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Preface

Agricultural and food technologists in the United industry, have resulted in a clear demonstration of
States and elsewhere have been applying the extrusion the feasibility of transferring tile technology to
technique of processing foods for animal and human developing countries. Extrusion equipment has been
consumption for several years. lowever, It is only or is being tested to produce low-cost nutritious
very recently that investigation of extrusion equip- fcods in India, Tndonesia, Kenya, Bolivia, Sri Lanka,
ment's applicability to mother-child nutrition pro- Guatemala and Costa Rica. )tier countries interested
grams and commercial production in less developed in or already developing programs include Honduras,
countries (LDC's) has been undertaken. Chile, Tanzania, Mall, Pakistan and The Philippines.

Low-cost nutritious foods produced by extrusion
In order to transfer Luccessfully to LDC environ- cookers are presently consumed by nutrition program

ments, we recognized that the extrusion cooking system beneficiaries in Bollvia ("Maisoy") and Sri lanka
must be low cost; must require a suitable level of ("Thriposha"), and acceptability tests among similar
technological capability; must be able to process groups are underway or planned in Honduras, Ecuador,
indigenous cereals or legumes; and must produce a Panama, Kenya and Tanzania.
food high in nutritional quality which is acceptable
to consumers.

In view of the interest generat,.d by this program
Accordingly, in October 1974, the Office of and the great strides made in adapting low-cost extru-

Nutrition of the Agency for International Development sion cookers to local conditions, it was fitting--
provided funds through the U. S. Department of Agri- indeed necessary--that AID, USDA anoi CSU cosponsor
culture's Nutrition and Agribusiness Group to Colorado a workshop to serve as a forum for sharing experiences
State University for the purpose of identifying sys- to date and planning for future activities. It is
tems meeting the requisite criteria. In less than two our pleasure to transmit to you herewith the formal
years these combined efforts, together with the co- proceedings of that workshop and to encourage your
operation of private voluntary organizations and comments and questions.

Judson M. Harper, Head Paul R. Crowley, Director

Department of Agricultural Engineering Nutrition and Agribusiness Group
Colorado State University USDA/ERS

G. Richard Jansen, Head Irwin Hornstein, Deputy Director
Department of Food Science and Nutrition Office of Nutrition
Colorado State University TAB/AID
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Opening Remarks

I want to welcome you to the Low-cost Extrusion the workshop will prove educational, informative, and

Cooker Workshop. I am Jhul Harper, Head of the Depart-- helpful, and we have gathered, as you can see, people

ment of Agricultural Engineering, and I have been from all over the world who have an interest in LEC's,

heading a project on how-cost Extrusion Cookers We believe LEC's to be a very important subject, and

(LEC's) at Colorado State University funded by the we ask you, as participants, to not only listen but

All) Office of Nutrition through the USDA. You will to contribute extensively in the workshop discussions.

meet the rest of our CSU staff who have been involved There also will be ample time for people to get

in this work as the meeting proceeds. We hope that together formally and informally to discuss topics

concerning LEC's.

Objectives of Conference

Judson M. Harper

Department of Agricultural Engineering

Colorado State University

Fort Collins, Colorado

Extrusion is believed to be an important food to focus on those activities and to better define

processing technique that can be used to produce program directions and needs. The objective of the

nutritious foods for people, particularly those in conference will be a two-way interchange of informa-

developing countries. The technique could be used by tion. Specifica.ly, we will be examining AID's

local people to process indigenous grains and legumes nutrition program and the part low-cost extrusion

into nutritious foods. All) and the United States cooker technology plays in it. We also will be dis-

Department of Agriculture have been working on these cussing in detail the research program and work being

techniques and have been invest igat il, possibilities done at Colorado State University. You will have an

for their application for a number of years. With opportunity to see the LEC machines in operation, and

their support, Colorado State University--starting for some of you that will be a first-time experience.

with a project in October of 1974--has been working Additionally, we will hear about specific countries'

with two extrusion machines which are low-cost. Part programs--what they are intending to do and ways they

of our objectie has been to use them; to understand could fit this particular technology into their pro-

their operating capabilities; to eXamine the nutri- grams. Finally, on Friday we will divide into four

tional parameters of foods produced; and to look at working groups to discuss additional food applications

the food science or functional parameters of the of this technology that need to be investigated; fur-

extruded foods. It has ben an interdisciplinary ther research that is required to improve the manufac-

project at CSU, involving faculty and staff in the tiring operations; program assistance needs in order

Department of Agricultural Engineering and in the to bring LEC programs into fruition; and evaluation

Department of Food Science and Nutrition. needs of products made by LEC's, both from the nutri-

tional and the food science points of view. Are there

This workshop is a focus on LEC activities done any questions on procedural items of interest to the

at CSU and overseas. We have brought people together entire group? If not, let us proceed.

I



Welcome

A. R. Chamberlain

President
Colorado State University

Fort Collins, Colorado

It is my privilege to welcome each of you to " .
Colorado State University and to share with you some I
comments on three different topics:

1. Tell you a little about the institution that
is serving as your host.W.

2. Make a few comments in regard to the national
land-grant system and Its aspiration for
involvement in international affairs.

3. Add a few more comments in regard to
interdisciplinary research. .- "

Let's take the first topic. , " .

Colorado State University is a land-grant insti- j,
tution operating under a master plan that put it In a".
mode of controlled growth. As we went into the late ....

1960's, we terminated the idea that we could try to be 7, -
of srvic to ll popl under all circumstances. o~~'

the university's plan encompasses a resident inst ruc- - _
tion program, the Experiment Station program, the
Colorado State Forest Service, the classical Coopera- Lory Student Center Plaza
tive Extension Service, and then a multiplicity of
private, non-profit corporations which we created for
the conduct of specific activities.

As we look forward to the future, then, institu-
Within these particular activities, we are work- tions such as this university have to presume four

ing on the presumption that the ultimate size of the primary sources of support, none of which will con-
university will be 20,000 students. So all of the stitute as much as 50 percent of the whole. The
physical plant that you see and enjoy, and the support system is therefore a pluralistic one, and you must
services linked thereto, are dedicated to permitting keep more constituencies happier than ever before in
the university to grow only about another 2,000 history.
students.

You have the private sector that is increasingly
It may interest you to know that we have not significant to the public as well as to private insti-

increased the size of the freshman class at CSU in tutlions; state support that is a decreasing percentage
more than a dozen years, and we have no intention of as a whole; your student clientele which is providing
changing the size of the freshman class at any time in an increasing percentage as a whole; and contract and
the future. CSU is an institution, then, with a grant funding that is staying about the same as a per-
growth plan, and it is adhering to the plan in ful- centage, but in absolute dollars it is increasing. I
fillment of most of its missions, have outlined not only CSU's system but what, to some

extent, is typical of the land-grant and state univer-
Where does the money come from for such an insti- sity system of about 138 major universities enrolling

tutlon as this? We are no longer state-supported. We more than three million students in this country.
are now state-assisted. What that is actually saying
is that less than one-third of the university's budget Let us talk specifically for a moment about the
comes from state taxes; more than a third comes from role ot land-grant colleges and universities in inter-
student tuition; and about a third comes from contract national affairs. Tile role of land-grant institutions
and grant resources, with L modest amount derived from internationally, of course, made a major impetus
private funds. The typical idea that faculty have after World War II. All of us, in one way or another,
had--that resident instruction money is hard money-- have had some involvemett as institutions during that
is false. Across the land, the hard money now is con- approximately 20-year period from 1947 to 1967; but I
tract money and student money--tuition. Soft money is think most of us would look back and say that our suc-
your state money. Face up to that circumstance, cesses were pretty few and quite mixed, although they
because it is going on in practically every state. presented a tremendous learning experience.
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Now, in the process of international institution- of agriculture or ministries of agriculture, education
building, a 20-year time frame to learn while laying and interior in foreign lands. This new concept will
the foundation for new opportunities and new ways to work in a way that will permit universities, for the
solve problems Is not unusual. And the purposes of first time, to interact with our international col-
this conference, I suspect, will really be fully seen leagues with a lessening of the protocol formality of
15 to 20 years from now, althouph you will see some the old United States Overseas Mission (USOM) and theprogress in tlhree to five years. But the institution- bureaucracy that seemed, from the university's point
building of full sc I ;al acceptai--e of the better parts of view, to sometimes help but many times hinder
of your ideas tay he 15 to 20 years l building. program accomplislment.
Well, that is also true in this arena o1 universities
participating o it internath onal affairs. The last point of Title XII is that there appears

to be real money for it. Usually, we have had grand
authorizations to do things, but no funds. We think
that, this time, there will be money and that we then
can look forward to two new social structures, which
have come into heilg, that will permit United States

*, (-. .niversities aiid colleges to play a larger role in
internatinal relat ius;hips for good and sufficient
reason. And that is why tie land-grant state univer-
sities and colleges have put forth all of this effort
and [l;lve hecolnw Inlvede].

St hi nk all o it s perce ive that t ite reason for
t r ,in g to cre t;iLt ILeSe social institutions is heavily
orien ted to i iU't ; lot ,piarien during the
first 20 v(-ars t Ihi-t I was; al luding to, tie post-World
War I I per iod. Iuring that time span, there still wasa lot of fiee ling, that, if we in this country wereS-)c OoSe to do So, We could 11sIt blild a wall aWrund

j our so IeVS, go Oil lbhilt ilr bIS i(ness iii our own blood
, .7 wiv aiiil i :,, ihie r0-st of thie world. But in recent

[ ye'ars;, it Aii. ho-; t.iiiuilldi It y i VI',1 that this course

of ulct iou llulllot be. It iatniot be, ii It lust for
!s cihal hii171- isti I t-.i;lli , but It i:;llluait be for
ecoioui c and t echnlogic reasons eitier

So, g iven that it i; jii initerdependent world--
Morgan Library and there is no way it can be hiaidled otherwise--our

un iversit ies Ive t r iled to .t' ep for.:.ard and increase
their role oii on internatloual bIhas Is. Our high. tech-

From tltosv 20 Veirs of learning, we have cOmne tip nouogy iiudust ry require. lillerlS ill I evels that call-
uit this country with two muajor niew intiatives whi':h I 1ot cotnceivably he pro vited witlhin oir own borders, as

believe portend a verv s istlnit ial shift for the rest just o2e exaiiple L tl olOlOli(- interdependence. Aside
of this ceuturv fli teie role of land-granit state tul- from the iydrocatrboii issue--sod shOVe and beyond the
versitles part lculrly, lod oilier iuliivrsities and social UieCessitv, a., MOSt Oif use Would view it, of
colleges; to ;ont .x t ea , i lo inst olltmaI a ffhiairs. Ilielpinh with tith LoLd sill c oui atill iesIM for tieworld--we are it iin aretna ol interdependence.

The fii st of tIhe.. is ii otglillizLIoll oi f which
some of voi are ;iw;trt, It i!; the A;sic fat ion for
lIternat ional Coopp rit i on iii Highlder Idu-at ion and
Research (AIllIl:R). Th iCHERrt ,1c0 Of this organiza-

iou1 Is th-i it I I iuka 1 [1i liii- Oi-l f t1ut higher
education c lliuni itv in thi; Oilitl y- with tlie sole
obectilve of eiili;iitI up oilr -'ip-ic[Lv to initeract around
the world, alirt Il ailv In cdllit Ioul ai fiJ rs. That
It has cred lbi litv I!; i. npl Ifitd I- v tit, fact that its ' AW '
chief executive is a mati nimeil Fred Harr ington, a
seiiir ietrs ou wit Ii iUi V ve rs t , it o <ier leuce it tie V !

Universi ty of1,Wi scoos fii who, wii I l he suipportedillii his
role as cli ef execIIt Iv h)v t ie Forl Fi iiutdat lon . So

oIi r e I s a Fo rd( Fotitii a t li o uui im tumuiet , and ( th Ie r e I s I
commitment by 111 eXper a-,a id per soll .

fitt probablI v oIl even gro- t er s ign if I catce is tie
so-cal led Tit It- Xl I of thI AtiC-uyV ftur I nternat iouuaI
Developmeunt (All), TlIt Iev XII to a'; Is a new iIt Is -
tie because for the first time it gratis major
authority over a sector of federal agency funding to
a university cit izetn governifln board. The appoint- - .
ments to this board have beeui subiliittedl to President ',--- -------.

Ford.

The importance is that Title XII permits a new ,,
form -)f relationship between universities in this .,
country and either universities, colleges, departments Solar House on Foothills Campus
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There is not going to be any energy independence, vw ,i.
or independence in any other area, so far as I can 77, , .,' . ,
see. What that says is that, as we go beyond AICIIER ,-)l '1 ,.. , ,
and Title XII and go beyond the United Nations, we go .. .K.' ,,  .
beyond our own individual sovereignties. I tlink that
what we will see by the turn of the century is what "
one might call a new planetary bargain--a new social
institution that would succeed the United Nations just
as the United Nations succeeded its predecessors--a
new social structure that would he less predicated on
the sovereignty of nationalistic pieces of geography
and people and more based ol the necessities of social
and economic interdependence.

If that is go ing to happen, how are we going to
promote it'? One of the reasons you are here is, in
effect, associated with promoting it. That is, te Fi
conduct of interd lsc ipLinarv research conveys with It, hoc~VI 1 P~ 1 J
pretty near automat icall lv, new ordering among the.. , -'-
intellectual community across disc ip i nes in ways
which are setting the structures to accept for all of .
Us the fact that we are ;i1 inttrdepedlenht grollip, ____-__.._

intellectual ly as well a Soc ia Iv ind OtoOlcl ci , ly.
On our campuse:i, however, that tvpicil ly tale's a more
mundane form of itnterdisciplinav task groups and so 0.,.
on; hut I would suggest to you that , AS you debate -
among yourselves, vou think .h)I tt tiLe sOc ial framework
in which int rdisc ill i arv rtel it to sl ips actualIv need ..
to ie constru ted. Then Wou woulo l hivea I tilMework '.,.
for why you want inLel rdisciplitlary St [lt, urs to be
created. It i; mole thin lurelv the fact that a Engi erring Building
technological problem is too romlpl i rated flor a sinIle
disc ipl tine to handle It Vp ica 1 I. There are HIuiian,
social institltiullil eisOen'; is well.

On tile campuses, tvpicaiily I Ike emany others, we appointed as a professor in physiology, and between
have used an orietit fllt that says: Let s define a tile Departments of Agricultural Engineering and Food
task, such as; the task of this; particular conference Science anld Nutrition we have examples of those kinds
associate(] with your extrusion technolo v. Once we of interactions.
define the task, we then bet, it' to constriict a frame Of
reference for tlie scope If disci p lines needed to carry But what is the driving forte behind all of them?
it nit. So one of the typ Icll tlilogs we o Oil aI cam- I suggest that, when we talk abut lit c'rdiscipIlnarv
pus now is to build l l soime extelt fro;tm tile m:laigemellt research actrivi le.; Ittin:ing iltternatiotil or)anzli-
style of tile space indtstrv, to talk tasks ind then tions, private voliatarv orgiiiizations, orei',lli guy-
select the people' Irom tct-lllOlll'ts to 51'iolol; to eili- ernmeats and [t itti'd States col leges atlad l iv ers it ie's,

neering to ph'5sics an I'htolltt v to io th Ill. "I'lit has thIre still i; OtL'it driviti for 'e, itid thiat is tilt,
opened up new doors ofIll I t'l-( hiaige imltnir facultv o all I Iu (Ifillit 0 i LL'N' ti)l tie 11li('0 l Ti. hc1t I it i task.
the campus. It is so I t is sIT cl 'risiig' what tiIv lilt I lh)e'vitt' ,l% ca1O' t; ti' ilnti; tt, r t tit ' at1'l ' i m Ils( lite t of
accomplish, but it is; also sOe 'tilac's I 'V'itling as to a1 task will I fitl th lt1l' i ll t ctull l communI'i l itV l',v tat-
what they lav (ii1 tilt tabl -- thills ti-t 1ti h't i 1  110t ' liy tow rd it t , .ic',mplish thit 1lirt tl aiul task.
because of people. Now, I don'tl11 ' wi' w l liii' that wsui-','";ts t lit .i' are

gi''ed v oir a111 tllill' ttf that lhittlrt; lit I wat1t t
Perhaps moi-' iliipirttnt thian tic task Oricitit to cIllptIlSiZe thi t ,'li 'II \'Uti W1illt ';llie ithill5 ;i'I(illlplII sted

of faculty between depirtmtietnts otl , clilITptis is tlt' tlh lr' isn't t1y sib'; I tiit I' r !( i jnjcting tilt' driving
social Ilstitut il l creationll 'I Oew types (of Cola- t ic' know I . ill l i,,tin (it 1't0t'v illd fit ttitnliti of
sortia. All of US i' are cqtilititctd with the Itidivid~ltI task, ilnd the'tl th' ' t;t ill 'IS- c'ii lic' to lltv' ill
consortia -Oilsttl't is of the last 20 years, but new aind get tIte job donl e.
ones now are l' 1illi t, into creii i ti hat ic' I rallic'd di f-
ferently--hri-I Ing -I'i ICtcd si tS of InOst itutt Ions Let Me close my welcoIsit ,, 'hi 'rkt; to you Iy
together, rathe'' thit hn ti itik that they should be sharing tle thought that Ihe ch tcrc'--typl'ally
an amalatmti of the wt' -ld. "'liest' iI'w irrangemc'nts perhaps even more ti tititile Stiltci-t llhlt tel itself -- Is
involve tile I inking of whole inst i tt tions wher'eb twol, a great opportlunitv t,_ lvelop trw personatl I 'elation-
three, five ;Ind o'c'ls ioiti Iv is latty is •'5 or 'f ire ships across both state itnid natiilal bondrl' Is.
being brought tiilet erl i' igai ll' tnd a speciffi ttsk, Tiose relationships contl'titute tlt' foulldiltd oll Oil whiCh
rather than ust ltc;'titse they ilre ill nticc people ou cal build the So'ill insttiit tions lad tile Inter-

disciplinarv imtiagemeit st'uctures and through which,

A tilird arrangement is tile classical oe c' Joint Ill iany cases, Vct Call gL't tile financial resource
appoitments across tile disciplines. It is increas- allocation ott all interational hasis that you typi-
ingly cotrmton to have an electrical engineer also cally would not get on a local scene.
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The AID Nutrition Program

Ms. Amy Pound
Office of Nutrition

Technical Assistance Bureau

Agency for International Development

Washington, D. C.

On behalf of the Office of Nutrition, Technical legumes or of cereals and somewhat unconventional pro-

Assistance Bureau, Agency for International Develop- tein sources such as soy and oil seeds. To have any

ment, I welcome you. Our Office of Nutrition Direc- viability these must be organoleptically acceptable to

tor, Martin J. Forman, regrets that he cannot be with the consumer.

you this week. Our annual budget submission, congres-

sional hearings and related activities keep him in AID has supported research and field trials in

Washington, D. C. this week. This is a crJtical both of these areas. Neither route is free of pit-

period in our annual program and budgeting; cycle. falls, and both routes have limitations.

