
 
R&D work on the project is necessary--getting
 
your objectives and goals clearly in mind,
 
getting your various strategies laid out,
 
testing your assumptions against realities.
 
A well-developed and applied feasibility
 
study, with the proper disciplines repre
sented is going to save a lot of heartache
 
and cost later, so what we are mainly calling
 
for is a Rystematic development of feasibility
 
studies starting from the very concept through

completion of theplant and distribution or
 
marketing of product.
 

Mr. 	Corea:
 

I would like to ask Dr. Harper whether it
 
is possible to reduce the importation of wheat
 
by inserting extrusion plants in the two flour
 
milling facililtes in Sri Lanka, and extruding
 
other cereals with a small percentage of soy
 
to put into the wheat flour?
 

Dr. Harper:
 

I don't think extrustion technology is
 

related to wheat substitution-except where you

"might want to apply a protein fortificaftt-for 	instance, extruding something like full-fat
 

soy flour and adding it to extend the bread
 
and also to nutritionally fortify it. There
 
are techniques, however, to use a variety of
 
other flour materials. There has been work
 
done on cassava and on adding corn and other
 
things to make what they call a "composite bread
 
formulation," which would be in a sense extend
ing 	wheat flour with local flour or ingredients,
thus reducing dependence on imported wheat.
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Dr. Chin: 

The approach we are taking to this, after 
determining that wheat is our largest food 
import, is to look at the potential of the 

Brady to produce something like a puffed break-

fast cereal, a product that has a high profile 

and positive image. Our objective is to re-

duce by 5% the amount of wheat consumed as 

bread with this breakfast cereal and to get the 

same saving in foreign exchange. 


Mr. Bleyer: 


Mr. Fox told us yesterday that 60% of this 

is art and 40% is science The numbers do 

not mean much, but they do make one imagine 

what is involved in these activities: products, 

taste, nutrition--we are speaking about things 

that can't be expressed in exact mathematical 

terms. When we speak about marketing, we are 


. /
 

speaking about an economic and social area 
that involves mathematics but is not a math
ematical science. When we speak about machin
ery and all the things that are involved in 
this area, we are saying that CSU has helped
 
to make this area one of a little more science
 
and less art. Their reports have helped us in
 
one way or another to solve out problems in
 
the engineering field. We hope chat this help
 
and work to make the process more scientific
 
will be continued.
 

Dr. Lachmann:
 

Thank you Mr. Bleyer. Before we have
 
the final remarks, we here at the workshop
 
would like to express our gratitude to its
 
organizers, particularly Ron Tribelhorn and
 
David Wilson. I would also like to thank
 
all the people from Tanzania who have
 
participated in this particular congress.
 

Participants had the opportunity to discuss their activities less formally during a group barbecue 

buffet dinner at the Africana Hotel in Kunduchi Beach. 

271 



Closing Remarks 

Mr. C. Y. Mpupua, General Manager 1/
 

The National Milling Corporation
 
Dar es Salaam, Tanzania
 

I feel honored to have been invited to 


speak to you at the close of this Second Inter-


national Low-Cost Extrusion Cooker Workshop. 


We in Tanzania, and in particular the 


National Milling Corporation, regard it 
a 


great honor that we were requested by the 


U.S. Agency for International Development and 


Colorado State University to host this impor-


tantworkshop which has drawn participants from
 

different national institutions around the 


world. 


As you may know, the Agency for Interna-


tional Development (AID), through a contract 


with the U.S. Department of Agriculture, has 


actively supported efforts to identify methods 


of producing nutritious foods at low costs in 

One such method by which
developing countries. 


this can be achieved is Ehat of extrusion cook-


ing of indigenous cereals and legumes. A 


simple, inexpensive machine within reach of the
 

financial capabilities of developing countries 


that would process and produce a finished 


product retaining all the nutritive values of 


the ingredient foods must be the ultimate 

The Brady
objective of all design efforts. 


crop cooker, which is a simple,inexpensive 


machine designed and tested by USDA and our-


selves in this country, could be one of the 


many such cookers which could be developed as 


an excellent means of making nutritious foods 

We believe, therefore,
and food ingredients. 


that your four days of intensive delibera-


tions and exchanges of experience and views have 


paved the way for further developments of the 
existing extrusion cooker designs.
 