Now to speak about ,ur All) program. low-income Thus, some nutrients such a,; minerals and vita-

masses in the less developed countries (llC's) usually mins are unlikely to be bred Into the "improved

derive most of their calories and protein from cereals varieties" and, at east to date. varieties posses-

such as rice, corn, wheat, sorghum, etc.; the staple sing improved protein quality or quantity generally

is usually supplemented with legumes and all occasional give a lower yield than normal high-yielding

portion of meat, f~sh or chicken. Most of these diets varieties.

tend to be low in calories and protein.
Fortified and blended foods nay have their limi-

Groups particularly vulnerable to protein defi- tations, too; coots may be hi l'h and products may

ciency in the diet Include women of child-bearing age, require government subsidles to be viahe, l'rocessed

infants and preschool children. AlID Is concerned with foods require careful qualitV control est much of

alleviating malnutrition in all segments of tile polu- tile "added" nutrients inot be aoded or added Improp-

lation, but particularly in these target groups. erly so that nutriont; nav he lo:;t. lurthermore,

processed low-cost nuLtr it ioS foods Ilay not reach the

In carrying out our efforts we work with govern- bulk of tle rural p.ar. It i s, of course, unreal is-

ments at various levels to encotirage and assist them t ic to expect olle not it ion int rveiIt ion to cure aIll

to do a better job of analyzing proilems, developing ills, and there maYiv hue conditlioi; iuner which neither

plans and effectively implementing programs. III add;- of these approaichies tiaks seto;. New crop varielties

tion we work with and support tile private volintarv may r'each Iea;li; tha tort if licd foods cannot reach.

organizations, since we recognize that they represeLt flie new varlotive, tlloo th inferior In Vitlds to tile

in some places the most effective meooiS of impact oin highest yieldi in, v;irict itSe, My le higher in yield

malnutrition problems at the ,grass-roots level. Most than tile coiivciti nal rep,,ionl var icetits. Ior t if led

of the affected people InI the DIC's are found iII s,,all foods cali maintaiii no trient iuality with proper pre-

rural communities and urlmI slums. All shart a common cautions, and althou'h they may not have unlimited

heritage of poverty, ignorance, poor sanitation, aind outreach, they can still reilch the poor in urban

other conditions which tend to contribute to tile prob- areas ond their surroundings.

lem of malnutrition and interfere with its solution.
All) has provided grailLts both to lnlutted States

The question then L-.omes: What caii be done to and LIC food companies to encourae tLhe companies to

alleviate malnutrition under tile less-than-ideal con- carry out feasibility Studlies designed to put low-

ditions existing in the Ll)C's? One approach is to cost nutritious foods into the marketplace. The

start from the food supply side and attempt to add priorities in these programs include widely used

needed nutrients into the foods consumed in LPC's, staple foods such as iread, tortIllas, pasta, etc.,

particularly those consumed by the poor. and weaning foods which can play a decisive role in

helping an infant survive during the critical months

Basically there are only a limited number of ways during and after weaning.

of building nutrients into foods: (1) tile plant

breeder can develop new varieties ,of corn, rice, AID also supports a research effort aimed at

wheat, etc., that have higher yie.ds and whose protein developing low-cost technologies wreich may in the

content is both qualitatively and quantitatively near term have widespread appllcat ion In the LDC's.

improved; (2) the food technologist can add nutrients Low-cost extrusion cookers fall Into this category.

to food staples by fortification with essential amino

acids, minerals and vitamins. This can be done with Extrusion cookers have been widely used in

little, if any, detectable effect on acceptability, developed countries in tle manufacture of cooked

The food technologist can also develop low-cost, cereal grains. The diversity cf equipment is fairly

blended foods that consist of mixtures of cereals and extensive and in general fairly expensive.
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Low-cost extruders, lacking the versatility of their overall reactions to the values of thesetheir more sophisticated predecessors, were developed inexpensive extruders. We should learn from onefor on-the-farm processing of such crops as soybeans another's experiences, and this exchange of informa-into feed. Adaptation of this technology to the tion should shorten the tixca for practical applica-preparation of Inexpensaive, highly nutritious foods tion to be instituted in the LDC's.
and weaning foods In an Important All) nutrition goal.

Tests to date Indicate that LEC's (low-cost The bottom line of the workshop--that is, theextrusion cookers) may have a place in L.DC'n. for the recommendations you make--will help guide AID, USDA,production of extrunion-cooked products for use in our colleagues at CSU, those in overseas areas, andfood and feed. those in private voluntary organizations make deci-
sions regarding future programs involving low-costA body of knowledge Is bielng accumulated cover- extruders.

Ing the merits and essentials of this technology.
This workshop has3 been convened to permit those gen- We would hope that your recommendations willerntIng this new knowledge to come together to des- provide insights into the type of research stillcribe their experiences, the pitfalls they have needed and the types of operational programs that'ncoulitered, the obstacles they have overcome, and lend themselves to this type of technology.



Extrusion Cooking as a Utilizable Technology to Produce Nutritious Foods

Paul R. Crowley

Nutrition and Agribusiness Group

USDA/ERS

Washington, D. C.

Reduced to the simplest terms, extrusion cooking
may be thought of as a process in which materials are
heated and worked mechanically while they are passing
through a compression screw and extruded through a
die or other restriction. When applied to foods, the
extruded materials generally reach temperatures of
250-350'F in the extruder but remain at those tempera-
tures for only a few seconds. The material generally
becomes plastic during cooking and ofton expands or
puffs when leaving the die as moisture contained in
the material flashes to steam.

As those who have studied the sbi cct know, this "
simple concept of the process falls short of describ-
ing the real act ion of extrusion cooking. Unforti ..- .•

nately, extrusion cooking is bo0th a relatively new.
technology and a complex one. It Is still not well
understood. As a result, it is now practiced more
as an art than as a science.

Even though it is not well understood, extrusion
cooking results in changes in materials that make it Samples of extruded products.
a very valuable and, in some instances, a unique proc-
ess. It removes the raw, uncooked flavor from food,
replacing it with cooked or toasted flavors people
have learned to like. It gelatinizes starch and modi-
fies protein so that their functional properties are The following examples illustrate the potential
changed. The products hecome more susceptible to use of extrusion cooking in less developed countries:
enzyme action. They absorb water differently. Under
extreme conditions, extrusion cooking can even break 1. Textured Soy Protein--The Government of
down starch molecules, dextrinizing them and making Colombia (GOC) is currently developing an integrated
the product soluble or even sweet. It can destroy the health and nutrition program which is intended to
natural enzymes and prevent their adverse effects. It overcome malnutrition among children under two years
can rebuild products by plasticizing and reforming of age and pregnant and lactating women in the poorest
them in new shapes or sizes. And it can change tex- 30% of the population. One element In the program
ture by creating porous, aligned structures that i re provides a suhsidy for purchase of nutritious proces-
in some instances quite unique. sod foods. Coupons worth about 807 of the retail

price of certain fooos are given to eligible persons
Extrusion cooking is now practiced widely in the by health workers, and the beneficiaries use these

manufacture of textured soy protein products which are coupons to buy nutritious processed foods through nor-
used as low-cost meat substitutes and extenders. It mal retail outlets. Over one ncillion beneficiaries
is used extensively to cook cereal flours to make food are expected to he covered by this program when it is
ingredients like the processed corn meal used in corn- fully implemented. One of the foods which will be
soy milk (CSM) and the gelatinized cereal fleours used eligible for subsidy Is textured soy protein. Tex-
in oil well drilling muds and foundry core Dinders. tured soy is manufactured by two Colombian companies
It is used to make pet foods and animal feeds. And it using large-scale extrusion cooking equipment and Is
is used widely to make snacks like the popular corn now sold there commercially. One product, CARVE, Is
curls. Although it is a relatively new technology, it sold through retail outlets as a meat replacer or
has been adopted quickly and now plays an important extender at a meat-equivalent price of about one-third
role in both food and industrial manufacturing. And that of animal meat. (Even greater savings can be
for this reason it has been of special interest in achieved in institutional and industrial situations
programs in which developing countries have looked for where textured soy can be made available at meat-
technology to produce low-cost nutritious foods. equivalent prices of only 6-8 cents per pound.)
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This Colombian example Illustrates two major consumed at the rate of about 500,000 tons per year.

points. Fir fit, ;ai ext rushtI-couked product, namely Muri is made by a primitive process called sand roast-

textured soty protein, carn hi. maiifactured and sold ing in which parboiled rice Is moistened and shaken in

commerr fil IIy ii dhvelop Irt', r'rin Itr i!;. Andi second, hot sand unt II It puffs like popcorn. An economic

food coupoin !iub id I.'! rlili a liii. m i0i llt in t firiihruii arnalysis hlas shown that it can he made using modern

which goVi' trim t!; ;ill h t lp itiW-fli(
"i'TItii' pierS;)i; increase xtrusion (oiking' er( ip:ent and sold In competition

collsiTltiptirlr ill lill it iipll! I 't).I.- (/ ,imflar prograln with the traidith i)nai pro)duit, returning more than: 50%

(it I cIi lit Women , Iilt ut !, , rild (i1 lit rrir i'rigraii (WIC) on the ilirVistl l(tL turthtermore, extrusion-cooked Munf

iti now 1 oii'r'li l ITT tilt' 1lil (it' t It f-. ran he fortilied with proteln, vitamins, and minerals

lrl (till I lt' t;idli' tit i ci-(Ikc'l rice rather than whole

; t. t, p; St ri'ral v'ears a rice tit reld ict til tl
vail ,IV c~l I~l . ,,;, HI ,,,,l'i h~li h ' .l , i~ t ibilted Il

dl1i c l di Iii l'i li , l,,,inlin ii i i ll !;rhitrl s inrd Nutritini l srk;t ir . ide try extrulsion cooking have

health ci .ltvr ; fii itil lln i AtIa tir', ti'oS' Io 1s are en,'riil oiii Ii)tcln iiitl, whtiitt,r used in school feeding

linpiit d iri)t',si'i rl, . ,t. iii 'wt ith '.rrkhlJ pirt))iram; or s()i(i c'Tr Uriciall '. They represent an

cereals ;lit(i !10/ I it l itvid I i tt it imis, I(w- ,s't extreit'lY r)irpo la t's t It' irioducts that can be made

fcild tliht ' IIi l I nn Ii I ilil ,i i a t'ov '-ii, ', !;(iill , Or i,' e.cxt r I oll il, )kiIT,,

flhir for hii ',t . 'lhiii' i, II l in ii' til' ('SM proi-
urts, furnlislh d Iy I thi I'nll lvd 11. llltl . 1,. .i- -

prodhuctsa wh h O-tt t ito lit twlt-lh iris n ct'i ' tnk'rI corn !i. Ir.' Itl i t iit -- Soyheans contain a group

Illal tiade will i xtrIT i, nhl. it ili/v {.is aii prnliwth inhibitors which must be inacti-

.alid hel r- 1',l 'I; t ic)r ften. Traditionally these

Al hits ineen igr id ittwt'wo di t ;i c c t lit l iiood I'lIZVR es ti1VIt' tat.II n,ticI-vil by heat iog tine soybeans or

donrit or trgr lzai t I(nh r , lImlpirt tcil l i will I phat-sd tIll' SuI Vt'ili - "tI'ln Is d SlI\' ';ill MCa I . 'loday we know

down rivert lime ;.ill li t Sc ln I ,,i' i kp it'.lh Iv tli" t I()It. ( L-it cxi r irs It' I ,kll 'k i[,i is iTi if fcit i'e means of inact-

The pro(ni :; las (nW til ,i. tsltnliillC lst ililliliit'y, i i'l illt, t t' ' til j tiltl i ih s. Whl' i or deihulled

Col imbfin startcd ii nhrt ifi il )l ,. li illv tiirm iniil ',i't ' !,. th'',ijh i'".t'tt i'i co ok rs are

)lended i 41ld , I iniI r I I , ill I ll ic [;ifi X i ) titrl1t s ,'I.:)i, tin t ilt l 'I ,, l ill ott 'O ld c'rI pV. ThLv Can be

lI vg ai t t(,il itv' 'it aI i .. r i .' I )()() llt' ip ll V' I . it, I i! .liit iit t i tu i d' d ipilcil ;l i d formulated

11 ad I t n ill in ; lic n iw h iwl)h lcl ),lid 'Iu i tl i It i- i ll' ll I ' at po(tciti sal i ks a

[i rll I l t h ii h ll r Iii' hi l li Iti t pldi t l M t,('00 i) t ' ltI t,,' St It i1 i t 'i' ll i t' at .t it . , .it I ix.;ills 1nid
I]Or YCAl" - 1e l 1, l ' ,,,< ' l l d 'dl ,l ,h:[ 1th1 s 1I 1ll r t pil I St.-, i , i It ir, ,1 !,,1t 1 ,1 lit, i d i tt i 1 l l os t (Ie vel.Iop)-

vs it I , h ,oyt' l t r itllp Il lIt IT ii i :I iiiS . I d I t i t htt' i t ilts -lllt I ii .I I l ,i 1 ill ill' ith iI l' illl', t ill[C rit up from

1(0,000a 1t i,iI ii I i wi I thS priiii, d t,,r i use In c., tiI, iltl tiII ,,,ittiI it li t ll, i ' p it, ' IM, r M i 'iUfa tur i g

t Ir- 'rg'a;r r ltis ti IIlt ', , lit i l 1 t 'tInI i t I It r sIrtir I tit , i I iot l , ti.t I i i ',n , ,I k r s

ir r itk' si Id I tltl tll ,I tl I 4 t i] -1 t I 't l ; S I i iirt L l i t' IoM id
v'ollpt'll S,-vc.li~. { I'{ '.il I )' h i ; ;l]'t- now) une r co)n- nimb,' I III d I I Ill'['lit t vp1,-*; ,i e~qulipinunt are used

ldtlrilt l ill , till-, ti1 ' pll tint . 'stc (t -,\trkiion ('liok- LO pr>tdtl' I it ,' \,ir Oll 1 p il' i VS t C r ibi d at ve. Some

I rt,, lk l t , it' l-lt I r t i i I i' t' l i 'i ll' t ' thll l lt hL'iT t, It it i,iv .I)t.tStlli st' Itidt with spewcific func-

stir, oiri; it t ri( i lt i t t, r ir s i t lit iitt, icsi, i t ip -;,i k iu ti uurd s

WIT l 1 11 a rt ' [i OS tt Il t ll I 1 t !' tI' S I lk til l t'd ' 0 rn SI c s .

Tr he (liili' bilillt ilr pro'tio It pr.,'oked 'tiieT th ctil 0[ r'ri ' h._ - -M l ii', -!I'vc''S Whi c w Ler 's, h"i ')ed

i rg' l td ids 1i1; tIll tiist,. P I lii titt ph lut t, u t ilt tic' it t i applit lti Vti . :1 ' tiv lv)und tit t w,rk

In tp 'tlr .d Itiods i lrl ti 'lt it-iit t lit'l 'ith I ,, ' (llit IId tlth iv' el in (,t r t gi ili ll i uns. is totll t, it

l{trs cii t;Int iii it' i' 'i'tii* it t 'rt ci rt Ic~' t r {Ill t l'iritih c, rrt't ct~ lt. i'lt lL t i ri inn.: 'utt'c' c tars a b i ae

I ti lls t;c t, iir In t ii' 1 ri t It'. It it' oll t I r Ictihs INIEer' Ir:it lld Itic ' l t t t ) l1 il ikSc' t ll' tped t llw ht r soeic

I V I '' v X teli ., 1 lv i d I .55r.1 i t. .I Iuh v c tlt 1 1 i c iIt-i It i... ' (pp 111 c r ex lit lii liii it t c ri~ c've l. i'y t , IrI i'it s i fo

called Bail Ahiar w~li d.,,, I,c d tit ltlfd~i l. ('S1. Anld ill t'\tr[l'll erS; dri., :.t' lk v VwLAS,1lill' ,Uld Clt i I L At'ied to

Ci ti R 'ail oid Stil isltik iS lViiU Will ititr I itir iol make puptiLu cd' sov protilt1, -,kcd SO\')ean

til e pi os 'ill, pl l lit.S Ihw i il I o t it i llIolu ' e llo r, pet I eilds t rd ii wi dt , of Snacks.

precooke I l o.ts tri.r .ti' oi' tt'ics f i;i r c top wwlii,tl ;h

d Jis sia ll s l illlo', r IIIt ic ' c frol Ic IUW ptutnds to

I wil iu i k t i llt-int f nil I,(- ox- , I I ;i siiil a he r pieveral to ns pIer ho 'l ' Slle ar Lost only ic few thousand
p~lanl whit'h t idln'( tw i'k out ,nid whili i l I l'i lC . 1 (fillllars, whi le Othlt'I-S cOSt kil) TO several hundred

pote.l t r,1 ilts 1i'1i1 t Ilt'c' . I'v's It I ( tll hilar I il it thep csird l i 1 v r ,1- I' ml l t co st te . toIne f t r g be

pert itl 5, o t r i mrt ' si i ,( c t lc I rocti'r, ed l V Sct as1) ill r Its it Sic' ]t)x independe ert lli opera-

tihe ecvnr cur I lilltu , id it\ IlkIs Inck in, ost1 pre- titanli)t per pItild lborer witit oly verh vlIutst
cooked CS I-t N-l , tIll "Lil, t ' ill !11 1 ,' ;1 1 tw i plll -p tr;J111iln'n . 0 1 h('l'' r S r (l 11ir'C ' I rl ( i Lt' Sill)U ll' i (11 e ui p-

grill l.Ine cr I i cc I t s 1acks iITStI II d mbyt ( s 1 L0-0 cor titer tlors , lt f ets, drr s- 0 UrS, eTty C.
Il I Ir I,. t ,i-x I rt i~ l I , I i k l,, ; ', S I ,Ill.- I'lil ltl t nhitt- I %, , lld (',Ill Ile' (f)U 'At till onl y V )' V f"NteLil (lS IV I It r 1I ined L ch-

ablou t [tII t fll,-lic' .1h1L t!v ~ ll/'l h l|'(d II h ' 11 OeII i I i ls . ClIi , irI-I % thl , !;,, I cct ioni of (,lnc or- iin{t her of

grcvslell a d ti, i .ed h li ci) ) ml\' i l ot' it y. For co .'' these llsChilitas $ r ,0 five appl cat ion is wo a simple
system.ll \,,lrh I t'~'; ltl ,I 1,11;i t'';bl ip t,1 matter, hot Li~it' LiL' 'If e:xltrusiol coo1 ker has it place.

linvestlnill , thelt'lolo', ;;1t idle. "I'lle "'11ll);Illy learnied E~very mactthinet Ill theL [11:r1iket WAtS d1'veIO)Led With Sonic

it V rI'V VI.' l ISl'iVC IH;I\ 1 hopt.
'  
W ' (.,ll1 pI'tfit hy' appJ) iCail i ill Milld, /11ud. CVeI'L-y lt1(' !lit.- been sold for

tliat lcs, 11 11~l lld illt CXpt'C2A privaitLi. k 0111mIllitCs or alnyooe sonic pulrpose.
Ltolu vet, w\itIhout I il inl andl lastinlg collunitlnelclL to use

Lte IlrOd,. t. .Duiring;OT Ih u(11lrSqe oI this worksho p we will he

d.iscussing it C.;,1SH cI IllIlil lU~S Vallld love-coSt extru-

-1. SinaI-ck - Fo it -ds -- Slnih'k tIot(IS which Call he []llt(!e s in cooke rs (ILECis ) . These are unique ill that they

by extrusionl ctlokilg ll ar unlit''l lI popular. Ilu l;ome represenit at very low capita~l cost per unit of through-

places snacks are Mliit With e'XtrU'oln cooklers, like put as compared With otLher extruders--generally less

the corn curll snacks InllldeIC) h, Jack's Sn~acks ill Costa than $5-10 per I)ould o~f throughput per hour versus

Rica. In other places 1111 fell snacks made by other $10-100 for other types of extruders. They usually

processes are conumled In enormouls (uantiy. For cost less than $10,000 for a unit, whereas other

example, in India a pufled rice product called Nur is extruders cost $20,000 and more. Except for the one
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which Mark Sterner of MFi will describe at our work-
shop, these extruders were not developed for food use.
They are inexpensive because they are mass-produced.
They also appear to be simple to operate and simple to
maintain.

At the same time it Is 1 ikelv tHuat low-cost
extrusion cookers have disadvantages .,d I i11 tat ions
compared with some other extruders and I ikelv would he
unsuitable for large-scale manufactire, such as the V
30,000 ton-per--year Bienstarinia plant in Colombia._
They aren't designed for producing shaped pieces I ike
snack extruders. And they likely have other lImita-
tions.

r L I i It t t I ,IIIwlIII.I

To deilt)nst rate a techIno og \ , ,IIt .itiIr II I s

wili In fact take placet loin iiiig h I Il ltt i'sti( 11.

(:ertLi in IV' tilt cost ofI it, -V.t 0iW; Is low I o i'.iicdt.luii IIY lteriiat Ivo-;. Il1,n I nl .i 1tv.-il, iltv -l v ,st,;
; .i li t LIlt ki I | iiit l I i ,tit'i , . A dhc n ,lii l t it iii i t' -

(,I ii 5) costs a "uIhbsta;iit i.l i'11 11t oI )"iu V l ),i
jus t H ie equil liltIJ t an dl .11 fI d l t vsr t, ' ;m , 1 loon

st rI t 1' ;1p11 ' I I fion. We shli i Il (I know Ini .IIl ;inc. 1h.11

i'ii t tu I mien t I S 'g ) goIng t t, hi' 1(It t ii HS 1, a nl w' ,Iin I(I
h~e se I eel t y e.

Gifford Building site of the lI C Work'sip

)r. Bogyo:

One question on fluffed rice which Is a popular
snack In India, and If I noted It correctly, a rathtr
large quantlIty--500,00 potiunds--was ment ioneld. The

In this connection it is important that tile work- thought occurs tliat onc, this product ion Is ientral-
shop take note of the fact that All) and USDA are sup- Ized, you will tien li(ce costs for packaging and dis-
porting work to explore LEC's as a technology which tributon. I wlde r whiether tiIs was Itiitled It, tile
we believe might have applicability in developing calculations wlici indlicatt, a viry gid return frot
countries and which would not otherwise be considered. the lroduct fil I tse It . Puff ed snacks ttia I ly spoil In
To do this, we bel leve the capa, III ties and t lie I in I - a humid atea in 24 hours or less, anid I wonder whether
tations of LEC's must be determined anti reasonable you have any answer to lie pii'kaging and d 1stribut Ion
application demonstrated. It Is not our purpose to of such snacks.
promote extrusion cooking a; a technology when it Is
not appropriate or when some other technology is
better. Nor do we intend to suggest low-cost extru- Mr. Crowley:
sion cookers or machines made by particular companies
when other types are more appropriate. Our aim Is The information I mentioned Is tile restilt of a
simply to make available knowledge of a new teclnology study of food habits of tile people of Calcutta. The
to those who might use it to the benefit of those in study indicated that there were a number of processed
need. This, as we see it, is the goal of this work- foods that were consumed in substantial quantities.
shop and the activities which will follow as a result Muri was one of those productS. The objective of that
of the workshop. particular study was to see what kitnds of changes

might be made in the syst. i, both lii manufacturing and
distribution, which would improve lit nutrition of
particularly low-income people. W4hat we developed as

QUESTION AND ANSWER SESSION an alternative was to inifacture--islng the KelIdot
type of snack extrus ion--a product whicli would be for-
tified with vitamins, minerals and protelins; ;ind to

Mr. Samaan: sell it at tile same wholesale price as the tiunfortified
product. In calculating return on the investment, we

Could you comment on the relative desirability of added operating time and took into account the same
mounting pilot programs as opposed to undertaking fea- distribution and packaging systems for the new varia-
sibility studies to determine potential effectiveness? tion of tile product.

I11
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INTRODUCTION 
R!'yIFW OF PRORAM

Planning and implementation of an All) low-cost Following is a Ibrief review of th o.,rill pro-

extrusion cooking program--designed primarilv to gram, I.e., its historical dv'olopint ih; the t otits

reduce ma lnoutr It ion i1 low- income preschool and sichol -I the equipmtottt maiotll act tiut rs; t he work pt limed liv

children and pr-gn:3iL lnd lactatflog wo oLnt.t bv providing til, staff of Colotado St atei I'li.-ra itV; ti.. p t' et-

them with nu tit oI 
L  

leo ds t ro coniriiodI It i-'s I,, Iown ;Ind giIned III t ht t i-t I I alli-; ,1l1d tII, Ithl 1.!; ,ItlI

processed ill developilog ototlit V s--hasl + bi
-

tcol
t

'iio a coll- -ri [ tri l bii lv All) and ithot" iirgaiilIz;It lovis I'lt tilte

plex undertLa[ :.itg. Oni of tiit' -a ions rll- this 'oIII- selectio of worthwhi lti pro ,ralio;.

plexity is thilt illplcmnt'tit ioll o~f ,o+-; i t r ,), a~

requires lie o' ll ;horit ii land otot lintihtus ittr;hit iol IlIstori l Review

amon g peipleV Itol.IIi ig tIll di renI'Clit i'tonltli' s, ill-

tures atnd tl Ii p so 1 tl Iti-s . lit dles'r I'' iitg s ;o - of tI,- As earI v ;is It'M a ; t l'h 1 11t r lOW- t eSt t 'IS fill

stleps not'SSi IrV ti1 im11p11 I o llIt 1 1) 'ogr;lI I (lilt'all tl pqu iplilvilt btgall . (ne Lot ti x rt t dtii
r

is so. li-ct Ii lior

easi Iv ttnil
l
rsttoIl th lt l MiV W' 1 ot 1t; wi 1 h av to turthtur stlidv was tht BrdiV Crop Cookitr M di- I Ni. .tI6,

be solved. 
Illillilfact tilred lv Kochi'-l ing Ii, l 1)ri I s ici. lh iii illhin-

W;Is IIsoid Ill the itlllll It Ill' I titl I-I It I y'li ,iltl I

W~lth the ;IsSkITl)tio'n thalt It....d to¢'hno lot'y Would which wWit; Ilit'lihd With othe~r ill,,rc.diclnt!; (I) prodouc.

be use'd Lto providei ;U tW- L o t( lttts it)" pr 1blems nutlritivc tt'ed It l'llTlla;t i0il';. AID hi-C,]VIC tt~rs ' l

occlrring dtrinlg product on [it t lcally ' gro'wll COttOttin i- this .quiptitt 'lld wlld,I-l it tli!ii iltihnlt wIltld heh

ties, tile f irst te p in otr pI-tgrlim was tpo ihiit I fv t ti plt it il lug sto tItu Ilour I rol -dilttl lIed btotit;

a process which is tonoitt ii' v l ii'ftasilc ;ild which tor o tuste i tll it tl t.] I 1pio I ,

cin 1e L l;lptLl d L o colld i .t tol!s c xt, it u1, i1 1 Ito' tLeeVC lop-

ing countries. l oLrttisiii 't
-

is it i1 izi.-d for Cook- LItIr, it )l? I, jiu - il' low-,o ,;t i--t tlitd '" wa';

ing of cercals wtre ident if lid as I ikely O lolidilt S. lt' iWtt it w i1 h I,, -1 1 I''Ill I I ll I till-I it ;o vITIns

The next step was to st-li-it til' VI';)t tit Ot iM Iictl 1 11ip- for list ii1 Iit'd lITuil .t it-. t aI s t Ilie Itnstl-Iri

ment capable of plol it l; l ,g.t rizdu'd lir l , t - . txtruder, Mo eltI )(), i'vi~ttit li tt itlid V l I- it' 11 i '" I .

After dt-t.Cr lltlil', til Ill cXperin't-it- t I l sis solie As I 'onl.S qtul itH t ', 'tIitul-i lt AlI wtl was startod

CapalbiliLi s if !ow-cost t:.t rlders, t li p t thiiiit-tt IItI to test tlte tapi lltlt itl s of low-co) st ixt li
d t rs filtl tili-

to be shipped to foreign ctilltttlr
i vs for tIlrtlttr evaltl;a- manufai'totrte of IhtIThitit itdo; . Sip I St-s 0 i itfit-tit l I Iy

tion . '['here , orglni ili t ons haid to hi fooulld wi th 1 qual- extrruded soy I lt rs wtit teisti-d b orit hl Rt- gi io lI

fif ed personnll 1 Lo test t 'C 11lll iT'h L', raw m~ateria~ls anld labi Ira|torlCS anld AI)N for theirI phvi;sh,il anld hliit(al|

finished products "und tol distribute' tilt food for chir i,,cterist ic", ;llld fll' till' (l+ t ill ? of .111( 1~ l -

acceptability te ts in nutrit ion-orit ted fi-edilnig physiologic;al litor's. K. -n; ;tll(, Itlnivtr;itv t vtillt-

programs. 
lttd the soy fltur; for thi r ;ui I iti lit' i,; prottill

ftsrtifiurs ti llit tit ;lIlit t' t it' o i o rf od IIo d ititul thlt-ll

In the mieanttime, in the tnittd St;tts, N systo- to be stitidl t fit'r this pItrlt ;'• Whl it thi ;illtv tvi-

atic approaclt to lear- n more l iillt low-c st extrusion dent frot other prt- lim il|iry tt.st s tiIt tlis (itt 1(Ik ilttttt

cookers was devised in order to IlIp ;tnswer qtutstiots lnighL iave potent ial nohut itlIv lti ti- lt- imitlfllu ttlrt (if

arising during testing programs il for-ign cottltri ts. sitS' floor, but ;lst for tht prot,-ssing if ct-r-tal-till

setd bletds (st'h Is I'trl|-sty hItIld 0tit 1 t tlt t r blooted

In addit in to problem-solving of tt,-'hnu otI taLins- foods), AIt)/tSI)A arralnged for equillnt to be mde

Lions, administrative procedures had to lbe drawn tll to available for furthetr tests5.

permit a fair testing of the macline, processes and

products.
F.quipment Test ing Arrltlft-lTltS

Transfer of technology requires an almost f law-

less network of communications. This Is not al easy The purpose of the test arrangteettt was to send

task when one realizes that conditions vary front coun- the machine to selec ted foreign countries so that

try to country and that understanding between people test ing organizat ions cotld evalIaLte thl capabilities

can sometimes become difficult. It is the need to of the equipment under in-country conditions by proc-

strengthen this link of communications which AID has essing locally grown and available raw materials.

recognized for a long time, and which is also one of Three cookers were loaned to USDA by the eItuipment

the major reasons we are assembled at CSU. manufacturer for a period of 30 months. Each country
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which expressed an intcrest In studying the perform- that the extrusion cooker be studied as a means of
ance of this equipment could apply for an equipment manufacturing low-cost nutritious foods.
loan to All) or USDA. If approved, tihe manufacturer
would ship the machine and spare parts to the selected An additional agreement was signed between the
country; would pay for the transportation; and would East African Industrial Research Organization (EAIRO)
furnijul one I echniclan for each of the first three and the AID/USDA, ;nd another agreement is being for-
siperifled count r le for a period of ;lllir-xlxl;ltely two malized between the Philippine Women's University
weeksi it eat I ,imint ry. ThliIs would pe.rmit training of (PWU) In .anila and USDA.
local operaitors I I I' opratIon and utilization of
thi (-qll prinl . Agreement Between AID/USDA and CSU

Al h/W;DA paid or s llpplg (,f ft( ,equipment and In 1974 It became clear that specific problems
fir ixli estie; ht tr;jInI ng 4l 44rat .r ; :it tile test sites, encountered in utilizing low-cost extrusion cookers
In addit hI,, AlI/IISDA asauli'd resaponibliIty for mak- required solutions, and that a systematic testing
lilg aIll Inv 'ie sary arreigelient,; 1()r iiiI) ITIe be'tweenl program tO eval tt Ilnd analyze capabilities of low-
countr|lea and I or return o fl the achil ne to hll mani- cost extrusion equipmenit should be started. A
fa'titrer 'a lililiiartera at lie (,I)] of fil, contract . research (ontract was signed between Colorado State

University and tLhe I'SDA. The tniversity's Agricul-
All) At.rgram Loral Eng ineering Department wa'S given the task of

determining tile ()p t;ILina] h1ilI-,raCtL-siLIcs and capa-
Whin t iheie arr iangellerit s hald tien mide, the All) bility if cii)ker-extrullers for tlie prilduction of human

Off lce iii Nutri tliii stit n ;Ili lrg ram lIiformln certain f1ods. 1i1 addI t lioi, it was asked to study plant
lISAID Ml,' lovl; tit li, avalil,' l t y oI low-coat extru- dealgas and layotm s, specification oIf uquiplneniL com-
l Ion teqiItlllent t I o r t est I ig. 1l1 t iltS ;Ilrg r ll.m All) spel- ponents relaLed t( cxtrulislo cooking, Lite cost of
led out the 4.lpabi l It.; ol tlie liil Ih lll and included complete e.;trusion cooking systels and m, ilntenance
bickgruund uulIII Ilsa ioul o)In explt ilmlitaIl runs idlort;ikei reiiirements for varying processinug needs in develop-
:. tlI,. illtid SI;at vi,. It Ii(Iil red I vt stig;ltII rs who Iog ioIiIItries. IFinally, training of persoitiiel In the
would re(, lvI tIf , ' (lit I1141,t [ ll I ict data ol prlces- developing coUtit , i f hL r Lest ilil progra start-up and
ui ng Iat its I i to , c I ll (- .i ii! Iln 1 l;iid I mls u il l to iiickst opi l g ie aitllu p;i rt i- CS I s respons iil lit I es.
d(14 . . ll li. I It, I , ., I ,11 ind lo'w rl ,'w ;it , I til , Idd it i(,n to

test l ii VI I ,h; l, lr iuili l 1'. 1 it t I, lei li pllilplit A yea r later, USIDA ignlld I research agreementt

prodl ,.ii : I 1 1lv l .11',+  
Ill l[ It ihi It ti, :t I 'IIlTTI, a IonIs; with CSI' extending iLs rl)Ie in studying low-cost

it Wis slg',e',cstlld t( i1 Il4tii I; l i inlit l.itJio tot extrusioni cookers. Ill tiia :igl-telIlient tile Food Science
'lilial!-scale a'i. p l ihIl t o t li;ts. 'f I i rtc Iloat lln of ind Nutrition lIveartflleit a1nd tie Agric ltiural I ni-
the All) -iir'riil cratfl ll lt r,' ktld In[Alls Ill iim iss ons, ileeliulg Depilrtlnent hl'('illl il lv I Veil il a new project
ir vat, vo Iloit iry uv gillan I t: I llSi ald I o, iI grolps. Itn The genieraI ob let v 1 th is pI- ,i It were to assist

Asia, India, Ilu i';la, Sr i l.ls i;ii(l hld I 'hil Ilppines sIelected dlevelolping; l t l trieS i their efforts to still-
de: ,I red adll It Jolla I fll m llit loin i; A r ha, (;hailna 1leimelt or replIli ,e Io1ds t olml inLtetnii t ional dlonor
expressed i l tl it itio t oii in It i Ill r Am rica , (uatemiala ageTnc les wi ti Cilnoil it i CS proluiced locally, and to
and Iit Iilliie;t ll hll, ,italled iu;ckgroil. Later, ut IIze food tilnlulol)lgv in relaiLed areas to improve

oth I r ct1ii1,t rites !;Iliiwed cnlls ildta ble ilniterest, such as dIcLs of their I oc, i piipillot on.
Kvnya , ll;in ltuI aind Camiierioon tit Al rlcii, atld Htonduras

.,tlf Coslta Ric;i lin Cnt a il Amitrlca. CSU l)eveloptent Act lvit iles

Since It was felt that invest igat l101 of the
Test flgl,, Programs extrusion cookers' capab I lities required also an

evaluation of the complete processing system (which
The I rt'st test Ing )f alow-cost extrusion cooker include] preprocessing and postprocessing of the major

outside of the In tel Stiates took placei In 1dia il ingredients and blends) , the pilot plant at CSU was
1973. Ili Calcutta at tlhe Inited Flour l I Is, a CARE- provided with ancll 1 iry euiiipfiient flexible enough to
plurchased BradY Crotl Cooker was instal led and a test address problems which ciuld surfiice in testing pro-
program was stated Lto look Intlo product fon of foods grams perforied in ti tll eveloping coun tri-es. In addi-
for Asian CAR'.-sponusored teeing uirograins. t iton to the Lwo ext rIIde1rs--LtLe Brady Crop Cooker and

the Triple '::" Insta-Pro--the pilot plant equipment
The first Al l/INUS)A-sponsored testing priogral was consisted of a diesel tractor to serve as the power

iitated in1 uattelilail. In (;Iu;itteinIiIa the machine to source to drive the equipip ent, thereby reducing inter-
be tested was loaned to CARE ly ISI)A. CARlE Ii turn mediate product Lemperature, and a proportioning mill,
selected as its test ing iirgiiii;at ion tile Institute of which allowed correct proportioning of various blends.
Nutrito )I ( Central America illil Pinama (INCAP). A
Memorandum it Understanding (HiUl was written. it It is not the purpose of this paper to uescribe
ilefinted lit gieneral ttlilms thei work Lo IW, perlormed by the principle of extrusion. lowever, It is necessary
the various pJ'rt IeS. According to thie ;lreeLenlt, to review briefly part of CSU 's work in extrusion.
USDA would pliividte ;in extrtsliol cooker to CARE/Cuate-
mali for a )gve,, period of t line. (Althoigh the usual To understand the operational characteristics of
time filt tetSt in)', fh il lipiuielit it one place was to be the extruder, the sLaff deLermined how individual
4-6 mnont h s, in Htu iiSe ill CuIat eliaI;, it was consider- equipment cottipoilllLs were affected by input and output
ably lontger. ) Ile Iicooker would he shipped to a conditions. A testin , procedure for the extrusion
selicted site, and USI)A would pr'ovide t engineer for process of cereal-t11l seed blends was established.
the start-up operat ion . The tligni|ner wolId stay for l)ata sheets were designed to record and analyze proc-
about two weeks to perm it training, of local people in essing conditions and product claracteristics. Proce-
tite operation of this equipment. CARE aill the testing dures were developed to Measure finished product
organization would provide all ol the necessary ser- characteristics. Bulk densities, puff index (measure
vices requirei] for tLie opleration of tLie machine and of expansion) and viscosity became measurements for
would purchase raw materials necessary for running evaluating blends. Moisture determinat ions and
test formulations. One of the major requirements was screen analysis were performed.
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The first experimental data were collected on In Sri Lanka a cooker has been installed by CARE

blends of whole corn, whole sorghum and whole soy- with auxiliary equipment provided through ("SIt which

beans. It was found that grinding the cereals prior performs as a production unit. It is utilized for tile

to extrusion ilmprovld noL onlv tihe t''d ratio and out- cooking of dehulled sorghum to which a tmaIll quant ItY

put, but also tilt, homlTh ,le itv 0I the 10 trIidIte. The Of so',helns has htell Iddod. I'he total product Ion

tiglter tite oil C011t ellt o tI' 1t-lld t. I10 d lor ived s\'Iit eLm colntIs ts Il ext t Iudcr lld pW o I ;OlC , colet'V -

from the old it ion oe1 h it'to0 e ' 1 l' 0i0r oil-boaring ing systells, propo'rt iolip, Pt li iditi. 'Ind cool ilg

materials, the lower hoes',.11,' the 1l11 1ilt O Lilte elld eqtiipnllmOt .11td v' V, i ls 'itot1 It lll .I .k; it, plan t has

product. R snl Is l so LI t i 'L I ',il I r 'Ioehi;'t, itOll!; been opt l'jt i ll ce l.l' ilt'llV I11,'6 .iid hill; had st art -

hy CARE that till' id it ion II tol 1 ) te Ih' I Ieed up dift icutl tiv:; lk nest ethe. new 1l).lt I. Iloweve r,

ilptoved "' ltr l I1 it i-111 V t \ d .1ii hill-e1 L'd il e0 ,t produ't oll rtts III 'ooked ;O ip Ill ,ll e t V il t Iti

charI acterist i1C . [lit i ItV I I111 l ',, l , ) 1 ,1llIct ill-creise, I ,ld It i e'N ected that tC II it' ll will

Was sel the I ,I t II ic,+itt'l .hid .it 0ll.lt' l I- soon he w torkl ) itg i Iat i!;t t pliat

Catrtl's W e'e dv; iIletli Ill int edu , tie lI iquid ill a

ctonSt ait flIO. O.e 1 Ciil'T'i1'lts Il p l' l'e llI leIltliS Int Costa iC .' C I Clet I ,I - llY powered extrsion
showed that tilt 11ddi t io I' lII oiI II I"10 1S L '_V dtil to L,,l~ ,er a e ill t 'l f rI' IshIItd 1)y CA,\R I l I l, I-I, ,, I .I Lt I it 1, oI I I I t 1,'(

teie power rei I i I lCT1e1 ltS 'I ti 1 ' l III t - I li el' . le F li ill i t 1l) itsinL lineli Ili,;I,'d t) 11 1i l it ti lt IIroitO s. Ing oIf
preprOCeSSt.d r.IW 1:hlltcri'll, tll iniled with dellulletd whilIe s ybe-ans ,lnd I oI ll-solv 1,1 'nds .

corn ilid sovbmls ail rlllaw tid olllistd peallnuts.