Judging from reports we were receiving, 


the workshop objectives were most certainly 


achieved. The lively discussions conducted 


in this room and outside have confirmed our 


optimism on the success of this workshop. 


We wish to thank you, Mr. Chairman, and the 


other presiding chairmen of the various
 

sessions for the able way you have conducted 


them. 


The scope of low-cost extrusion cooker 


activities, as has been expressed by other 


speakers, is world-wide. We believe that ex-


periences shared among us during the workshop 


will be of immense value to us here in Tanzania 


1/ 

4r. Mpupua's remarks were made on his behalf by 


Mr. Tibenderana, NMC Establishment Officer. 


and other nations. The holding of this work

shop in the course of the internationally

declared "Children's Year" is more than timely.
 

Since the beneficiaries of this technology will
 

be infants, let the "Children's Year"
mostly 

see a further development of this technology
 

so as to produce even more simple and inexpen

sive machines capable of being used as small

scale Industries by people in rural areas.
 

Mr. Chairman, ladies and gentlemen, the work

shop will soon be closing. I wish to take this
 

opportunity on my own behalf and on behalf of
 

my colleagues in the Ministry of Agriculture and
 

the National Milling Corporation to express my
 

sincere appreciation for the kind encouragement
 

us as hosts of this workshop by the
given to 

Honorable James Spain, the U.S. Ambassador to
 

Tanzania. It was through his good counsel that
 

it was possible for Tanzania to host this inter

national workshop.
 

We also wish to extend our thanks to Dr.
 

Steversen, the Director of USAID in Tanzania,
 

whose efforts to secure funds enabled us to
 

fulfill our dreams. Furthermore, thanks to
 

Mr. R. Tribelhorn of CSU for the able manner
 

in which he planned and organized this workshop.
 

It was through his tireless efforts here in
 

Dar es Salaam and back home in the U.S. that we
 

were able to conclude the preparatory task on
 

Last but not least, Mr. David Wilson,
time. 

the Program Coordinator, and Mr. Harshbarger,
 

of the USAID Office in Dar es Salaam, who worked
 

closely with NMC staff to make this workshop
 

a success.
 

A workshop cannot be a workshop 
without
 

It is the active support of you
participants. 

distinguished participants and your contribu

tions during the four daysof discussions that
 

enabled us to make this workshop a success. I
 

wish to thank you all for your respective con

tributions.
 

You are soon going to leave for your re

spective homes. We can only assure you of our
 

having enjoyed your company, respected your.
 

views and shared profitably your experiences.
 

But before you leave, you may perhaps be willing
 

to change your departure plans so as to be able
 

to visit our National Parks to view the game.
 

You are all welcome to do so. Finally,
 

Mr. Chairman, I wish to thank you again for the
 

able way you presided over the workshop, and 
I
 

wish you and all the participants a safe and
 

happy journey home.
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Closing Remarks 

Mr. Ron Tribelhorn
 
Colorado State University


Ft. Collins, Colorado, U.S.A.
 

I have enjoyed hearing the comments of 

everybody who has participated in this workshop.

Through the experiences that have been presented 

here and the information gathered, we have all 

grown in our knowledge of LEC systems, applica-

tions and projects. There are certain individ-

uals whom I would like to single out to 

thank for their continuous help throughout the 

conference: Edwin and Wayne Dysinger, who have 

done a lot of the leg work for us, among other 

things helping us to get our papers printed; 

Mrs. Gail Pate, who recorded all of our comments; 

the U.S. Embassy personnel who have assisted us 

in several matters throughout the conference; 

all USAID personnel who have helped, and es-

pecially Mr. William Miller and staff, who 

provided us with fiscal support services through-

out the conference, and Mr. Jake Harshbarger, 

without whose assistance the workshop would 

not have taken place. Next, I would like to 

thank NMC for agreeing to act as co-host for 

the workshop and the baby food plant personnel 

for putting on an excellent demonstration 

Monday afternoon. Special thanks go to 

Mr. Benedict Nyakunga for coordinating work-

shop activities on behalf of NMC and to 

Mr. Kepakepa for doing an excellent job in 

setting up the tour Monday afternoon. I 

would like to thank all the presiders and 

moderators during the various sessions of the 

workshop. They have done a fine job, as have 

all those who have presented the papers which 

contributed to the betterment of the project. 