IT I thldolic. i I , ,lip,l I with I ' AR' "I 1111 t I at I vt, t It,
01i) t i 111111 Itll' OC t s I:i n it, c ll it n 11111 S0 re S t iIIshed pvr fo ill c i ot t I il; I l It ; wL I I I Ii' stI till I ed i t

for a ntuiher of I 1) ded eeds, 11Id tie sti f under- the Inst ititt Pel oi Io l l l (I I') . Colmb ilit Iols of

took caIlcilit ion l oI tI l ,rt il 0i 05cst ; lt t ree lil- I I'ro ls, le(uIie; nil oIl ;etd, 1.Ill h' 1'11I'cI.IIll'

ferent systeliS i Well il p Iood ll Ilixtiire, so f loilr through tilt, ARFl- It1 111i Ihe d10 lll idt r

and snacks.
E]xler i tn I- w it t,'t JIlll, l, .Il i 0) ind11 i l iated Ih L t

Alother illtlill't l L - i' v \' i 1 V It tst' W1S t lie work sot le prO 0len.i riO I ll I ' !; t' l t .I I Lillis. rlI,v i it luited

perto l rti i liat [ d o od I iiii o I d Nui trit on l l-lO , hI t-- unll5v1 ilabi lT o f I , I,., , u iI. I r i Is ,II I il Itl or

Me rit l Ihei r t w1 re t 11%t i 'It i l'l ,i p tr ' it 1 lrlt tr!ttri - 1 1,1l tct i ' lt 0 il i lt ' Il d .ll'i; liItI 111 11 i I ml ik In
L i(': s f ITI i rll ed i.it 1 Id ld I ii ; r o ,r ,I-IIIU1 III I.n l 1.111 111 in11 . i Ir d Ir~ l~ ld lV 11,,I In' IJI ' 1 1 1 1 1 i 1)', ,.I I 'I ~I,-I " '; 11 s

IuecitS . I l ev 11,11%*,,d m, i; I ;tl , . !I I it ,t O l.1 d It' rtCA IS i , Wil ; I 1 l l'; I I I . o rv c-

) tro o i iL ' r St1Lt. II e 1 0 i s 01l- 1 ht 1 1;. tt I I , 1 l ,t. t ti l l iI Ins 1. tl Ii IIII L ,ll 'I ' ri , 1l I I I I hi l I i

W 1er'e per r e lllle o r I a t Ill it o; ) it s I oo tI t ille rit Or,- o I Il -it t .!; t t l)'I l t , . A h 1 II I 'h .ll i. 1t;t Il I I lit,

and it I i.o le or lil It sh'll r I I . (Col' -v ). 1 i lle L; I it' Itis Imtli ' l iii'.. ll'v , Ili wit . llt . 11 t h i I.(I l ; l I

If s tir l' Isi i I r int c olmp; i t it o I .t Ill- ht' % t l,1S' ,, I th1 [ lhC pro-

were eLltai1 1 I I I I t1 ir iit 1ri t lo I (IiI I v l .it', Kt' R t' ioll ih s -- sho'ld Il, pluIed llti il I .,t l. W ith-

iL erlli let an' e r lli r it wrt t (heir IluLI L (OS ftll O t d ll'tri t L nle l 1t Il -o l I l d itI 11 1 11t I , I.< ' .I

abora r the est lo ro dvc I ttll i

tech ic.l .t r' lic Act pivit i Ios i p te ing Progtra'l
FU1. I''RIE A CTII I IT 11'

cm ec nal w e fitd it lah r ..l 'CI tVii L' i t ihr - it t V l Ilitd

by CS p flr Ao) nsI, . I Irs t t i l nd s outst Ing pr rr I t It I o t clI th t I t cap. rt ies t Ird Ihil titi s
L 11 1,1 ) r i t CCI I ' ur, I Ir t i Ih I nc11aIti ic s ; Lie'n' l IF ,ud 1111 1,1 1ow-cos ex trus I i cooker' ti Iitll ho' IlIet It I Iu nvd .

has bee out epI line in t ci .xt vs sotnkt ric wil I ri lil tc fd 111 es li ;tIrtli t - ~I I Ii 1 111 rt ,I I sli If

be)blnded wiltcnt, ltr Imp nd l fern ind o1f I I lfe, 0t 11111 t1 it til' iIl rlltl t r ill
tLilt' opt'lIt i on I L'( i pll l I. SUC l ; I s' ; I iv;l Iuld III[IV I 11llll .'1hvt. iI1 ht'l qe l c'oml-

1egtLts t b. iL a mpa It if itt i I o In l ltitce t itt ti Itt I ltdurea to

OT)Le I I, t Ith, I irI t 111 .c,. 1- , htl'lr I I 1* prt- id -d Iur t ht-r 11111) r0 V'C1 t5 e(' llOllli W iti ,ott d t l r 111
Ltt.chn1i CI1 b~l( k stL )Ii) n," w.,',;> It I (.\AP in 11 1t,i teIIIlI . tTC r uh tS I (Ith i tV shoml I tl' t . 1 114 'dI.

Re 4 ,t' ;I L A h |tIt i t; Iit i J ilt . , c I r cn t I 11 -.x Lrlld lllj I')Ill-

COfIlI V pH 1l). N",, t t I I h 1 ind ,I I, d lit, puodil d (,Y'I) 'I:;I S, A:ND) :RI I'.R I..A _l'IR .I. ' A ; I';( ; l I -. 1_1CI

Su es l l . "lCV SI tIIV ' t LL' : I T it It" t Ltzi I i l IIh'd wor1k R~lI.,l'LTE lD ITT 1A _-.CO).l'I[Y IR !; ( M W :( lINr 1IR(W(RAMS

Oil Li lt' 't I) ex trIII ll ~i tl ctotlk in ' it L i lt' Ilu~ ritiolla Il

(Ill.]lity of c,ILt Ion ;'."d . l, t t; i d i IiLc'd t Ii.it ~xt ru- AID/U!SAID ,Ass i t InCe

sill-colokcd I (' ll soc~~td '4h11 ..W d [lilt Iit |~ lIJI irIII)rO tl llilt

over unlcookted I oL-tiluSet'Ll . '1h111 - [ll (I,l~~ I th. L1,1L .S0111C 0) 1 C, .r i ; II k i d (I , fT trchn i 1, 1 as , IS ; m.~ v' .Irvl va iv I lI-

t iet g0ssypol prI- eent jljll t 11t,W0 beenu t-l OX if~u 1 y - hilt, through All), I'SI)A and (:',I'. I'-,r Il;r IflIratIIlln, I he

extrus;ion coo~king )Ir bolund chetmicaIl\' needs for at ;sistaullte cain be divided into (A) Iflnanc(lal

aid for pur,'ha-;, of -tjijpmtent requirt-d tlt- Ihlt- prouc-

lio tll n ut r Ii otl ; -:.:t I dcd I ood prodo, I ; ; ( 1 ) IIlia~ll-

Anot her LeustI in 1prog ramn was init tiated lit t-AIR0 lit cial ']il for tu h L ITw r.t'iW m~;il(lilH Inv tl r'd it-lit s

Nairobi, Kenyn , Wthere wh iL e Ma i ze, a spVc iaI loca I illld I illish;[elud I M dl t; [i t 101 h it tl;td 1 11 tht I hlll tll' I; ( 1

TilIlet , r Ice and soybeanls were tcooked successfuIIy. anld (I|I SL rI'ImtL ioll olf I )W,-c ol lo rIi t iolu! I It!," (c

During tile test Ing prograril tilt- cooker" was ti l ized to guidanm e ,ind Lt,.'lmi I .I assI! :it , I.* fit iu',,.' |I,.

produce enoug~lh Mater ialI of it corn-soy hI(,nd to in|t LI- sel ec't Jll) , 'IUS il:ll iID l nd 1111f ; iC I V inh [lt ( M ; ill : 4(qll I p-

a te at study onl the( acceptab i ILty of thItis productL as ;I Inelut andt/o~r ill '. ed irlnt!; fol cm[I liioll loo,( prodilm' t I,)[)

commercial weani~ng food lin Tanziania. (d) Lechi.l l I, !iiietIllICc Ji tho' !;olll I-,[, III l 1r)c t' Sslly,
pro~b I vis (L' . g,, , ke ;tI;Ihl I shnmenl I II I 1, i l' l ) In t lld [ t hills,

Co)s L CaI 11 Li,)Il;, Anld ilh~ l tllll. 1 t e lJ )r 0 )1 . 1lS ) ; ( e

A thirdl machine will soon be installed aIt tile technlical as sisqtancet JIn tile s;oltlon of pro)ble~ms

Philippine Wdomen's University, and ;i testing programn related Lo produc t qual lty (u.,. , raw materials,

has been outlined in which extrusion-cooked rice will |ngredientS, fl llished Lrdc, (Iual ity control , shelf

be blended with coconut, shrimp and different kinds of life, sensory evaltiat ion, palckaginp,,. ;oragv,, and

legumes to be distributed as at weaning food. plant sanittation) ; (f) assistance il till eValuat Ion
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of t ie nit r it Iona I Ilt I It I es of ext ruded foods; (g) Some criteria for considering proposals are:
tefill h l a-, I nd tI lan( IlI as, I ut tnce In the so ut lon of
market fog prolb I iti ,in b ;Ili ( tniimir !;;irv-ys , and 1. a definite interest of the host government
inark.I r hir h (,'.f,., piromot Jon, advert IsIntg, mass in the project and Its approval
me Ii . and o • 

.I,lk'I. lrg des I o).

2. technical feasillity of the project
In gi, ril , Oh,.f ieo 'I Nut ri Ion, All) Washing-

Ion, ,,-.in it, I I ,l .id I I or li,. f r low-cost 3. commitments of both iost government and PVO
-,y. r ,, j o ,. il. lh wi'..r , in It I . -I ;i-icti I It may
, l+ l-, -r It l o i t ll r o 1liii. thIII- pilir'rlt s of the 4. products of tlie project should reach the
prlo I l,. 1 ,f 1 - ,1 , pri , I Ion -y, .t em . d mi instra- poorest majority of the population
I ],m ,It ln ;Iidqh ,w th.1t 11h4- 1)11n, 11p]( anld tc'hnloJ-

oy i -h.,i rof,;li, p ,'-i, I -i I , plelit by other 5. results from the project can be replicated
1p1lml,-; fill .1 i,,dl l ie Wil- li Wi I i mcItt J ir Moi jlll-

I I Ion!. if , ,lj lurilih rluori- l,. rl iit ",il I at Projects slhuil lie reasonable in scope, and
lIhe lir.. ....; I ; .i p., i1 , 1 o d c I , ,l 1,,i .11 )It'. average expenditures should be between $]f00,000-

$200,000.
If It wt-rc, (t , IIId th~il --,qoiptit-i fIi ing, for a

doliontiltitlot iii l ,,r , t ,muid lu- rIoni ,cr',d fly All), Il fiscal year 1975, $6.2 million were spent on
ahlit il~l] I r t-l ia ih l he Tit I, ]i-i ljdi l ,ig fund llg OP; 's. It Is es t isa ted that for fIscal yea r

1976 approximately $7 millinn will be used for fuding
1. Anistr~in-, that (Poli, li,,. i-quitiui-ni is them. From a total of 8 projects funded 1ii 1975, 20

l f jtel 1d it wold Ie I i iz. 1 t i df 
,  

ibelo tgeid to Lh group rel attd to Food and Nutrition.

wI.,lllli ig l uls'i o r ollwi lll rI1 IollS I o(uls i)Pi grait ci ti li ise(i fir tilt purch;ilsC of init i-jri;j.Zs
whIu 1 ,,ld Ill 1 1 ],. 1 1f - vi- 1.1 llu I oi . atnd t Il I Iiuq u t-1t .jo I for s;uI ar i s of1 pursouniii . .

2. Fil- u].lilt (Il "l , .c I &,,, wh ili are Asslstanceli v lintern iLitlojI jii'illil.lit iull

Iviedj Ii j1 t 111rIt flii-oIfjIj -I u I i 11 t luis for
l, - igt , h ,I iiln.. Ag i i; 's mI Ct d to t1ie f lu f ed N-it ions ive lop-

isett 'rig ri m (INiP) ,I- Iitili-ptindenIt Vaii ed Nji ins
litl M I'ti' , t,, uhfl IitIl I,- ,I 1111iiii ii iagrIll-iu i - n 'i sl i "Ai), lNI i,(i, aniil I' ;I1'F jtiv e iiiidied

. l i, gi e ,ui . , t.I Wu t i. , .11d I costs, rogrfur iugu s i. 1Iiit ' ll With , d Wit ail jut ii (". I1NIiI

.old ost,; 14'- ,.11 -1 , l , ";it,. II -( 1 Iih lb i'li ;111 (Un itt-d !,;.I[ iollc Indu.1 ,tr i.i]lhl ~ ~ m ,rl ~ .m ; ioui)
In ll~loflh~l I, i l i, 1 i i w d h ll, 1,V , ;~ . M' t'l't'Ifore , hl;is- lun1di'd v.plilirlit.nt lUi-ir, l t. Il, l ].01 I 'l l le' , Ili lo

I' I i' h l , v.1i " i tl v hIi ;l )',,Vcri ll il 1a;i '11d li 1 :iir l 1 il iiii ,I nit ion. t l- rati'ir.lI, li.In beeun

ige, i len!;, IT()' ' - I t l 1.. 1 iOll- I ll -- li t in itill lit i 1 li A I " ,iii? ill 'i Intlurc C0 11t I v
/.It lo ' lh r1.11 , 1 i l %.i I Ii, .,t I t', 'u il tu , .i w ill I e I in t fir-hint Ii.1I d"'I ici iu : It t nit pi rt I-
',Ill li, .ii.!d i . Il i ItI i,, ' i Ir lu'i .ihirtxi- cIlIr I nlt I%, tjir.li r.I insini' t I- I i ''ili. t.nliurd 1i

Il, t.lv s I I I Ih - vs. . II pop u I l.i -1 n. Ilhe tI o l . l. .n.d ,.1 1 1 i -I I 1t.1i 1 l-

I I jul i t t tl iu I' IclI ; I II dti W iitit I o t iI i t0l tl x11 ref fri t
A I t)od I";A11 Iri, ' i tiii hl.'i

,  
, hl , t- p l ivr r as w i h I I it

IIi. p I ,I li' 'louI-Ii- i 'g \,t 'i wl I I I r t i' 1 1'cI'11t cI iliI' jIs i vur i-
'..1 11 d ]I I ' ll.lkI l I q h ll -. Ilt ; (A\I ( I , [ -vo I l o n ~ t Pro-(- t he Itil I 'NlI ' '')I' a'lt~ t ivo, who w ill coint~w t , I .it er

C;rll ~ '.lt-i (1)1'(:) ,llid ()w,ril Iona I] Progralm (:l+ rnt s (()'l (;) tilw ¢~ l [N ]O l [lt' ;ell[D0 i\%i.- I l 0 '14,11'd] HiCt rl-t, WtL'

Atvl. tiitlct of III, lil t l ll Illlommon ~ llt piov.'ded bv All) ;lad to [INID)O h l ll idrters. Ill tilt' ';ISO' Of [-.;:D0t, tiit'

Us'A I11). dt,-C'is ion-i k it, 1 1 ,, I ;. w ilI 1 nvo I ve thIl. hios . (lt

no iit , I'M jnd I'NIlii.
I'P( ! ,I I.I., 1 ii ,l- ,l0'.1I , ,ll llit ; h l [T.d i o I butild-

fijlh 1t or I o pt.11 iiii ig I, i t 1 tili ;Inu, d Ciii l iCril.'- L' It jr I ii r Iv n, il I -iii l ir ir tLh(1, r t-uSltiLtd liV
Inlilt If l'o , ' Is . 'lhov .I1'1" i''ll, ]lh t appi ic' lb lt, 1Vl t", .tdti-- (;0vt-r Iit'l II ~ t Il,.li I 'S . rIIlw %' ill'Ith ,

I i. c jlljl ilijit ioni Ill I ii ld- io'l t d lri'jllllls. lii r t i t of i1'ct il'vi'1ii'iit ill htIr pIl'ke t'I ; specifiC
ucoii liuiits liv t li[- h ist rVit I- r jt per-

ilf'; prjl'li -. I I should iu rI iit r-nu t viriI iil ssiot siltliel uitir ii I , ,'lii l Pt-lt ' lii hi1g av lliI -
.jll host it c iit rv lv, 'iurij'n l l')it.1ii Ojl' i t Vli's. They hi iLy I uul etxivrt ofrr)Ililrneti.e working tigetLher with
shol Il I I lo' on r , o' hIli i , . ll,- uii Is o foor ft United Nait ions exp trl.s.
pielf e .jutl ill" Ioh' t ll ' In v-n-ll"til of 'VI i'n .1lud host

I igi' I V jel ' ll . pelnSes f1 r 1' Itfilii'tiIlt , ilat er i Is tidan persolnie]

call be funded liy I:N IIO to dev Io ) i ttdust r ial ac t tvi-
(tl,-itt ; i i blok'il dowi fll,,i I lttu t liori l ;ireis such L ies withill thel' hiit i-ot lIrv.

As loid and Nut tI I ion , lit It IIh ji F.iii I v Plann ing, atd
Sli il Io .1l1d IIlIllliul i-si'iiiil'n. UNICIT al I fuiiul the i - rtChilse of equipment for

food atnd ilttr I L iii proi ects. Iowever, Its present
rI,, uIsii.I touolt, ti .jlu1lv Iii ill'); g anlts imsO 1  

See S to icv' shiftel f-irim support of large-
I 'i ti o ol-;ltIlt wi IIh [It, AIDll t siunoll or file WaIsh- scale projctts to tluii, th t iti'e related to intermedl-

''it,, r.-gi'i i. l l lirk'iii, .I!; :i pri opti lal 1)t i' r; it-pt pt - iiL a and vi lI ,e- leveI t-t t IliuIof.y.
fIl .II -, . l-I- rt- tv t t I r luitiM I 1 11110,Iii , Illd iVl

.[fl 'Ii -'.l'I uo i .pI) l illit M , n i e III % ilt o part ic Ipate l'i eI' I I C riteii it t UNI CEF are simIl;ir to
S t It. I -, -%, I i.%,i ,-; l I o 11. I I I li' it o I I Itt e i t i se L t, I Siit'll . f t r UN I Di A, li I-CI t i riii are suhjecCt

-f il -, h lii l aippt ivil ofI - gralit t Cit1 hit' i Vllv to CIItIe li]d ie-. ;ilip i-il Lte ('oiljd it o s exist itig In
I -' AlIi',, r.luJI I of I tlCs Or omit Ines di rect lv from each individualt case. l!NICEF requires that the fin-
I h., I,\"l i. I f , it ih.it jter hand, iswers ;ire ished food products processed with UNICEF-doiiated
I.,i ri-I tI, ',ji-st hIns I eled durilng tie review ses- equipmen: be micde alVit iIble to preschool children in
is,,. -h,. propo~sail wIll he referred to the PV0 for feeding programs. Raw material sources should be

r, .1) local . )onatted foods such as Title II commodities
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cannot be processed with UNICEF-donated equipment. Devel opmeont Agenc\ (CI DA) nd t ho SWOl I sh I lit r.i -

Both private anti public sectors can apply for grants. tolnal Dthve lopment Agfoni\ (SIlPA), to tamo Jit t%",

of them. Most o t l i oW t - I' iO ll oiii1 t I i i' (i av 
There appears to be only on1 IgeIICV in the United agenlies wilii will ,-oun;Id, r t;!t ,I iistal to tilie

Nations system which will cons ider Ipurchase of raw deve loilin COUntl it. and S;OIT, Ot t ho Il-lo',,,
materials and ingred lent , roti i red for large-sca lIe coulntrr ivs .11 so 1 iov Id I lilhi Iot :mthh 1 iot posk,!;. lidi!
food processing plants. It is the World Food Progtram v Idjidu ,li,,uc, ie .r oiiiI'l 1h l.I ho ipi othl to
(WFP), an agency connect ed with IINDP. detorminit i'tltliraI st il tlt ol ;,di it iOl 01

prlO 10"c t S.

If capital Ior prtcure motnt 0f raw materials Is
temporarily unt ivat i bl , in order 10 start wortilhile Assi!;tiiwe hv I iotiiI,:i bolls
projects, WFI' can cons idtr nlndl g for I pet rlod of
about two years. Income frolli ilt-i salt, of tito ltishlod Foid il tll Iols oxii itlil .i, iiit irtsi I li .-ris w hl -
foods would Ie used to build till hoe tap it.il and for ilu dovlollg, m lltrio. ; In pi,'1l i, I .C..,;. For
the purchase of additional inll'icdiit,'i . oxi prile. ixilal (otxloil I;olll Ag.lil t I"Famit), i.,ftl

lioiiqlna t 05 in tl ,ii ltrLa in uli l i1, In oft ho ill Illo;toli,
As an example, WFI' has provilo iraw matLIt? i Is, idolw I iis It lil i.i i I ot su ll l pli' ,o r.l.it d to ,1i -

[i.e., butter and nonfat dry milk sol ids (NUi)tI) I, to fil- r.l .i. oillpi .ii l ii of .a 1 lI i lnug 01 it In il lolls
milk plants built with UNI CI'-donlat cd C(lI t IMCIIl sto -I it i! Iv ill i.. l t d in lii oin1t ltil.I I od ,ld
produce reconstituted milk eillitr to silo or d istr li - l i i .ir I t io p I g li i!; ll o l i d .1! ;I I .a k to bo
bution imt feeding lrcirins A weatilg to i pl.i l it lii tindj it ik n in it Y It,'? 1 y I";lD.\/tl'
Egypt requested donatio n of wheat floir and ity skim
milk to get its processinug startedi. Tihe lirocut.dUes
for approaching WFI' are s it iar to I tioso out I ltid Tthlin Ial A;s s It.Inco

earlier for UNII)O.