I would also like to thank the workgroup leaders 

for performing their difficult task so well;
 
as a result of their good work, we've gained 

some rore understanding as to what needs to be
 
dor- * future LEC activities. Finally, I 

wou: Lt7-,a
to thank AID/Washington for pro-

vidin. -e support for the workshop, as well 

as the Tanzanians for their gracious hospitality, 

Now I would like to ask someone who has worked 

on the LEC project a long time--and that is 

Dr. Harper--for some additional closing remarks, 


Dr. Harper: 


It is important to put these types of 

meetings into perspective. Why are we really 

here, and why is this so important? I think 

all of us have a genuine interest in working 


toward a solution to world food problems and
 
toward world self-sufficiency and development.
 
These are complex, integrated problems; some
times because of the complex nature of these
 
problems and sometimes because of all the
 
inner workings and technological ramifica
tions that are necessary to make things happen,
 
we lose sight of this important factor. Simply

stated, we are interested in producing low
cost foods locally to meet nutritional needs.
 
During this conference we have discussed what
 
we mean by low-cost, what we mean by appropri
ate, etc. Let me read parts of this letter--

I think it puts everything into perspective-
which is signed "Concerned Mother" and which
 
appeared in the "Daily News" of Dar es Salaam
 
today. It's from a mother who echos the
 
concern of mothers all over the world to feed
 
their children nutritious foods at a price

they can afford. And it asks how can we do
 
this? It says meat co3ts 20 shillings/kilo;
 
fish, 20 shillings/kilo; green peas, 15 shil
lings/kilo; eggs, 30 shillings/tray; beans,
 
6 shillings/kilo; tomatoes, 8 shillings/kilo;
 
onions, 7 shillings/kilo; and baby foods, 15
 
shillings/kilo. These are some typical prices
 
given, and our experience in Tanzania using
 
LEC technology is that it produces foods at
 
less than 4 1/2 shillings per kilo, so we
 
really are talking about a low-cost, nu
tritious and appropriate food. I think this is
 
really what we are all about, and I want to
 
congratulate everyone who helped make this
 
enlightening workshop possible. Thank you.
 

Mr. Crowley:
 

On behalf of the sponsors, AID and USDA,
 
I want to thank you all very much for being
 
a part of this workshop. During the course
 
of this week, I've talked with quite a number
 
of you about your attitudes toward the work
shop--whether it was useful or not--and there
 
was a consensus that this workshop, like
 
the earlier one 2 years ago, was a valuable
 
addition to your experience and that you derived
 
a great deal from it. I think this has come
 
about because of the hard work done by a
 
number of people, the people at CSU and, perhaps
 
more important, the work of you who have been
 
participating in the program over the years.
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I 
of pride in 

think you can take a great deal 
I hope that in another 


the results of your work. 


two years or so there will be another 
work

shop where we can get together 
to see what we've 


learned as a result of the activities planned 


at this one. 


Mr. Camacho: 

I would like to make a reflection 
on be-


All of us know the problem
half of all of us. 


of malnutrition, and now 
that we have one of
 

the solutions to this problem, 
we cannot go 


For myself and for my country,we 
will 


back. 

go forward, fighting with 

this technology to 


Thanks 

help solve the problem of malnutrition. 


the Tenhere and articularlyto everybody 
zanlian people.
 

Mr. Nyakunga:
 

happy thatthis
We Tanzanians are very 

useful seminar has been held in our country.
 

We wish you well and hope 
you have enjoyed
 

your stay in Tanzania.
 