Fi 1 
I i iw l i I o piqitient ani I i pllrchliso of raw

Other potenti al sources for und ing inc I tl hde tMltI ta I IIs tl ptdito (i it tr1it r IIs ools isl; bii ils-
International Bank for eCt0IoStnIttoil aill d l)evelopmtuent ciusstit .cusser lit r t c i.; I tli! I st In uii .til g Il ,lh ll .'' .1it
(IBRD) , the Organizati of Amerit;i States (OAS) , the provy Hod hv Ilit oil St it I.; .,,.iin I ,.it Liii; slch ; A I,
Pan American Ileal th Org nialtioi (lAIlO) , and the ISDA, ;ind I.1. pio Ia, I o !i i I t ;lil; , li ;i lI t ot il l o
Organization of African Unity (OAU). assIst ist1 ioV telllllullt ill i tI.1 o, voLillt 1 1 ., g ll tI-

tlons, I oeti i-tl ,Itl-.t I I ll! t i 1 i 1!; .inl I )vIt I lllh i-
tries ii til , toli l oi f i -I iihii .il toilo ui,; l it. l l ii

Assistance by International antd National Privlte food anl uit iii io n oto-im; ii s i illini Ii It I,1.
Voluntary Organlzations CrtIlor a tI ,i oit; i lt l I iii t l l o if ittit Ii hi-

loes art, LIo ,,lv I li, ttu l t I, I it, dlest -lb.i ii I l.
In developing couotries where national or Inteor-

national PVO's have programs (e.g., Carntos, CARE. Iroii wit.1 h.ii olli iiid ;o .it, it .Ii Illi. !;oiliI
Church Worlt Service, Catholic Relief Servites, etc.), tha t tIhe AlP ir lilt--whii , i i It g'.til t iirI I -
food and nutrition funds are sometimes available. rowing ot i :.il t won iniiii. li. It .i iiiil t.ii .i--
Program priorities, criteria and funds available vary hi llty it lI,,i I hill It-;nt s,-,---I,; li td iln l riilt I-
by organization, and persons or governimeonts se2king fa tetd l -prig lili. 1,t indi tili ;i l ; it. l
funding shoult doternine these ot an i indivdital basis col labiirat ion t p'op le I iti unitv itruiilt 'i- is, Iany
by contacting local representatives. cliltilrtt'S iiud 11111iV us ltl llntis Ill iltd r toI hrltllg It

Assistance by National Organizatlons It is htopld that 111 Ii if tis at this worksholip .Ill

contr lit to ii I livt it sviuitg si to i f t- t ptil ItilnsProjects to assist developing countries In their observed in tite. impliiilmntIt oi i t lit Iow-cost extrti-
search for financial help to provide food to local sion cooking prtgram il ii ll t siug t I loillus. fly So
needy people are also underwritten by maty national doing, we miv be able tio make mort, nut rit lo-is 1,.od
organizations, such as the Canadian Internatoonal available to tiose peitl e whi iiieil It soi lesp, Itely.
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Goals and Activities of the Colorado State University LEC Program

ludso MH. 11p,11111

)epartment of Agrii [ir1ll Englieetrlng
Co loirado Statt, i [versitv

I1ort C01 I illS, CoIorado

I NTRODUCT ION

LLrus Inl p roc'e ssIin), hit s b 1 1discus;se o it ra3. S niple operat till--Requi I ret;I lIlt I v soph i st I -

number of years Is aI te hitolo tev whit Ic has sI ilI it Nta o 0 pet alt

capab 1 ity ii prociessin, I O t to meet tV t od ;ld 4. Mlii IIna I anitin II iarv eqi Ilpintii't --TFo hi fit g e test
nuLtritIonal needs oIf t li, wor Id' s poorest pioile I InIIit, possible eint tihe svs IeIt should not requir t
in developing counries. IatiI ltarV bol ers, dtrvers or pro- ot post -

lirIt,ess cind i nt li lug oii I ipntin I ha t wI I I1L v t re st1. , 111 , w ith I 1 11 f 11 1 ; rIht, I o I c o C if,,'vI'I)- In r~li ,os Il i'l| l a o p ~ l '

Stillld )l'd1 ';llr~~ ') i-ltli SWtH "0';t tIII~ I Id all I eIII o;It ,f IIlug tltt ext rilsiol iI , i li 5 t; s II I it it 11i0 and1 1 t -1 out ittil lilt foil
standard sotlri-is 01 fitl oriliAt loll it1-L .1 l1t10.1ttlill ives I V
devoid of good lllo t oritit l1lt 1 ltit it, ('0l';Itlel I V, I), e rslt II te--l'oce s shoil Id handIlt a a Ide
this may be I gootl and just It lre liti wh we it 'oltllId ;itrietv of itil'tls, ill CoIttiilt ln with
State Inliversitv ive,,,,- iiiitikiti t l ie ,ict iltv 01 lot ok- jivot ell-li-h iigtitn os i f I seeds.
lng into, part i-tliil'lV, lot-1it e\t'N iit;ion cooklrs ;lnd
lhei r role iit the ft -1 ig t h, O Ilc t I- I ( I I, r . ii 1.1t lo , I t ' i e--S Vs t el shou I i tns I I V la li f -

I I11n.,d .11d Ltdiul i t I I l e Iii-;iII v aval lablISmith (1969) silntiir i;!1,d hie :IIVnill t les ift I l i, 5);ir1s il lilIpIlltent Ih, tiet, greaIttst p)ossIlI t
anl extruder to preciook iuxt tires Oft tel'e I wit I IV) ,egilme ext 't
or oil seeds. 'Il' V were:

7. Mitt iiv--lihiiipitetit mus;t hiI, ctdnuihl, ;iti
I. Therital deact ivit lon of heat- ll . e U growth 7 . ,.it h , I i or iiiiii t1,11 li , it s.

tilb 1it Lus in I egitUnies or oil seeds.

Work has been iidelrwav 1 Coa olirad St l Ivv, -2. (elat inIza tion <, f cereals to Itprove diget i s Ity With tie tUlplort of All) Ihlrutigh IlSIA since Octi-o-
bil Iit y and icceptill itV, idt to reilte ber 1974, to eLVla.1te IlOW-ost extrithusto cookers
cooking t itte. (II;C s) . In date tie I ill owing tt rtilders have bieen

,'xamined exteInsill:3. Destruct ion of bacteria and insects to
Insure ;I sanitary product. I . Brady Crop tuok,,r (Coo .'ie

Kotehrin g iarnm livision4. Shelf-stable products witlhou refrigerat lon Ajikt, l, Iow, i)Oo1
because of their low inoisture contnt.

2. Insta-Pro Ext ruder (-15011)
5. Control anid vari;t Io lf proluct chIarticteris- Triple "I'", IIc.

tics to improve tieir accept,ibility and Des Moiies, Iowil W1(322
markt'tLogj1.

Theise twit ext ro, iitt tui-h'!ines tfleet t liet crlitr i
de Muelt-iere aind liuzzard (19019) po inted to tlie listed ;ibov' . A m t il ; -ttei Iest it ; al t itti ail

versatil ity of t'xt-ritlers in producing foods for world operat ionlhl p tli ii is ti-u't it tli t altiti I t divtotint,
needs because of tle itr Vel's~itilitv, ht gh cipic Ity, tlhei r operit ilig pi-alet -r!; 1d t It ixt i-tl t I whi Ith
flexibility and the wide variety 01 products Lhev catl Li n' i e itluIsee to extrudt cl,'utl gralins with (Ir
manufacture, withli t lit' pit-seit-I- of Oil stee l it; ]oCiuiseS. ';Itl itt

liest uxtrtlet'd ; 11i i origtill
7 l t islgilh I ior tIt' t k-

lxtenslve work has been pulI slt' i on tilt' prodiuc- itig if wtilol- stovuitals to therl l lv hut ivt I'I lt ira r l-
tion and it ii I Zat lt Of fill-i at soy flo tr. Tit Wir k Iv o ctut-iiig intitl w h ;frlwtlit tnt r l ionai l u t ictors pr s-
of listak;is el til . 0I964, 19)710) was instti'ent;il Iin etL ill r.iw soybt.i;is. Tlherefore, l tie olVi-At liig -otuii -
establi sllng UXt Itlruiitill ;is a v lab Ite alt tritit lIt I of t iiins Ilf ltlttroc. sti)'

, 
otht r food hu lltbli intt l .; ll isl lit'

nutritious hlnitsit Iti(lliI. L it 'le speci t c work Ihis bett dUter- itlld. A sitmiis;iry of the list id Cialp bil itles iii
published ott tlt' utst- of ciioker ixtiruiLets ill pIiOduIciilE tltse two lII's has teen pub IlIshetd by Tr Ilbe I horn et
blended foods, nt it r ittious snacks, wean in it ,,ils, pre- ilf. (1975)
cooked gruels or liever;ge bases, etc. , which clulld
find value in feed at(d prl-essitng progrits in
developing countries. ;OALS

In order for ext ruis.hu cookers to e effectively Te goals of Lilt LEC program aL CStJ art as
applied to the food and tuttl r ition prcblems of [he follow:
LDC's, they must have Life following (haractertstics:

1. Set up a test facility to deterinine tie
1. Low cost--I'rocessing, sys temn clst nus be capabilities and limitLations of LEV's.

less [han $75,000/ton/hour :-apacity. To
achieve these costs Life extruder needs to 2. Evaluate the nutritional and iihysical chir-
cost less than $ 2

0,000/toni/liottr capacity. acterlstics of extruded materials.

2. Moderate production rate--Production rate 3. Develop nutritional specifications of new
ranging between 500 and 2,000 pounds/hour. products.
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4. Provide technical backstopping for existing Table I. Ingredient Combinations Tested

programs and other users.

5. Assist In tile application and implementation Legumes/Oil Seed Cereals Range of Cereals, %

of LEC technology.

Whole soybeans corn 0 - 100

DISCUSSION sorghum 0 - 100
wheat 0 - 100

Test Facility and Testing Procelures rice 0 - 100
millet 0 - 100

In order to evaluate the capability of the LEC
to liOceS ;i wide variety of cereal s iII combination Peanuts (raw and

witlh proteln-riclh Ingred ients (leg mes or oil seeds), roasted) corn 0 - 100

a pilot fao'If Icy was dle: igned and installed at tire
Ag ,r ltlura1 Engineerfnii Itesear'li Center on CSU's Navy beans corn 0 - 100

Foothl I Ills :alfpiii;. Iver', ti ffort was made to provide

I Iexiii ty II t ;' !Vs till 5 tiat i wide variety of Defetted soy

ingreld ient i; ;indi 'tr,w ; ilug n ond i t ions could be tested. (44% protein) whole soy 20 - 100

In thl. ;y it t it k ,, la to provide, equipment

for bulk raw iaIL ifill!:' ;torag, and hanllling, blending Dried peas 0
ild gr iudf ipl,, llif linl vtvI oup.

Cottonseed corn 70

A I1iiblr I' i 'Xp r-int'illS i.iVe bee'n conducted on

Lie L.1'( tI o ; etun ( n lU' H lit ofpiriating characteristics. 
1Tested at overseas test locations.

I Itiltnt OinI and pi ir ii l';rI V re u irenllents. On t lie extru-

ders t ieliis, I vo't;, ll;iv oiperat log var ulbIes can le

;i] Insteid whlilclI (drasit ical I v iter teI, extruider s

Operl oirns. fhese afre: Table If gives a comparison of the two LEC's
tested on products where extensive data were taken.

1 Fee id Ingredient coibin:tions Several important generalizations can be drawn from

these summaries.

2. Feed rate
1. 1ko date all raw ingredients evaluated have

. ranulat io beftore extrusion been extruded successfully. Il other words,
the operating conditions can be varied and

4. Water or oil addition to dry ingredients controlled sufficiently to accomplish suc-
cessful extrusion.

5. Discharge openings and/or screw configura-
Lois 2. When extruding cereal grains with less than

307 whole soy, the addition of water or oil

0. Speed of extruter directly to the dry ingredients mixture is
necessary to control temperature and/or

To obtain suiltable operating data it was necessary to excessivc product expansion which tends to

run air ext ruder Ior 2 to 4 hiurs and required about block the outlet of the machine.

I to' 2 tons of raw ingredients. The following varl-
ales were measured during our testing program. 3. Grinding raw feed grains prior to extrusion

improves extrudate utnformity and reduces

1. Feed rate power required.

2. Moisture content of dry ingredients 4. Extrusion of cereal grains normally requires
320-35 0 'F barrel temperatures to achieve

3. Mulstore additions proper cooking. Extrusion temperatures of
280°F for soybeans is sufficient to deacti-

4. Extrusion power vate thermally liable constituents.

5. Granulation of feed 5. Corn, sorghum and rice extrude similarly and
handle well in both extruders. What and

6. Extrusion temperatures millet require large quantities of power and/
or the addition of water or oil. Navy beans

A simple data sheet summarizing these variables is must have added oil to extrude successfully.

shown in Figure 1.
6. Work to date on texturizing vegetable pro-

teins has been inconclusive. Modifications

Ingredients and Operating Conditions to the extruders need to be made to facili-
tate feeding of high-protein flours before

A wide variety of raw ingredients has been tested their capabilities can be determined.
and extruded on both extruders. A complete list of
raw ingredients tested is shown in Table 1. Extensive 7. The Brady Crop Cooker requires slightly less

work has been done on corn, sorghum, wheat and rice, energy per kilogram of product than does the

normal ly in combination with soybeans. To a lesser Insta-Pro extruder. Because of the greater

extent, work has been done on other combinations, some puver addition in the Insta-Pro, high cereal

of them in LUC test locations using ingredients not formulations are difficult to extrude without

normally available in the United States, overheating unless 5-8% water is added.
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Because of its larger size, the capacity of A significant amount of planning and preparation
the Brady is about double that of the Insta- needs to be done before a successful feeding program
Pro Model 500. The discharge nozzles on the on new nutritious food can be Introduced. This is the
Insta-Pro make it particularly'suited to case also when a new LEC project is undertaken. The
manufacturing shaped pieces used as snacks CSU project stands ready to provide a broad range of
or cereals. backstopping service to qualified projects.

Suitability of LEC
Operating Programs

These studies on tile two LEC's tested have shown
them to be suitable for tile production of nutritious To date one LEC installation is operational. A
human foods in LDC's. Their operating flexibility Brady #206 is being used to cook locally grown de-
allows them to use a wide variety of ingredients so hulled sorghum In Sri Lanka which is mixed with WSB
that indigenous nutritious food products can be manu- to extend tile imported product. Developed In conjunc-
factured in LDC's, taking advantage of local raw tion with CARE/SL, the project was implemented as part
ingredient availability. Extensive experience to date of a three-phase program whicl, will eventually lead to
has set guidelines on the operating conditions, plant tile larger scale product ton of a locally manufactured
requirements, maintenance requirements, and costs to weaning food (Thriposha).
manufacture a variety of products. Additional work is
underway in tile following areas: In the Sri Lanka situation, CS[U has proviled help

with LEC plant design, equipment select Ion and pur-
1. methods of fortification chase, plant installation and start-up. The plant was

in operation 8.5 months after initial planning was
2. fiaished product enrobing and coating completed and has operated 2.5 months. like all new

operations, production is IucwLeasnlo with t ilte, and
3. packaging normal start-up problems ark be 1 og resolved. Prior to

start-up of the process, CS11 had partlIcipated In tile
4. analysis of nutritional characteristics evaluation of LEC sorghum products and conducted sam-

ple Infant feeding trials.
5. determination of product properties--

physical and chemical Currently, discussions are being held with
Tanzanian officials concerning the development of a
LEC project which would produce a CSB-iike producL.

Designing, Implementing and Evaluating Feeding
Programs

SUMMARY
To complement the work on evaluating tile operat-

ing characteristics of the LEC's, the CSU project has Extensive testing of LEC's has shovm them to be
developed the capability to assist in planning, imple- versatile and capable of extruding a wide variety of
menting and evaluating feeding programs built around cereals with legumes or oil seeds. CSU has developed
the LEC technology. Foods to be manufactured on the the capability of providing a broad spectrum of tech-
LEC's need to be designed to meet the specific nutri- nical assistance associated wiLh LEC technology.
tional needs of the local country, to be acceptable to
the target group, and to fit the food delivery or dis-
tribution patterns existing i the country. Working
with local counterpa rts, PVO's, governmental agencies, REFERENCES
etc., assistance in product formutlation to meet nutri-
ent needs using indigenous cereols and protuin sources de Muelenaere, I. J. II., and J. L. Buzzard. 1969.
can be provided. Teams of nutritionists, food scien- Cooker Extruders in Service of World Feeding.
tists and engineers can provide on-site assistance in Food Technology 23(3):71-77.
product formulation, manufacturing requirements, cost
estimates, quality control requirements, and product Mustakas, G. C., W. J. Albrecht, G. N. Bookwaltsr,
evaluation, based on the experiences of t:ese studies J. E. McGhee, W. F. Kwolek, and E. L. Griffin.
to date. Efforts have been focused on manufacturing a Extruder-processing to Improve Nutritional
CSB replacment made on LEC's as a; important illustra- Ouality, Flavor, and Keeping Quality of Full-
tion of the capabilitLies of LEC's and of the range of fat Soy Flour. Food Technology :14(1l):102-108.
work required to produce locally manufactured nutri-
tious foods with tile LEC technology. Mustakas, G. C., E. L. Griffin, L. E. Allen, and

0. B. Smith. 1964. Production and Nutritional
Technical Backstopping Evaluation of Extrusion-cooked Full-fat Soybean

Flour. Journal of the American Oil Chemists
Prior to the initiation of Colorado State Univer- Society 41(9):601-614.

sity's LEC project, Brady crop cookers had been sup-
plied to INCAP in Guatemala, EAIRO in Kenya and Bogor Smith, ',. B. 1969. History and Status of Speclfi,:
Institute in Indonesia by the USDA/ERS with funds pro- Protein-rich Foods--Extrusion-processed Cereal
vided by AID. In addition, Brady extruders have been Foods. In "Protein-enriched Cereal Foods for
purchased in Costa Rica and Bolivia. In all of these World Needs," Dr. Max Milner (ed.), American
cases, project personnel have assisted directly with Association of Cereal Chemists, St. Paul, Minn.
consultation and training of local personnel so that 55104.
they could test and apply the extruder in the produc-
tion of nutritious human foods. The status of these Tribelhorn, R. Jr., J. M. Harper, and M. L. Stone.
specific projects will be discussed in this workshop 1975. Evaluation of Simple Cooker Extruders for
by representatives from these institutions to better Use in LDC's. Paper 1/75-6522. Presented at the
define tile interest in LEC's and their application to 1975 Winter Meeting, American Society of Agricul-
food processing in LDC's. tural Engineers, Chicago, Ill.
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Table I. Summary Data Sheet

A. INPUT AND EXTRUDER CHARACTERISTICS

Proportions of Ingredients 
a-If Q Temp eratures

a U..0 
-'

Cereals Legumes Minor w --

,, - - - I - I:- - - I- a --- = - T

- M
I C ~T T T 2 T T

' 1 2 3t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _~~4 ---_ I III _

Comme nts :_ 
_

Comments :



Table I. Summary Data Sheet (continued)