Mr. Tribelhorn:
 

With that in mind, I think 
we can now
 

close the Second International 
Low-cost Ex

trusion Cooker Workshop, and 
I thank everyone
 

for his or.,her participation and 
continuing
 

support.
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Santa Rosa, California 95404 


Mr. Charles Alexander 

Economic Analysis Advisor
 
National Milling Corporation 

P. 0. Box 9502 

Dar es Salaam, TANZANIA 


Mr. Rigoberto Alvarado 

Ministry of Natural Resources
 
Government of Honduras 

Tegucigalpa, HONDURAS 


Prof. Amara Bhumiratana, Director 
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P. 0. Box 160 

Georgetown, GUYANA 


Hotel Kilimanjaro
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Mr. Wayne Fou, President 
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Mrs. Abeba Gobezie 

Head of Nutrition Department 

Ethiopian Nutrition Institute 

P. 0. Box 5654 
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Mr. Earl Goodyear
 
Thriposha Project Director 

CARE/Sri Lanka 

P. 0. Box 1024 

Colombo, SRI LANKA 


Mr. Armando Camacho Griensen
 
Director 
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Department of Agricultural and 


Chemical Engineering 

Colorado State University
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American Embassy 
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Dar es Salaam, TANZANIA 
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County Director 
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San Josh, COSTA RICA 


Mrs. Mwamimi Jana 

National Milling Corporatior 

P. 0. Box 9502 

Dar es Salaam, TANZANIA
 

Dr. G. Richard Jansen;,Head
 
Department of Food Science
 

and Nutrition
 
Colorado State University
 
Fort Collins, Colorado 80523
 

Mr. Edward Kalundwa
 
Field Representative
 
USAID/Tanzania
 
American Embassy
 
P. 0. Box 9130
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Mr. Venant Kepakepa 3/
 
Acting Plant Manager
 
National Milling Corporation
 
P. 0. Box 9502
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Office of International Cooperation
 
and Development
 

USDA
 
Room 3919, South Building
 
Independence Ave. & 14th St., S.W.
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Mr. Hamis M. Lukoo
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P. 0. Box 977
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Mr. Aleck Mosha, Director
 
Food Science and Technology
 
Tanzania Food and Nutrition Center.
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Research Association
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Texas A & M University
 
CollegeStation, Texas 77843
 

*Presently on sabbatical leave at the Department of Food Engineering and Biotechnology;
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Georgetown, GUYANA 
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Department of Scientific Affairs 
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Chemical Engineering
 
Colorado State University
 
Fort Collins, Colorado 80523
 

Mr. David Wilson 4/
 
Nutrition & Agribusiness Group
 
Office of International Cooperation
 

and Development
 
USDA
 
Room 3919, South Building
 
Independence Ave. & 14th St., S.W.
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these proceedings.
 

2/ 
Although Dr. Salazar de Buckle was Unable to attend the workshop, her formal paper is
 

included in these proceedings.
 

3/
 
Mr. Kepakepa is employed by the Tanzania Food and Nutrition Center and is on assignment
 

to the National Milling Corporation.
 

Q/
 
Mr. Wilson is employed by Colorado State University and is on assignment to USDA. 
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PROGRAM
 

SECOND INTERNATIONAL LOW-COST EXTRUSION COOKER WORKSHOP
 

Sunday, January 14
 

7:00 - 8:30 p.m. 


Monday, January 15
 

Horning Session 


8:45 - 9:00 


9:00 - 9:10 


9:10 - 9:20 


9:20 - 9:25 


9:25 - 9:30 


9:30 - i50 

9-50 - 10:15 

10:15 10:35 


10:35 - 10:55 

Registration/Mixer
 
Executive Room, Kilimanjaro Hotel
 

Dr. G. Richard Jansen, Presiding
 
Department of Food Science and Nutrition
 
Colorado State University
 

Late Registration
 

Welcome - Dr. G. Richard Jansen
 

Welcome -


Opening Remarks -


Opening Remarks 


Inaugural 
Address 


Coffee
 

"An Overview of
 

-


-

the AID Nutri
tion Program" 

"Transferring
 
LEC Technology
 
to Developing
 
Countries: F'om
 

Department of Food Science & Nutrition
 
Colorado State University
 

Hr. Johnson Kihampa
 
Executive Chairman
 
The National Milling Corporation
 

The Honorable James Spain
 
U.S. Ambassador
 

Dr. Howard Steverson, Directoi
 
USAID/Tanzania
 

Hr. S. A. Madallali
 
Principal Secretary
 
Ministry of Agriculture
 
United Republic of Tanzania
 

Dr. Albert Henn
 
Health, Nutrition & Population Officer
 
USAID/Tanzania
 

Concept to Appli
cation and Beyond"
 

- Hr. Paul R. Crowley 
Nutrition & Agribusines Group 
Office of International Cooperation &Dev. 
U.S. Department of Agriculture
 

281 



i0z35- Uas5 Topical Speech: 
"LEC Technology 
Where Does It Fit?" 

- Dr. Judson M. arper 
Department of A gricultural & Chemical 

Engineering 
Colorado State Jniversity 

Country Reports
 

11:15 - 11:35 Bolivia - Mr. Pedro Bleyer
 
NUTRINAL
 
Santa Cruz, Bolivia
 

11:35 - 12:00 Discussion
 

12:00 - 1:30 Luach
 

Afternoon Session - Mr. Benedict Nyakunga, Presiding 
The National Milling Corporation
 
Dar es Salaam, Tanzania
 

1:30 - 1:35 Introductory
 

Remarks
 

Country Reports Cont
 

1:35 - 2:20 Costa Rica - Dr. Guillermo Chaverri
 
Social Development & Family Program
 
San JosA, Costa Rica
 

- Mr. Delbert Clark
 
PRONUTRE
 
San JosA, Costa Rica
 

- Mr. Justin Jackson
 
CARE
 
San Josh, Costa Rica
 

2:20 - 2:50 Tiania - Mr. Hamis Lukoo
 
Tanzania Food & Nutrition Center
 
Dar es Salaam, Tanzania
 

/
 
- Mr. Venant Kepakepa 
The National Milling Corporation 
Dar es Salaam, Tanzania 

2:50 - 5:30 Tour of the National Milling Corporation
 
"LISHA" Baby Food Plant
 

Tuesday, January 16
 

Morning Session - Dr. Alvin Siegel, Presiding
 
INTSOY International Soybean Program
 
University of Illinois at Urbana-Champaign
 

Mr. Kepakepa is employed by the Tanzania Food and Nutrition Center and is on assignment
 
to the National Milling Corporation.
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:30 - 5635 Introductory
 

Remarks
 

8:35 - 8:35 Discussion of Plant Tour
 

8:55 - 9:15 "The Food for
 
Peace
 

Program" - Mr. H. Peters Strong
 
Regional Food for Peace OffiCer
 

SAID/Kenya
Discussion
9:15 - 9:30 


Country Reports Cont'd
 

9:30 - 10:00 Guyana - Dr. Leslie Chin 
Mr. Vickram Oditt 
The Guyana Pharmaceutical Corporation
 
Georgetown, Guyana
 

10:00 - 10:15 Coffee 

*0:15 - 10:35 Honduras - Mr. Rigoberto Alvarado 
Ministry of Natural Resources 
Tegucigalpa, Honduras 

10:35  10:55 India - Mr. Robert Nave 
Soy Production & Research Assoc. 
Bareilly, India 

10:55  11:15 Indonesia - Mr. AtJeng Muchlis 
Institut Pertanian Bogor 
Bogor, West Java, Indonesia 

11:15  11:35 Korea - Dr. Walter Bray 
Meals for Millions Foundation 
Santa Monica, California 

11:35 -12:00 Discussion
 

12:00 4i30 Lunch
 

Afternoon Session - Mr. Hamis Lukoo, Presiding 
Tanzania Food & Nutrition Center 
Dar es Salaam, Tanzania 

1:30 - 1:35 Introductory 
Remarks 

135 - 2:05 Topical Speech: 
"Nutritional 
Aspects of the 
LEC Program at 
Colorado State 
University" - Dr. G. Richard Jansen 

Department of Food Science & Nutrition
 
Colorado State University
 

2:05 " 2:25 Discussion
 

Country Reports Cont'd
 

Mexico - t. Armando Camacho Griensen2:25 - 2:45 

Center for Technological Research
 
and Assistance
 
Chihuahua, Mexico
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L - 3:05 Philippines - Dr. Ignaclo Pablo 
Philippine Imt. of Nutrition 
Food Science & Technology 
Philippine Women's University 
Manila, Philippines 

3:05 - 3:20 Coffee 

3:20 - 5:30 Panel Discus
sion - "Characteristics of LEC's and 

Manufacturing Experiences" 