B. OUTPUT PROPERTIES

1. Sample Number 5. Urease Activity

2. Moisture Content 6. Solubility

3. Bulk Density 7. KJeldahl Nitrogen

4. Density B. Fat Content

9. Appearance

a. Roped c. Puffed e. Erose

b. Flaked d. Smooth f . Porous

10. Texture

a. Hardness

1) Soft 2) Firm 3) Hard

b. Brittleness

__ 1) Crumbly 2) Crunchy _ i) Brittle

c. Chewiness

__ 1) Tender 2) Chewy 1) Tough

d. Gumminess

___ I) Short 2) Mealy I) Pasty 4) (ummy

e. Adhesivenesm

___ 1) Sticky 2) Tacky 1) Gooey

f. Particle Size and Shape

1) Gritty .___ 2) Grainy . ) Coarse

g. Other Characteristics

_I) Dry .... 2) Moist _-. 3) Oily --- 4) Greasy

11. Taste

a. Raw b. Cooked

12. Flavor

a. Bland c. Toasted e. Cooked with some

b. Roasted d. Burned uncooked particles

13. Constituent Flavors--What flavor Is prevalent?

- a. Soybean ___ c. Rice e. Wheat ___ g. Other

b. Corn d. Nilo f. Nut

14. Flavor Score

I I 1I L1L LIJL L
0 5 10
dislike no like flavor
flavor flavor very much

15. Odor--What constituent odor is prevalent?

a. Soybean __ c. Rice e. Wheat g. Other

b. Corn d. Milo f. Nut

16. Odor Score

I I I I I i
0 5 10
Putrid No odor Agreeable

17. Color Score--mark appropriate box
Y

w Brown
18. Color Consistency

a. homogeneous c. nonhomogeneous, but one color dominates

b. homogeneous, except for Which color? -_ _

dark (or light) spots What is the other color(s)?

d. nonhomogeneous
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Table I. Summary Data Sheet (continued)

C. STORAGE PROPERTIES

I. Sample Number 3. Humidity Stored

2. Package Type 4. Length of Storage

5. Appearance

a. Roped c. Puffed e. Erose

h. Flaked d. Smooth f. Porous

6. Texture

a. Hardness

l) Soft 2) Firm 3) Hard

h. Brittleness

1) Crumbly ... 2) Crunchy 3) Brittle

c. Chewintems

.. I ) Tender .... 2) Chewy 3) Tough

d ;nmness

1) Short 2) Mealy 3) Pasty ___ 4) Gummy

v,. Adhesiveness

1) Stitkv 2) Tacky 3) Gooey

1. Part I, Ie Site and Shape

1) G;rtty 2) 3rainy 3) Coarse

g . ther Charar ter ist it's

I) trv 2) Moist I) Oily 4) Greasy

7. Taste

". Raw h. Cooked

8. Flavr

a . Bland . Tisted e. Cooked with some
uncooked particles

1). Roasted d. Burned

9. Constituent Flavors--What flavor is prevalent?

a. Soybean c. Rice e. Wheat - g. Other

h. Corn d. MilI f. Nut

lt. Flavor Score

... _ -. J - -. -_ .. L _ . .. L .. - -- J__ -__ I._ __
O 5 10
dislike no like flavor
f lavor flavor very much

ii. Odor--What const ituent odor Is prevalent?

a. Soybean c. Rice e. Wheat - g. Other

b. Corn d. Milo f. Nut

12. Odor Score

---- I I I
0 5 10
Putrid No odor Agreeable

13. Color Score--mark appropriate box

Y Bo 1
IL L a
w Brown

14. Color Consistency

- a. homogeneous ___ c. nonhomogeneous, but one color dominates
Which color?

b. homogeneous, except for Whi tolo _ ________What is the other color(s)? ______

dark (or light) spots d. nonhomogeneous
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Table II. Summary of Results

Percent Cereal
50% 70% 80% 100%

Test Parameters Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady

I. Corn/Soybean Combinations

A. Average feed rate (kg/h) 232.5 451.7 227.5 474.9 281.5 471.3 325.1 449.5
B. Average water added (m

3
/h) 0.0 0.0 0.0073 0.0 0.0432 0.0051 0.0454 0.0083

C. Temperature cooked (*C) 152.8 166.1 154.4 165.6 167.2 165.6 173.9 175.6
D. Horsepower 31.0 58.0 32.0 61.0 39.0 64.0 42.0 61.0
E. Specific energy (hp-li/kg) 0.13 0.128 0.141 0.128 0.139 0.136 0.129 0.136
F. COnsistoreter (diameter, cm) 22.9 21.8 22.9 19.7 22.2 19.1 23.5 19.1
C. Bulk density (l/cm 3

) 0.53 0.24 0.51 0.16 0.86 0.13 0.35 0.13
I. Puff index (g/cm

3
) 0.42 0.36 0.25 0.23 0.44 0.19 0.34 0.15

1. Urease activity 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

II. Sorghum/Soybean Combinations

A. Average feed rate (kg/h) 287.8 341.9 261.5 381.4 328.7 411.3 294.2 385.9
B. Average water added (m3

/h) 0.0 0.0 0.0318 0.0085 0.0409 0.0085 0.0454 0.0090
C. Temperature cooked (°C) 162.8 166.7 172.2 172.8 171.1 171.1 176.7 178.3
D. Horsepower 52.0 51.0 49.0 46.0 52.0 54.0 50.0 57.0
E. Specific energy (lip-h/kg) 0.181 0.149 0.187 0.121 0.158 0.131 0.170 0.148
F. Consistometer (diameter, cm) 25.4 20.3 19.7 15.2 16.5 12.7 15.2 11.4
C. Bulk density (g/cm

3
) 0.55 0.39 0.44 0.22 0.43 0.18 0.39 0.195

H. Putf index (g/cm
3
) 0.51 0.51 O.O 0.41 0.37 0.28 0.33 0.28

I. Urease activity 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

III. Wheat/Soybean Comb inat ions

A. Average feed rate (kg/h) 305.5 419.5 256.1 467.6 267.0 470.3 291.0 517.8
B. Average water added (m

3
/h) 0.0 0.0 0.0091 0.0 0.0091 0.0 0.0273 0.0076

C. Temperature cooked (°C) 160.0 165.6 164.4 173.9 165.6 168.3 160.0 165.6
D. Horsepower 52.0 50.0 49.0 (1.0 56.0 56.0 59.0 53.0
E. Specific energy (hp-h/kg) 0.170 0.119 0.191 0.130 0.210 0.119 0.203 0.102
F. Consistometer (diameter, cm) 25.4 254 16.5 24.1 15.2 21.0 12.7 13.3
C. Bulk density (g/cm

3
) 0.51 043 0.36 0.37 0.23 0.36 0.31 0.25H. Puff index (g/cm

3
) 0.55 0.35 0.32 0.42 0.21 0.41 0.31 0.33

I. Urease activity 3.0 0.0 0.0 o.fl 0.0 0.0 0.0 0.0



Table Il. Summary of Results (continued)

Percent Cereal

50% 70% 80% 100%

Test Parameters Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady

IV. Rice/Soybean Combinations

A. Average feed rate (kg/h) 231.0 349.2 228.0 449.7 N.T, N.T. N.T. 435.6

B. Average water added (m
3
/h) 0.0091 0.0 0,0136 0.0026 0.043

C. Temperature cooked (°C) 151.6 162.8 154.4 173.9 165.6

D. Horsepower 26.8 63.0 23.0 62.5 58.9

E. Specific energy (hp-h/kg) 0.116 0.180 0.101 0.139 0.135

F. Consistometer (diameter, cm) 25.6 21.6 22.2 12.7 7.62

G. Bulk density (g/cm
3
) 0.58 0.429 0.48 0.261 0.136

H. Puff index (g/cm
3
) 0.49 0.352 0.41 0.379 0.164

I. Urease activity 0.0 0.0 0.0 0.0 0.0

V. Whole Corn/Dehulled Soybean
Combinations

A. Average feed rate (kg/h) 324.8 294.9

B. Average water added (m
3
/h) 0.0068 0.0

C. Temperature cooked (C) 148.9 171.1

D. Horsepower 30.7 52.1

E. Specific energy (hp-h/kg) 0.095 0.177

F. Consistometer (diameter, cm) 25.4 20.3

G. Bulk density (g/cm
3
) 0.472 0.180

H. Puff index (g/cm
3
) 0.425 0.280

I. Urease acLivity 0.0 0.0

VI. Corn Grits/Whole Soybean

Combinations

A. Average feed rate (kg/h) 
323.7 324.0 N.T. 292.3

B. Average water added (m
3
/h) 0.0057 0.0 0.0043

C. Temperature cooked ('C) 146.1 170.0 173.9

D. Horsepower 36.5 40.3 69.7

E. Specific energy (hp-h/kg) 0.113 0.124 0.239

F. Consistometer (diameter, cm) -30 19.r 10.16

G. Bulk density (g/cm
3
) 0.484 0.2l 0.13

H. Puff index (g/cm
3
) 0.425 0.29 0.12

I. Urease activity 
0.0 0.0 0.0



Table II. Summary of Results (continued)

Percent Cereal
50% 70% 80% 100%

Test Parameters Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady Insta-Pro Brady

VII. Dry Bean Combinations

A. Average feed rate (kg/h) N.T. 404.9
B. Average oil added (kg/h) 5.68
C. Average water added (m3/h) 0.0
D. Temperature cooked (C) 146.1
E. Horsepower 48.0
F. Specific energy (hp-h/kg) 0.119
G. Consistometer (diameter, cm) 14.0
H. Bulk density (g/cm 3 ) ';.497
I. Puff index (g/cm

3
) 0.492

J. Urease activity 0.0

VIII. Peas (dried)

A. Average feed rate (kg/h) N.T. 333.3
B. Average oil added (kg/h) 5.68
C. Average water added (m3 /h) 0.0
D. Temperature cooked (*C) 165.6
E. Horsepower 47.0
F. Specific energy (hp-h/kg) 0.141
G. Consistometer (diameter, cm) 25.4
H. Bulk density (g/cm 3 ) 0.547
I. Puff index (g/cm

3
) 0.410

J. Urease activity 0.0

IX. Dehulled Soybeans

A. Average feed rate (kg/h) N.T. 300.0
B. Average water added (m

3
/h) 0.0

C. Temperature cooked (°C) 115.0

D. Horsepower 39.5
E. Specific energy (hp-h/kg) 0.132
F. Consistometer (diaeter, cm) 12
G. Bulk density (g/cm ) 0.25
H. Puff index (g/cm

3
) 0.34

I. Urease activity 0.0



Manufacturers' Experiences with LEC's - the Brady Crop Cooker

Marvin Van Peursem
Koehring Farm Division

Des Moines, Iowa

The Crop Cooker soybean extruder was developed by I might add that several of you know Gerrythe Brady Operations of tie Koehring Farm IDivision Will iamson, our chief engineer, who headed this prol-during 1969 and 1970. The principal objectlve was to ect, and we feel he di a very good Jlob In meetingmanufacture and market a machine suitable for heating tLlee design parameters. The final design Inc hides
soybeans sufficientlv to dtstrov the trypsin growth three key features:
inhibitor. The result ing processed material would be
used by farmers for livestock ratloes fed primarily on 1. Aln approximate 15-cm-dialmeter, I-meter-longfarms ill tile United States and C>nad,i. extruder dirtectly conlected bv a s tandard

power take-ol output shaft to the farmAt the outset, we established the following tractor. The extruder rotor is asiisembledbasic design parameters: from shall . VyiIlder tUht antd repNlIaceable

coil (flight ing) component s with a minfluim1. Utilization of rotating shaft power from a amount of costly machlnin lg I hor.
variety of common1y used United States
on-the-farm tractors. 2. The miichi l e i hides a s;ell-cllt 1liiedt oil

hydraiilI Ic svst em with a livdrlu1 I c pump, o 1l2. Portability for multi-farm use or at dif- reservoir, oot trol valve and hdttulic motor.ferent soybean storage locations on the This met or tU'lls a swill U Which Ilmtel's
owner's farm. the gra n ill from t lilie, hillptr i it tie

lIlet of extrudt r. lWith the cont -, valve,3. Relative simpl icitv of operat ion compared the iiieterin, ; tgr tpeed mav Ie( vaiield Irom
to other grain conditioning or processing 0 to 50 revi, lut hn, , r )I inut ,, 'l'hii , InImplements that al lnited States farmer tiirni, Ie,llallL s tl viiilulht' sil it I "
is acquainted with. oither gra ins iicLeted into I IlI, cxt iidti . it,

Valve sett il l i 110 ,,) r'11 tii r l i ti 1iW i ni iuolt ii te ll-4. Realizat ion of the critical Iiachine price- puLture ind l e ,lt lu); -ipai'it V i elltillug en
to-performlanceT expectat ion rulat ionship avai iable t -trt u htrsipowvr.
which exists in tie '. S. larmu m;chinery
Industry. During the design phase of the 3. From the iniet , t lt, iin ii, I lt, extruider
Crop Cooker, anticipated costs oif mani- chambier Is moved by tei extrudter rotor
facturing wert continually reviewed. Our (turning ;tt 50)0 to 1,200 rpm, dhepeindiilug
objective was to Milli lize tie lllahille cost on1 the horsepowtr size of tli t tractor orin line with the established cost performance power intlt) to the dl;hilar,,e tl nl. The grain
relationship. temperature rises upon approalchin, the ills-

charge. The dischairtge nld ionI sts if a
replaceable, linear ad u ;itaille, 1i-cm-I1TNO dillmotet ione wit li apprix imat ely 1-im-itiesurfa3ce thaLt matchecs ;a repla(elte,l tfixed
machine Is ini operat ion, tlit I ei r'arciu• cup. By~ means of a, s ;lip e cr nuk , wli lie tiv'_

betweeni the rott lug roiliu inldl iIxed iiipcan be variled to chlainge Lile ext til lg

a I jiistemperit ire. Tht, extirui t e is l ni;chal vd
lie ri n sc li pretdelt ermln d sA iape I re iilliund I lit-'a.' ' % "p e r i p h e r y o f t h e l O- c r- d iiiiiii t t ,- r o t a t I n g ,

• " , ltile ad justable conet tuIrn in, Within til e h I l I tuJ) aIt
" " , .t h e t d i s c h a r g e , t h e, m ; i t e r k i l hw l n e x t r u d e ( s ; l ] ( i n, -

c ulude some lubricant suih as oi wit hin th soybein.In ot her wurid n ii ioil Int i ins t I matIr i;i I s wh I II
get he] ow 30?, sOVIiyba yiiU nt'Cd semit LI) (p iIf lbiic aut.

Over 300 Brady croI Cooker extruders have been
put into service. Sirit are powered by 10e horsepoiwer
electric motors, somc by gear and cliitch equipped

Figure 1. Brady #206 Crop Cooker. diesel power units and many by approximately 65 to 130

2 9



hursepower farm trat tors. Most of the units are in replacement or build-up by weld after extended ser-

tte tin United StateS farms, extruding soybeans for vice. The full length, or a portion, of the spiral

livenftock fe'ed ration Ingredients. A umber of units flight ing welded Intermittently on the rotor can also

are in use outd at e of ie United States extruding be replaced when worn to improve machine performance.

variou rilixtures. The complete rotor can be easily replaced, also.

Normal operating maiterari( e Includes: Our company desires to meet the needs of the most

potential users whether on United States farms or in

I. Luhril ate Ih,- front tarintg assembly and Its less developed countries. We believe that our basic,

ad)jstatl]I hoosing with multi-purpose type original des ign parameter remains important; that is,

grease at the re ,mmended 'u and 10 hour to minimize tile machine cost in line with the broad-

intervals. ;evrially, hi' lifte of this est, potential user performance expectation. Witt)

bearilng assem-jty proierlv Itbriated exceeds this general policy, we realize that our machine will

1,500 U.!;. l ti , not meet all specialized user requirements. For

instance, we cannot change discharge dies to make

2. Cherk llt -d-t1ri -it 14-il le l In lie hydraulic different shaped products.

oil reservoir ,ind pi r r belt tension for the

hydraulic opump drive, which Is reiquired to We seek to bil Id and market a general purpose

operatn the rI,int ring ;rg, . ext ruder in suffic lent high quant ity to insure the

most economical manufact tre. This means a standard-

The pr it ir'la I wear igw t iiponiiit (litI tlit Crop ized design fur purchasing the necessary required com-

Cooker extruder ire lh rpi;l, b] processor cone and ponents and manufacture in our factory in large quan-

mat lug r1ip. ,leD lnri 
,,  ig thc lTxInu( ;, types of grain tLity production lots. We are interested in following

arid conditiot it ti lt. ga in, i}h lll h ,r I t HiSe (rM- successful new uses and user adaptations of our Crop

ponents anry vary a; Itrlh i;i I Im W rVI'r )() tons (town IS Cooker extrrder . To insure low cost, we do not plan
low ii IIO 0 tolvi. s's(' i!iVi. dirt, !,;Itnil ir stories in tile to manrfactire modific;tions of our general design

soybeall heiln, prcir'--ri ripll wear. generally, until we can prove tIre tusLification for most

iri-otl s(erd gritr' iii ,ri', irst do wear. This wear potential users.

ini evident when It tIrirrier' ixir.ilNly dif icult to

maintain dt;Ired oilirt ig , t eTiperturtores ty the normal To summarize, the Brady Crop Cooker extruder is

opvral I adusiimunti a low-cost extrusion cooker developed initially for

use on farms in the United States. We are pleased

The rotor will also slowly wear, the greatest that it may also meet a need in other areas of the

wear hlt'ng near tie discharge end. Eight short agita- world, especially in those less developed countries

tor hats welded to the rotor at ithe discharge may need seeking to fulfill protein food requirements.
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Manufacturers' Experiences with LEC's ' the Insta-Pro Extruder

Lerov .1. Ianson
Triple "F" Feeds;

Des o ines, Iowa

Today, I would li,,e to explain what led to the Recent work at till, U1niversity of Georgia by l)r.
development of the Insta-Pro Extruder and also. review M. E. McCullougli has shown a vi ie ist i-c itIcfcl whllen
for you the development of tile soybean. whole extruded soybeans are ted with ilte whole corn

plant . This work Is in its iuIi.Incv, 11t it It lcattis
Originally, soybeans were raised ill tile United that wleni whole soybeaio; aIre led with torinI ig, tie

States and around tie world for their oil cottent. response is greaterF tha illh apptllletit i'iiigV iuit'ii-
Soybeans were brought to tie Un ited Stiltes is ballast but ion of tie ration. Thi i i- verv rilpolrlit I rtilla
for ships and were grown as a il' ,tTle for hay. our log ecollollic standpoinlt tor I ivestoclk pilodic Iou. P Itlos -

World War II , tie price of tat becime very hi h igi and we pho 1 ip ids are als ;o inl)O'tant to liiiiiii i Hot I I t lon,
started extract ing ol fIrom tfie soybeans . Thos, for because tiey have to do with uptake of tat in thit
approximately the past 20 yearls, the soybean was intest inal tract aiiid are contained III Ain l l ivlng
raised primarily for its oil coLLtent,. cells.

However, during the i)-ve.ir period from the early
1940's, the price ot oil 1luictuiit cd from 40 to 50
cents down to a low of 7 cents p(r o)uld. When oil Is
low in price, the meal or protein frict ion of the soy-
bean must carry tie Imajor port ion of tie sovbueai cost
In the late 1960's, tie anmer was raising soybeans,
selling them to a processor who removed the 'i ;lild.
then buying back the meA wit ti the oil rtnoved for
more than Ie or ig illy rIce ivedl I o- tbem . 'ranspor-
tatiOn costs havealso tecome a moret! i ignileant cost,
in add ititon to stiriik.

In1 1961, Triple "F'", Inc. decided to do something
about what appeared to be in inequity to Lte farmer.
We thought aioiit it, watcihed tlie oil price, and devel-

oped supplemental products to use with hilh-energy
soybeans, but it Wasnt until 1964 thalt work started
with the infrared process , now call ed t lie drv roast Inv
process.

Dry roasting involves a process where btualis are
roasted whole with no mechanical processing such as
grinding. We worked with that process for five years
on tile premise that if you ground tie soybean it wou lI
turn rancid. Larer, it was found that if tie o I
cells are ruptured they release a phospholipid known
as lecithin, which acts as a natural ant itxidant and -

keeps thle beau ittuiii tii r nii lg raIit I d.

In 1969, 11r. Wayne Fox, P'resitent of Tril t "F 14'1'
thought of the idea of dry extrusion, and we built an 1
extruder for soybeans atd hegan selli tng a commercial ft
soybean extruder in the fall. The soyieans did not
turn rancid because ill tlhe ext rus ion process eiloiigli -
lecithin was released front the oil to keep that from
happening.