Moderator - Mr. Alden Ackels 

Panelists - Mr. Wayne Fox 
- Mr. Hank Sterner 
- Mr. Ron Trlbelhorn 

Wednesday, January 17
 

Morning Session - Dr. Ignacio Pablo, Presiding
 
Philippine Inst. of Nutrition,
 
Food Science & Technology
 
(PINFST)
 
Philippine Women's University
 
Manila, Philippines
 

8:30 - 8:35 	 Introductory
 
Remarks
 

3:35 - 8:55 Topical Speech:
 
"Commercial
 
Marketing of
 
LEG 	 Foods" - Dr. John Nichols 

Department of Agricultural Economics 
Texas A & M University 

8:55 - 9i15 Topical Speech:
 
"Commercial Thri
posha Consumer 
Acceptance Test -

Analysis of 
Principal Find
ings" - Mr. Nihal Corea 

Lever Brothers
 
Colombo, Sri Lanka
 

9:15 945 	 Discussion
 

9:45 - i0:00 	 Coffee 

Country Reports Cont'd
 

10:00 - 10:30 	 Sri Lanka - Dr. Beatrice De Mel 
Ministry of Health
 
Colombo, Sri Lanka
 

- Mr. Earl Goodyear 
CARE Thriposha Project 
Colombo, Sri Lanka 
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1030- 10:50 Thailand - Professor Amara Shualratena 
Inst. of Food Research & Product 

Development (IFRPD) 
Kasetsart University
 
Bangkok,'Thailand
 

10:50  11:20 U.S.A. - Mr. Ron Tribelhorn 
Dept. of Agricultural & Chemical Engineering, 
Colorado State University 

11:20  12:00 Discussion 

Afternoon Free for Private Discussion
 

Thursday, January 18
 

Morning Session 
 - Dr. Fernando Sanchez Arellano, Presiding
 
Dept. of Scientific Affairs
 
Organization of American States
 

8:30 - 8:35 Introductory
 
Remarks
 

8:35 - 8:55 Topical Speech:
 
"Management Consid
erations in LEC
 
Enterprises" 	 - Mr. Alden Ackels
 

Santa Rosa, California
 

8:55 - 9:15 
 Discussion
 

9:15 - 9130 
 Coffee
 

9:30 - 9:35 	 Introduction to Work Groups
 

9:35 - 11:30 
 Work Group Discussion - Topic: "Identification of
 
Future LEC Activitites"
 

16 Group -I- Process - Mr.Justin Jackson, Leader 
CARE/Costa Rica 

2, Gro p I - Product - Dr. Lesie Chin, Leader 
Guyana Pharmaceutical Corp. 

3i Goup III -Marketing - Dr. John Nichols, Leader 
Texas A & M University 

4&1 	 Group IV - Technical 
SUpport Services - Mr. F.M. Cregger, Leader 

CARE/New York
 

11:30 - 12:00 	 Report Preparation
 

12:00 - 1:30 
 Lunch
 

Afternoon Session 
 - Dr. Alfred Lachmann, Presiding 
Nutrition & Agribusiness Group
Office of International Cooperation & 
Development 
U.S. Department of Agriculture
 
Washington, D. C.
 

1:30 - 1:35 
 Introductory
 
Remarks
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1:35 - 1:55 Topical Speech: 
"Evaluation Pro
tocol of LEC
 
Demonstration
 
Projects" - Mr. Ron Tribelhorn
 

Dept. of Agricultural & Chemical Engineering
 
Colorado State University
 

1:55 - 2:15 Discussion
 

2:15 - 3:45 Work Group Leaders'
 
Reports & Discussion
 

3:45 - 3:55 Closing Remarks 

3:55  4:00 Clusing Remarks 

2/ 

Mr. C. Y Mpupua2 /
 

General Manager
 
National Milling Corporation
 

Mr. Ron Tribelhorn
 
Dept. of AgriculturalS Chemical Engineering
 
Colorado State University
 

Mr. Mpupua's remarks were presented on his behalf by Mr. Tibenderana of NMC.
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Appendix N 

WORK GROUP GOAL. OUTLINES AND ENERS 

WORK GROUP DISCUSSION TOPIC:
 
"IDENTIFICATION OF FUTURE LEC PROGRAM ACTIVITIES"
 

Goal of Work Groups 


Within the four categories to be discussed 

(i.e., Process, Product, Marketiag end Tech-

nical Support Services), which specific ele
ments require improvement or additional work? 

What kind of improvement or work is required
 
and why? How might it be done most economical-

ly within the context of low-cost technology? 


(If, in a group's judgment, elements have 

been omitted, add them to those listed and 

apply above questions.)
 

Group I: Process 


A. 	Pre-processing--cleaning, dehulling, wash-

ing, screening, etc. 


B. 	Processing--extrusion, cooling, grinding, 

conveying, blending, etc. 


C. 	Post-processing--fortification, eqrobing 

and coating, packaging, etc.
 

D. 	Miscellaneous--maintenance, spare parts,
 
quality control and assurance, sanita- 

tion, plant operation and design, finances,
 
procurement, etc. 


Group Members 


Justin R. Jackson, Leader 


Delbert Clark 

Earl Goodyear
 
Hank Sterner 

Ron Tribelhorn
 
Walter Bray 

Wayne Fox 

Venant Kepakepa 

Guenther Hoemer 

Benedict Nyakunga 

Vickram Oditt 

V. S. Sharma 

Ms. Rutabanzibwa 


Group II: Product
 

A. 	Nutritional requirements and nutritional
 
evaluation.
 

Y. Definition cf county-specific needs.
 

2. Evaluation, including digestibility and
 
availability of nutrients.
 

B. 	Formulations with different raw materials
 
for ingredients.
 

1. Cereals--corn, wheat, rice, millet,
 
sorghum, etc.
 

2. Legumes--chickpeas, cowpeas, bean
 
varieties, etc.
 

3. Oil seeds--soy, peanut, cottonseed,
 
sunflower.
 

4. 	Fats and oils--vegetables oils.
 

5. 	Vitamins and minerals.
 

6. 	Other--e.g., coconut.
 

C. 	Development of country-specific recipes
 

D4 	 Miscellaneous--sanitation, packaging,
 
storage, acceptability, quality control
 
of ingredients in final products.
 

Group Members
 

Leslie Chin, Leader
 

Amara Bhumiratana
 
Alvin Siegel
 
Beatrice De Mel
 
Ignacio Pablo
 
Alfred Lachmann
 
Aleck Musha
 
Hamis Lukoo
 
Mwamimi Jana
 
.H.Peters Strong
 
P. W. Dysinger
 
Abeba Gobezie
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OrOsP 111: rketin. 

A. 	Distribution of LEC foods to conmercial 

channels.
 

1. 	Considerations in defining marketing
 

strategies: 


a. 	Pricing considerations (degree of 

subsidization, if any)
 

b. Packaging 

;C. Promotional activities
 
d. 	Factors influencing selection of 


distribution channels
 
e. 	Product characteristics (functional 


and sensory)
 

2. 	Evaluation and research considera-


tions: 


a. 	Study of consumption patterns 

b. 	Consumer acceptance
 
c. 	Marketing testing
 
d. 	Image of domestic 'roduct vs.
 

imported product 


B. 	Selected factors of above relating to 

existing or planned redistribution systems. 


Group Members 


John Nichols, Leader 


Robert Nave 

Guillermo Chaverri 

Nihal Corea 

Armando Camacho Griensen 

Pedro Bleyer
 
Paul Crowley
 
Charles Alexander
 
Albert Henn
 
F. Shoo
 
L. M. Kimati 
F. Kingamkono
 
J. Baseka
 

Group IV: Technical Support ServiCes 

A. 	Training
 

B. 	Manuals 

C. 	Technology transfer
 

D. 	Financial planning
 

E. 	Program development
 

F. 	Plant design
 

G. 	Product testing
 

H. 	Marketing strategy
 

I. 	Problem-solving for all elements in
 

Groups I through III
 

Group Members
 

F. Merton Cregger, Leader
 
Judson . Harper
 

Rigoberto Alvarado
 
Fernando Sanchez
 

Atjeng Muchlis
 
G. Richard Jansen
 

Alden Ackels
 
Jake Harshbarger
 
Edward Kalundwa
 
A. M. Hiluka
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