The reason that high-energy soybeans are so good
for livestock is that the oil is used for energy, thus

improving the animals efficiency significantly,
usually about 10%. Not only do whole soybeans contain
38% protein, but they also contain 18-20% oil. The
lecithin is present ill the oil fraction at approxi-
mately 4% of the oil. Figure 1. The Insta-Pro Extruder.
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Our company now has several hundred extruders in A liquid injection system has recently been

13 countries thrnighFot teie world. There is a great added so liquids can be injected directly into the

interest It) ile extru'I, il oil'tet hill(-e ;Oyheans must barrel. Liquids act as a lubricant and can expand

he hIat d before Ihey ian Ia'( ontsiined ly I livetock or greatly the type of products that can be extruded,

liumarne . itre an' riiaiiy area! ofl tit world thai can including products with low oil contents, such as

ra lir. i;oieaty iu, blit 11011 hav(, a ]low-clost r ians of grains.
pri I, l ,ip t thein. 'lhi I- lit;j-P

r
o IE t roller alloiws tiv'

beg ItllIg, of I n I hlolf;t ry ol a ';ma, i]-ia]i basIs wit h- Also, the ]nsta-Pro Extruder is available with a

(till hui, ' apil.tl lmultiple-head die. Tis makes it possible to vary the

size and shape of the product. A knife-type cutt er

ll' of thef f ill ! SI t I y ", In l4,vellop ing till, which fits ol tilt nult 1 iple-,le head also makes it

Ilrisa-Iro Ixt imle. wi', ito I hill i w.I ll v(llqp heat possible to alter iti(' length of tie piecles.

iy fit 1tI o . i n;I l iIn mlIri Il hit we well? tlitouighh f v
•iars of t -!t Iii; 1, .li vlo t o f pro, .e,sI n i, inetlulIs. lie basic ristrit it s l varied i i our machine

One ll t ll' hrl I,'w; wit h1 t Ill' I fI' i l Ilt ihod of accord ing to teilt prodlctll and the lrilllt of heat needed.

let ill I sl, ii' ,litig I ,151 "t irld I I res. Soyv- In otlher words, dliferenit Sizes of stelm locks or

el ta;, h l' r illi iv, hay'' Ircslh Ill thfll'--il lls, restrictors, are th;lllneld dipetlllig oin whether you are

leavsi allnd a ' whi h i ,' v'rv t imi!allile. processing syheanllIl I"- corn. A disposable wear ring

surrounds this restricti l, which an Ile entirely worn

Willi ih(' In ; it-Plo I xt rolhfr, till- liiii e converts (tilt by placilg wishers eiltier before oi after it, or

lit)rs Ilo,w(-r t flieal I rlitllIl f I ill- t1 ' l ii o f1 ftitl SOn fiy rivetrsfluI it. 'Ilit, il,; ('illi lo put into the extru-

ther, I !; in ll f I',ll oll I ir . Tl,4 hIlat Is ll(ldid to der from ,ithti It two local fil!;: they c ian he force-

dst roy I li( t ryf';li itfInh titors atd th ril lrase act vii v fell ilto tite sfdt, tlillt l ttl illle with a screw, or they

Ill |le f ill ybilll'i .l hi be pitt fIlto th ' tt) Il till' hirrel with I a vibratory

fe eder. The littIer Is i le wi we originll ly started
Atnt lh(,r illjIt lv, w,i S Ill ilm'i iI h i; ll V r 111d til WI t i stlylg ell; S, fIVC'tlSli ' it hI t US dl two thlit S: first,

woy b au li d ill (Ni'Vel' I ;'ll I cii V l'l i ;lll'l so t hla t ' wily to tue e te r t'l ei l l l ;I Il t i l t l i S tO C I ns--t ti e lse

whenu thie pr I' wa ; r li, t,d t ,i lit i llllltsphere till, ct a I 'llt ,li Ill till-' th ll'tt; alid secodlll, a rothod to

ll I i el wm1ld i upt t,,il In add ll , 1 i miffio t ied selparat t I ise rocks and trash t rhat W ,-1 ig than ti e
proc'eis I h;it woldl ;ivo~ld Ih( I ( ivcls:; it ti)lt both| pru,- soy lv l sl:. .)lei.;or /illy ofthcr prodotl' shoui ld b)e

p u litU., otmillix I lv'li ' ; , l v iiIil t wast cii w' h iId prior tol ttIll 'l It hll oll , 1f0tli h t 'oId ts to

re u i d W ll t ' l 'l ill o1 h-vo Iop a I 'wI? fll atI I redlge Itii isiti Mil il Alli 1111 ' li IWIX iM l tions o I etrO-
wt I il l I tv f l ' Ili t iii ty le, itl fil ,l iIiI flat was OfIl e ft rgv be i n ' ch g Iit 1 li; v o r ct ion .l
ivt xlils , tiiiigli " ilt wit 1l dI (,!;, -I , i'tt'Igor l eat rbi-t. modulator In the c, lc ,l tl iial ii t -s. which interrupts

e iave ve r lt ii' l ug',r d Xillll I I . P I oIl l hod ti w e tLill ,Ir fit i'I I Ill iow to t t ei o 1111tr:; mt' t it .riIv was

ofl itoll ay fii' lit , MCI I lll 511 il t 1h11d W iii Iid I tng adcd . This di v I L -l'v llt ; otver ,oadings tile motor and
lIqu(11 ISds 11-(.('t 1v |il to I he, 11.1r'r 4. 1 as w(,I il!; shali nkl} provides it somtcwhl t em i tl~t omil c olper IlI iln So ;IS to

and u t flit ii rouw t u n it; r e ie , ilwaxtm ze thelt' ( t ill?? tlireiV i

Ath o thet r ( titit , iil wear i-( ihi, ft' ii l i hs le Ii iiVs t hI rt lil e t l' 'o p o ;v't appl i;i l ions f it our extru-

'osts ; tit a 11ll11llili. Wet' 11U1ttd aI IIttchhe ttl sillal|1 aid der, it ii i still prin tilv us ld as o ,riinally

llexpeusve t'llnlith io be pla cd Ill strategic locations desi lned-- l t ', ,dlll ii 111cts. W ith til , type of

to avotd t high l i , h1 t ' a;tlt I 1ll hull tilt- s t't, l lis low-cost ixt iLsio lll i , ii t ioll ;Is sit '. fO heat,
ur whateve r l' ; .ilu', ( h. (iud iit Clntrolling ii i l , t wear oil or tist ih iA I llill ll iL's it , st bi i-v's tvui . You

of dispostable t;irt't; was also cr-iIce i t cil . W I I It I I t oll, cani ofperat t ;i nliii rit ofts antI 8" ts sed ol our
convertinlg hollst-p t-(l- [t) !l ,;l weal res.ults, sit with eV pL, rielnce. At that lovew Vo W m ig'ht wanlt Lo ;)dd so~me

wite I lISta-Prlg IXtrllIt' w l I S CO ll t 'd I t) It o xti it tIs t t';ii t'tI, I 't' I!1 1r 1) 0 W r t' -(Ii ' I it'l rtii i ri nil
partis that[ are( Ht-l I(,;I!;[ cos.*t IV ' L) replace,. yOU C'all IU,0 W~il[ I' t . 1't' roll! lilt'l\' cook cornl with water

i es te o valy s ifpet of lddit iotl lubric nt . Products

Last IV, WsC Wiill 01 (t i il hI fV ile Oifriilt foi and CIx also it' i i1ot l0flld t llt lf i U lessyol is odded fto
malite nall e tso thatl ,roatiVl ill is ined t ople Could to le product wi' ItnL'il i vIf it , et o hot. Olle Of tile

operate li exlitruder. Theaicil I o. i l extru ptrt s tsid i'll tl' way is urea, al dry synthetic
tiers ul (lile mlarket require highly trained people, form of uiiLrOI.en Whlich) Melts and ;WtS ts s a lubricant.

while trainin, Sohh eIth e t ia perate tite Ist-Pro Extri - Inli tis cise, tilt' fichil is preheated with all oil
der takes few days it, son as the person aas some seed .

mechanca I awit u ttIde t
Nests vary 1ttel' otilLe product dowever,

The nlext Subject- Is tile basic design: hiow is tiht extretIon Isunot rt, conlllenlded uless you (d0 something

itachline cnstructed, and how does its cnstruction to tle product to !itnpove it. Effective extrusion
affect the operation. Basitcally, the extruder starts denatures tile lZViLt, s Alld ruptures til fat cells.
iithe a CyllirCally slapCd tfldilt)( ofSiihed il sections. Expansion can e tlemportant hi some products Gelat -
There are four sectIons so you cal Imagine a r lund nza it ito f tilt, stfi arch ca n hli importnt . Ali as-yet
tube with four sect ions Iiooked etogether. Within each unanswered questin is te importance of complexing.
section is ip screw and a rtrcl he whih Is needed ome of the literaure indicates that by extrusion of
to buill( pr~essutre and hevat, AS the prolduct passes fat products, o|1l seeds with Starch products, results
thlrough tile tithe by 110IlIs Of- tle1 Screw, eachl section itn cotnplexing, of the Starch :ind tile oil or thle fat

increases the p-esu ed y edegeS of thet r'ction, which i'ud Ile ilptralt nutrit ional. Put t ing prod-
As tile product works agaliris i tSol f, It creates heat ulctS Into dlifft~rent forrms canIl also Ile important such
anti whenl it uevars the tulbe end, tile restrictions get ais improvint, palatalbility, Sterilizing and encap-
smaller and snmaller so tile heat increases. In this sulating.

regard, each section ihas a thermometer so thlat tile
heat butiup call be monitored and the right amount of one of the masjor areas of application of our
heat can be produced. The degree of heat can be machine if- that of producing pot foods. others

altered by regulating the size of the restriction and include processing grain aid protein combinations for

the throughput in the tube. livestock feed; manufacturing a product using urea
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complexed with starch to slow down flit- releaste of an auger with the hottom cut out and a screen under-ammonia for ruminant animals; ind g'l at illTng starch neath. As tihe product passted ip tile iiugetr ilt santdfor baby pigs. fell through lit, screen. tlh'hu lit' l eall Itell
Ihrough inother screeni wle 1.' f lit. chaft went over t" it',The University of Wisciontsin is dling some top. That kind ol ctleain n mecl.nin t tl costs ailoit

interest ing work intl r. I Xt r1.t Ing itce I rom nothing and , I vo tv ti tct i vv.
alfalfa--heat Stealin, tilt- i e, c. , ti I atlng tli.
protein antl then extrudin,, li t- c ,iiill.int with starch 'lhe pltarts ill Hit' extlidt.i ar aide ot ';pl'cialsoutrces to make tilt, product pSliitable. .l iII Il a Lt Mt 1 .eel itd At, b it to tans d aI g.'t.it dal 01" a.ist ion,protein concentr,tte is it qui ilitv st rc d protti n. but flit acll ithi lit, hould [it, klpt ill ) tioll r'pair. Part sthat could b' i iimp ttn. t i ot l ( ot pi ttein (1or tie ShoUii be it' t'e lctd wiiatiht i' , n l ed, .iiid W' i t'ii t lfutlre. O Mtli ltot iV l iti0!; le 'tt' W lu 'it Oil hiit pitoc- whell the l ht' nill I.; shut diowti t t leie ltot ilees im, n f ai i t(vp' .111t \'t i t .111 1,1 str i n i to cIvtiltte l, betcAt . oil 1idlt I l . I , 1 I c't lit' ca ,led toll
accomplish a timelltt livpis+s ,ot that liact ,t ii0 ti lto tlit' s af t It Iti t ti aldrI.
deprade the protein in tit. p.itinih. :\ ltia i example.
of tile maltv possible Ippliclt ioi ; oI the mailt hiiie I' (li lpi'toAit'h to utiCli ItIlk- Mod i aI t iolis h1.!; ill'iithat of' using it to 1 ', ill-, Wa u v L pr illicts. ti o f iinod I Iv it Iai maiclilt- to I It til W ,[ d, A ItlIhoiugh

tht, biasIc p. Ill i l, 'a lth tit11.1 tll ' h.lii + t , ' , i.,av drho chu l I ititat hiln; 01 t Iii , Illt' ;iar' twO. sinct, Its fit tilt.ic t ion t I it,'9--t Ih., ,', v,'i. lin ofOne is that vo l I t] t uthricat iont to iottt nil I e l i u . fr l cLioi t heat . We lhvi i'iI','l ti 1 Itt1illi, wit IhTie other i; thlit 'tot1 iL t , ; , l' ,11- with d irtv Irespectt Ito sot.1 it Z, lt' opl.,l t it itlt; p, l
products , ll httgh i wgl 1t1. IhleIiAi i 1ii. t i COtlt Z t lie jist ilite, (to (li lo' l it odti t .a vI a11lit I , I t t''lIwear. As fill tr ;ii. tull 't . tl ld tililt Ili , tv e V Mlilt 1fit' to I ed iO he1( itat iII lt l , t e h, li t ,tij llt, w. Isis dIe gn id to

++  
t' ' [I , c e t t t Wit I 1 1)1 it-te t i t li , Iidtl. HIL' l t itt l III Mtiiu t litei'VtIah 'it g l l II t ieand thfe a t trt I' it l w il I I lc-mlw parlt% ii t ,l

+ 
c I '-Hier'o- TlIN t'h ilt', ilnd ,ill ON×[),1ll,10d It11111'l .111d % .',' 01l +. , t

fore, mnainteltlance is im rl t ilt t" p-odtitc. ; 'ipl It v lv Icks at.re tow taid Ii intllt, lc. ii, l it ,. i l ,i oI Iproduct . It is istitot f tit t io a,.v" il ll;tiit itt ill it,-td cts w h dlavi l ,i pti d tei, wit i luit'1 t lii v sy illsmaehillte to 1'O0ll10vO theL MIIti 1. It I i JIS11 i:lll t l illt anld Ior" pt I..I I e the. liult I 111'-h,,,id (li, I-WP; dev,'I l wn d
thtat t e il dust or (i rt .1t1il " lti it' remotl d lhv I iall i lt, sio lait t lit parodu t 1 ili IIt' shiatlp d . W4 It I t h I l1it I--'l otil' product )r0ior ti extra"l- Mlt . 1lit, i10 ,Al't. i tl)Li Wilavs Ex' t Il it' it l.a rItistl t. to ta l ii , I lit ' t n, tn il11 , toof doing this, 1f 'X;I tl> It, I sa;Iw i't-tit t Iv 'ill a 1 a1t- Itlonit tie c l. lIv p 'ncss ia v ' ta I.,lll ' t V lp " l1)'Iiod l t

ott a ctions I ttnt ai nd lu I I it v lt Is a .
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Colorado State University Extrusion Facilities and Systems

Ronald E. Tribelhorn
Department of Agricultural Engineering

Colorado State University
Fort Collins, Colorado

INTRODUCT ION TEsT PARAMETERS

The test facility de-signed and colstruvt d nt IheThe initial possibility of using low-cost ext ru- Agricultural IEngineering lesearcl Center at CSt per-sion cookers (LECs) in LiC's has been Investigated mits the control of the following extrus ion paralituei .thoroughly by the USDA (Crowley, 1973). Results from
this survey and researc). Indicated that ICC's an play I. Moisture
a substantial role in food programs and will lielp l.lC's
become less dependent on donated food it ems from the 2. Granulation of feed
United States.

3. TemperatureTwo I.EC's, tlih Brady 11200 Crop iooker and the
Insta-l'ro Model (00 ext ruttler have sihown poLtentl Il ti- 4. orifice opening
ity in processinlg foods. lechnology,, on tiese two
extruders has been liitt'd pri1 l;iiJv to i1l'11ce.sfniii 5. Cooling of finished product
whole soybealsi f0). ulLe ts livestock Ied.

6. Input rateThe reiiren Is tot a' food irvuct prollcssed liv

these extrolder; for us , b l1i11,1ui; rtherL thlu 1 by !ive- 7. Output rate
stock are coilsidt-u:lu lv diflerent . Init ial iv,stLiga-
tion Of til' l Wio eXt rulutl S v' t \veaI d thAt tliert, v i'w S not 8. Water added
sufficient in f01-v;it i11 n liei 0I1v p rattliim isfgln h gli
percentages of cerca ls aind cerl kinds. Tlis need 9. To rque
resulted in t e USDA 's i1i t iit il ai cooeL-r,lt e agi;ree-
ment funded by AII) witil the l)epartisent of Agric,iltural 10. Rotor speed (rpm)
Engineering, Colorado State uiver'sity, ti investigate
the two extruders and Iltermin, their utility with var- Additionally, the extruded products made ieur variousious grains in combination with legulmies or oil seeds processing conditions are evaluated for tire followlng:
to produce a variety of human foods.

1. Physical character 1st ics
01JECTIVES 

2. Gelatinization - consistometer

A research plan, along with the necessary equip- 3. Urease, where applicable
ment to carry out this plan, was designed. The system
was built around the following objectives: 4. Storage stability

1. To demonstrate and evaluate the suitability
of LEC's to produce blended foods. EXiRUSION FACILITY

2. To determine the operational characteristics The CSU extrusion facility was designed to permitand product capabilities of lEC's for the the greatest versatility possible anl yet be simple.production of low-cost human foods. The system has the c!,rabillty of feeding the Individ-

ual extruders from on,- to six lngred'ients at a time.3. To serve as a model for use in designing LEC The system consists ol the following equipment:
Installations to meet varying processing
needs in LIti's. 1. Jobn )eere 4G.'O dies( 1 tractor (90 lip, 540

rpm I'TO)4. To provide training and backstopping for
existing or new LEG-users In less developed 2. 4 - Read bulk tanks (capacity of 10 tons
count ries. each)

5. To serve as a United States facility for LDC 3. 1 - Modern Mi'l 'odel 600 (proportLioner/
visitors with interest in LEC's. grinder)
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4. 1 - B:-dy #7.06 Crop Cooker BULK TAM

5. 1 - inmta-Pro Model 500 ext ruder WMIIN0t KAJOR/I1Wi

INGREDIENT ING.REDIENT

6. M -cellaneous augers and spouting (incoming) HOPPER HOPPER

7. 1 - 6-Inch extruded product auger 
77

8. I - tranp)rt truck 
ERN MILL

9. 1 - ModelI A12 B1,11 tor(pie se.nsor

I0. I - tach-generator (sped dvtersiln;t Lion) L-V--.

Figure I gives the fIor plan of the facility . .- -

The arrangement it t, lieeimi piiieni permits opt imum it l-

ity by providing t,.l ' (e1e(I eq i liit liottro('l ion. Figure 2
gives the flow of the svst em III Woo, k d1 lagram form.

Theu maji ri , Iq lipemltit Is dii :ciisscd it -]( w to ;iid In INSTA-PRO

und rstandh i t he I i t I ; I St I I t v.

COOLUI

GRIIIND ER HL

Bulk Storag. Tinks

6" CONVEY ING AUGER

' T,: SPORT TRUCK

. Brody 1706 Crop Cooke

SMFigure 2. Flow diagraIUI of C2St! test facility.

Tru: k t t tn ti,, M)d F Hill

.4020 Die-.1 John D..r. "-

Figure 1. Floor plan vf extruder test facility.

BULK TANKS 9

Four Read bulk tanks (Fig. 3), each with a capa-
citY of 1( tons, are used in the system as storage
for major Input grains. The tanks currently contain
soy, corn (maize), wheat, and sorghum. Figure 3. Read hulk tanks.

36



MODERN MILL

The Modern Mill Model 600 (Fig. 4) Is used to
pre-process the grain before extruis ion. lhe miII is a W P'
hammer mill with inti rclihini;eaIti e screens tllt can he
used to varv t1he pa i.l., si /.- lf loo mi ,lt.' .i.s
for the extrIl '. .\dd ii lv i, it i iimill l th

capabilitv of Six illtit ,, lotir ma or and two ilint r.

'T'e tour viajor inputli il , till I*, I Itoppe. 'ti vii in-

ta in a ionstllnt I oW o e Ir I c I 1 1 it 1iom t i, Inl k t nks
Iwo lisppt cs .1 i U tsn ted 11n t Ili- P1iI ii t. d i1s

of minor illi ili.lli S or i 1141 It 1.1 tr il-iliredit'll s, 6'

The i l t I I lso i s ! v.i Ir i .1 .lt' - 011. r Ol t ht'

meter i iln it whi 1 a lows i t iltw I - . thills" i 111mt ill 'i A.11

flow ilts io th- -AI tiicl 111 i:'po, tillt t - , II I o

insure ci'ro;,r ,-'i ,I- idd it ion) I

I 'A

0 I gulrt 5. Bti11 Model Al2 torque- sir antd assenillv.

lThe istv' fi tit 5 111 fjtI iiii'ii t*~ L.h r i i dvt iriI t I l (i;

lit I t~ttl t; lit) 1'. BO( 11 1tli-t 0i I 'Iltijil Iiid SlIti i ri'u I

tC, t "a.1 I .... .. -i t Il

t~ ~ ~ ~ ~ ~ ~ ~~A .WLr' to~ litNYlil 1111 r'Mi-Al WI 1 lt

ti a lru hia iir wn ths S( elt ( g lii s i I ccrtliiii/ 1, .- k -

Iii' w ''iri i I pt -Ii ti l e tuin wit i 'It

Figure 4. adern MillModel 600 Ill I iits I'ibI i rsed i~ I "ds I. ti-i x t~
to i-s I aitil ii v ilt' i I h li , It r l i . lo tI i. Ic i t1- -1

Tu ee t 1  i t o lt oen > ii li-is d is Te se it tiii ;i ls-' e i iln ilnii-i a Ilaittllt llll I,"

whcwe djist' , lcmfil lynzbu tlii i i~l t ' i In pedl trintn whit- Modrn i I Il ii I ta

gin ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t firi n o bintim a i a i tr aei i '.". t lt- , t I iiiitil .1il iti tIi' 'ttL llw- ti 1'.1i

bendtriie .ft t mil inehi au iv. [l-nin gilt htSiep ii, a' sunl hii- Ihi lli, hindSlt '' ,r
co i)ina on o t' i g ti it s ! tgs ai i-i ai I' pt, ci-lianei-i a t it r t..ii t i , i t ' I i t lri i -co , .cii,, , t, u i i i t

spe'd -tnt tt alitws il' tin cii i itti ttul il t vactrttIi ii V~ .riuinut tic he iris .Ill.-ii II ~l l ti'i .iiii/hii

di n s ;na tv irt atil.oigio a ' ace thl'tilthli-at llittl' iiit' w;It it iti, I I i i t h lt.- l , k -

extruder In a tared contatiter atidWM ILI L isn ilri lsrqife o i 'i i p a ~i

Al Xl'RIIAY10AMEV

The, Model Al ta-wnLm hlmlti torqu I tit'n.Isnr 'li-i .cI-I[s

IIM

andataci~t-genertor(electri Icsl l; I Ieeao c r signartAillf sstt Fie.' et rude Is I lit,.I

prpotlaa t ped, r d m e oI r wi l i!, wmide i Iarge tu nll of r irat , )rnrI

Figure 4. Moderat I ac 11 todel 600 r ( 5 [i , I). Ti ltt si. rl c ciSrs tistd Ill wIr -illp p t 1g ai x lls 1 -11
itm a ilrt and v e isrod pri r it rlndin ri
p.lC kalg i ing.•

ThIIe tte t er IlI I , I in t ol I ~ t .I ~ t L' I, o( Ir i ll IIs ( h S C~ d 1 0 ( I (Iil Ih Itil pI'(l I I I-t t~q i ill'l .,I d lllli l li I I

which, when adjusted, will tOloibile aob tlialnbr f r'lei> IS etia itlerem Irom til e If r I Ili that

grain.s-i Ilu i ll' any ombinat n. C Iallbrat I' ilrvt4 h;ivC' i t iH ,'o.' it i I v .111d .11 , ),rind t lii I l lilded l~litodi I7
been determinecd for t~he 11i I inl l t is l i I it V. TlIhe tlr I, 1 ,, i *I ;Iz,. - i I , I ,,ur izt. c l . H it lit/ 'Ml ! h. ill.,
Comb inMit itll t f llle tt r li till u it .vL, t t iliu s anild Voll rial I t. putrc ha.std ha~s lt 'It( p.lli i l

'  
i t i itt roi;tI ,lll I'i l , IIIf il

speed contLrol I all Iows t he L. ,lt tro oI 11)(I p t 1 ('01 i ngarc- vair iah 11 11v. Il it itlit- r witd I ( I s I- tnii I h~ll ~i .ilid/o r
d lent s in any des i red rat i o. Througial raltV.% art, .treel!; C';in bet cillifte[d With oiuiv ,i S;l11l1 1 1 1 . l l [,d

measured by collecting tihe grain flowing to the (2XIIV.,I1 -t rclul rlt-lilt'l . "lhis mill will pe~rillit till- -,iZilllg

extruder in a tared cont~ainer. Inid t'oufiilralth,nls reqluired for potlential~l appl i~at loll
In [.IC 's.

POWER M EAS U R EME FNT

The Mlodel A12 BalJwin-lma lHamilton torque sensor
and a tach-generator (electrical generator with signal A brief discuqssion of each extruder is ,|v(-n

proportional co speed) are used to measure tihe power below, along with anl outl ine of proper operat fin), pro -

required to operate each extruder (Fig. 5). These two cedures concerned with w¢ar-1-up, operit Ing., and shill-
items are built into a sing~le unit that Lan be inter- downl. Reference Is made to existhIng reports from (:SIt
changed with each extruder. (1975-1976) to obtain more detailed Informatilon.
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Brody 0206 Crop Cooker Insta-Pro Model 500 Extruder

Figure 6 shows the Brady Crop Cooker and its con- The Insta-Pro extruder is shown in Figure 7. It
trols. Two controls are available for regulation of has internal adjustments which are not possible on the
the extruder temperature or product consistency. Tile Brady and which must be set prior to any extrusion
first Is the cone adjustment handle which regulates process. Control of the e;-truder is accomplished in
the cone/rai'e 'I ,aran'ce at the dis:charge. One com- three ways.
plete revoluti ion of thlli adjustment handle represents
a clea rauc chincgl' of 0.051 cm. Sic' h adjustments 1. Variable-sized restrictions termed "steam
change tie aria of th, discharge openlng, which con- locks" are placed in three locations down
trolis prod : resideitcte time and vnergy Input from the the barrel. The size of these restrictions
engine. greatly affect the operation of the extruder.

The steam locks are manufactured in various
diameters. To change the locks, the barrel
section and screw must be disassembled.

2. C(One clI aiice it tiet dschcarge is done by
control ling the number and size iif orifices
to vary the f ,,aI tc'mp.r;itre in the last
sect o of t he ext ruder harre I . Unlike the
Brady, this cone clearance acts only as .
final trim on temperature rather than the
pr Imary coiL ro I,

3. The volumetric feeccd mechanism, which is used
to feed lhe ext rcdtr during rns, can he used

to contrcil Lie tcroughpuit and thus the tem-
pera ture. This mechanism has al SCR-control-

j led DC motor ('cec ted to a screw conveyor
A : / !'(' ~and injects feed directly into the barrel of

the extruder.

Figtire 6. Iliady #206 Crolp Cooker shlui irig feed InIpIct 1
Ct'l -i'cici and coine ad jctmSLein .t . <

The second control adjists the feed rate Inti the
ext ruder. A hydraul Ic valve is used to adjust the

Ape ccf [ ie t oild auger toc tie ext ruder sc rew.

Qpeat ic--Olert oif [ice Braly conlsists of a
Wllai'n-up prcuiedIue wiih sithibeans lilt I I operat ing lin- "
prature IS achieved. This is followed by n gradual I . c'.
swi tching I cl ctilia I / I it'giiie coinlI hntI inUs. Warm-irip is
accoil) I Is liei cv s l ci v iedoci 1i g 1i t t oeii / race c lear-

all't ri ai 1i11 11 I r i I i f ce open i g at a noderate l lV
low Iteic iatt . 1!1ilir tieSe ic0ildit ionS the extrude, r
temiperatire itc'lI'l; I 1,q80 whlc'i iS siff icient to Figure 7. lIstn-Pro Model 500 extruder showing feed
completely coiok whole ioyheans. input mechai sms ind controls.

The Blradv's extrusion screw measures 12.7 cm dia-
meter by 80.4 cmI In length. The Screw has ac constant
pitch of 1.81 cm and firs into the barrel equipped Operation--Temperature regulation is accomplished
with three' breakir bars. With soybeans, the extruder primarily by interchanging or replacing the steam
prodtices 435.8 kg/h with 53 horsepower input. locks. The use of these steanm locks Is entirely de-

pendent on the material that is to be extruded. The
Slicit-down of th' Brady l:i very simply done by temperature along the barrel is dependent on the gap

introducing si yhenau into tlii machine. 'Tile cone is between the steam lock aid the barrel wear ring. It
opened to its iax[imiin posit ion and the temperature is desirable to use a configuration which results In
is allowed to decrease. This allows the dry soybeans an approximate linear temperature increase along tlie
to flow th rough and cloean the extruder. The extruder length of the barrel. Such a configuration is accom-
does not require disassembling to clean, but normal plished by having the steam locks increase in diameter
sanitation precautions need to be taken at the end of from the inlet to the discharge end with the outlet
each run to sweep away accumulated dry flour adhering orifice size used to obtain the final processing
to the equipment, temperature.
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An auxiliary vibratory feeder and hopper is on Steps 5 and 6 are repeated for each test condi-

the machine and is primarily used for feeding whole Lion or run made. General observations were also

soybeans to warm-tip, shut-down, and clear the machine recorded as they occurred.

after operation problems are encountered during

testing.
COMPARING TIlE EXTRI)ERS

The Insta-Pro's extrusion screw measures 9.4 cm
diameter by 71.1 cm length. The screw has a constant The opera ting principles of the two extruders are

pitch of 3.49 cm. lith ;oyheans, the extruder pro- substantiallv ditfer-ent. Centlrel of tihe Btrady lies

duces 232.5 kg/h with 31 horsepower input. essentially ill tle ad ustment of the discharge 'on1e
clearance!. Control of t'lnst.i-lro 1)( requires

Warm-up is accompl LIshcd by feeding a small amount proper preset ting ot file ,;team locks nti tie screw so

of soy t,- the machine and virtually starving the that all evell Iern l nrc't i'; down lilt, b.l.rrel occurs.

extrudet. When the temperature begins to rise, the Thiese itIfIeic i.Ie xpe ll t.1 ad i 1.st lin sil easier
feed rate is increased until approximately 272.7 kg/li ol tihe Bl,|dy, hut o'ic,' ope'r. t ion'lI pal utlle( '; .lr'e

is reached. fixed tor i spe if I" proldutt, ,htlstment of vither
ext tlder shloulid not ihlve to I), Il '.

Shut-down requires running sovbeans through tlie

machine until all cereal is cleaned out and the tem- tieauste ilt, B he V hu.1h . ilu 1w; fitor .u I sfharge,

perature is decreased. The naclhin is disassembled to produtts Collie oit ii ll I t tke,: ilregular sil .

clean remaining materials from teL barrel and screw. The lnsta-l'ro his .u ,ii nltip ip-holed I di with cutt irs
which is ideil lor nakilugny, ilpeud p ivo.. The svst em's

Both extruders cln he ad]jisted to arrive at a Cd use will dictute tle IMliLhilit, choice.

desired product Lemperature and consistencv. Ad just-

ment of the througlpnt , orifice openting, and amount of Operating experience to date Indicatei tfat flile

water added have beun shown to extensively affect Brady reluiiris less water addtition it, textrudt IOtfl"l.

horsepower required, temperature, and final product cerealI mixture;. ltirtihlci work oill lit, Ilsta-l'tr'
consistency. extruder may result iii imetlolds to rthicit water

add it I on.

TESTING PROCEI)URE
MA'\IlFACTIJR I N(; PROC EIIIRI:S

The extrusion procedure Is outlined below. Some

test conditions required small deviations front tihis xteLns ive work with tit. extruders and results

outline. achieved have opened lip tie specificity of proper

mainifacturing procedures for potint lal appliations.

1. Warm-up extruder with whole soybean. These items are discussed hi low.

2. Begin gradual switch over to desired

combination to be tested. Corn-Soy Blend

i. When desired composition of products i.3 torn-soy bliend (CS1) has heeni used hy various

achieved, adjust any or all of the following countries to .supply fond to their people. The mixture

extruder controls to maintain tie desired specified bv USIDA (1971) coMbliies 7017. corn aind 11

temperature: soybean with vitamin-mineral premixes. lsi of the

extruders makes the corn-soy combiait in lstant,

a. 'one clearance wlhch fi many cases is desirable.

b. feed rate Specific processing condit ions fur a t S product

are given below.
c. amount of water added

1. Materials required

4. Adjust proportloner mill rate to correlate

with input into extruder, thus establishing a. corn or corn grits

equilibrium feed rate conditions.

b. dehulled soy
5. Record the following test data:

c. vitamin premix

a. temperatures
2. Processing temperature range: 149-171°C

b. feed mechanism control setting (depending on extruder uled and the amount

of gelatinlzation required)

c. cone clearance
3. Input granulation: 40 mesh

d. input feed rate
4. Final particle size: 40-60 mesh

C. output rate
5. Approximate throughput : 273-546 kg/li

f. amount of water added
Dehiilling and cleaning are necessary fur the soy-

g. torque input beans and grains to reduce the fiber in the final

product andi to minimize wear oil the extruder. The

h. angular speed product must be ground to a particle size of at least

40 mesh before extrusion to reduce power requirements

6. Take samples for further testing. and to insure a more homogeneous product.
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Dependlng on the extruder used, the recommended Te product must be cooled to a temperature of

temperature and tlhroughput. rate will vary. Generally ;it least 40 C to reduce heat buildup in the final

speaking, the Inst ;r-Pro has temperatures and through- milling process. Additionally, this cooling operation

puts In the lower nd oft ite ranges; given above. The will allow time for the product to dry. The ultimate

hIrady temperature ;nld thiroughput ringes; are toward moisture (ontint for grinding is V-. Generally, the

thet upper I I m It mnit I out,. high heat from eXtrusion will fl;ash off moisture dowi,
to tile 8? level, but ambient conditions will have to

After oxtrulon thie materlal mrust be cooled. be conrsidered.

This nirv';,,ii two r('ijiJrv(m nt!;: to allow ally moisture

to evaporate (down to ;ill optinum oi at least 8% moti- Final partft e Size II must be 100 mesh or smaller

turv contrnt); and to rool tI I product to prevent to obtain a tprdi t for nixing with other flours. An

excennilve h et buildup ill tine ftinal grinding of the attrition or pin mill will be required for producing

xt rle( proul fine flours. More coarse grinds, however, may be used
dependtg oin the final product use.

lre CSl/ IS gln'erally used with a large particle
il zi. (i0 tme',id) wh I i Inakes It dIll ferent from f lours Sorghum

(IO0 mthtel) . Grdling riquiremeints are easler to meet
with Itis prold t di' to the larger Part ile size. When ettrud Ing a cereal, expansion of the grain

occurs due tt tie high percentage of starch and to tile

Final ly, nrti. I yl). ot paikaging
,, to t'ontrol tire low conce ntratloin of oil which suppresses puff.

amount ill rontailiro;it lion during ;torilg ;ard transport- Because tIre oil level is low, water addition is

lu$'. Ik riquitl,. Thu, pii'ikage liz t Souldi be deter- required to lubricate tiLe extruder and to reduce

mined by tiu' lIntendId into' to mtII the processing rates required power.
tlat wiluld isI; t . Cominatrions o 1-5 kg paper or

io
1
yet trylI-l- iagri Papri kld try hand appear feasible. Although for this system, tIre cereal used will

he suorghulm, similar processing will be required for
ttier grains. 'lie required processing conditions are

Soy Flonr given below.

Soy flour I!; generally tused as ia high protein I. Material required: whol e grain sorghum

supllemenlt III brads, meats, etc. Extrusion proces- (detuilling is optional)

slgni of whole soy to deinature naturally occurring

anti-nutritional factors is neces-sary. Product ion of 2. Processing tempera ture. 10 3-171 Oc

a ine flour may te difficult brecatuse of tile high oil (depending uri extruder used and gelatini-
content In teit fliished product. Spe'iftc processing zatttn required)

cond It ions are given below.
3. input granulation: 40 mesh

1. Materital reluiredt: dehulled soy
4. Water addition required: 1-2%

2. Processinti tvmpvrat ure range: 127-18°C

(depending, o extruler used) 5. Final particle size: 40-60 mesh and smaller

3. 1 nput granu I at ion: whole or ground to a 6. Approximate throughput: 455 kg/h
40 mesh size

Whole grain sorghrin call ie extruded. Tie Li t I-

4. Final partille size: 100 mesh or smaller mate use will determine whether tile sorghum must be
pearled to redre tie fiber content. Processing tern-

5. Approximate throughput: 296-06 kg/h perature has bIent deteornidi tr) o between 161-171'C
to achieve a full%, cooked, thighly gelatinized product.

Again, as in tire previous system, tile soy must be Two impourtlit coinditions iii this system are tire

dehulled and cleaned. This reduces tile amount of input granllatI," i raI water Ia PI lic1tion. Ut ike tire
fiber Il tlie final product . Add it ional ly wear tn previous two s,'stems which llivt a high oil input (6-

tile extruder will be minimized when soy Is cleaned li), tire oil COitent IS ver-' low (lesS tilal I,").

and i hu I I uld. Thus tile extridier 1utist hie 11ur'icated. Water addition
hs shown to hte a very grood llbrric,lut whtn ts tillg a

Iepending on ttie extruder Ithat is used, tire above cereal such as sorghum l. Water is added to sorghum
temperattire rarige ias been sirtwir to have destroved all (with it; livrert moisture) to iring tire total mois-

natural ly occurring ant i-n trit hual factors. rine lure tc irto tel up to 12-147- (;enl'rally, tire water needs
Brady must ie at the higher t emperatiire to destroy to be applied at a rate( of 1-2',
these fat' ori;, ind the lstiL-Pr' O iln li e Uset I om tile

lower 127"c aid hilgher. E:ssentialiv, both extruders Grinding of tit' sorg.humn befolnr extrusion Is

have srOwir iXtcllurt Capjabilitietis ll extirtding siy. advantageous because tie power required is reduced;

Throughput ,i-C higher for ai given power source tian tire sorgihm is cooked more thoroullly; anI tire final
for, As aIr uXamit) I, CSB ;I'ndlUtiilt SVto i-ysteS. Thrrs a product is more honttogeneous. The extruded sorgium
higher throughput or a smal Iler power soUl-c can be must be cooled to a temperature of 40'C or lower to
used . reduce heat bui itIji t1 tibe f inaIl miii 11 Ing process and

to remtotve extess intlro f r rotm tire ext rudrett product

Input to the extruder crln range fronm wihole to

ground soyt)eans. If the beans au'it deh11led, they Depeiding on the ultimae use, final granulation

probalIy will he broken, and further size reduction is variale. It is retImerlended that tire final product
may 1nt le required. If whi1e so, is Used, the input be ground to at least 60 mesh for Infant and young
does not need to be ground to ext rude; however, child feeding. Smaller grinds may be suitable when
grilndlng is highly recommended to reduce power con- the product is to be used as a substitute for all-

sumliton of the extruder. purpose flour.
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REFERENCES tt.'STION AND ANSWER SESSION

Dr. Brtssan :
Colorado State University. 1975-70. Qurter'ly

Reports--Januarv 1975, April 1975, Julv 1175, 1 would lik to ,isk a tu.'st ion of Mr. Iriblhorn.
October 1975, JanuarV 1976 and April 1970. You indicated that the Input grmlt .at In 'si , wits "40
Agricultural 'ngineer ing Department , Colorado mtesh. llow did Vout .ivl'v' at ti s pal't Icillar ,4 Ito
State Unive-rsitv, iort Collills, oo. What parametor'rts did you Lit'?

Crowley, P. R. 1973. Evaluation of I.Ec lot" 1st in
Less Developed Countries. 1 t, Io r t FA/N, AI), Mr. Tribel horn:
Washington, D. (.

14e expt, r fill mot l wIth ti' l odt, it Mill In our
United States Department of Agricultit-c. 197 1. facilitv iusi l t rlit 'nr ut Sr.' t'n s .I WZ ' 0 't. e'vil tilt

Purchase of Corn-Soy Blend for I'so Ill rxpolrt part It'It' slt it It' IVtOd to0 Obt.11n lilt' lost till iotrill
Programs. Annotuncement CS11-I . Septevmber. prodiuct willIt, mai lit )Iiltlug lint' alb I ltv t0 i' 'il the

ext rudtert .
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LEC Systems and Costs

Marvin L.. 'tone
DLepartment o I Ar filt t urt Eng ineer ing

Colorad, State University

Fort Col lins, Colorado

I NTRODUCTION Cl.an Crain . arllng/

'tile economics of lET systems must be considered
before they can be Judged feaslble. A.*s il lust rative -

cases, tiht costs of tlr ee, ex mitple systems have been ,S S5oi . 1l
outlined in detaIl. These examp ls Ma v he usd in an

developing the costs for othlor siil rl -vstem' . Intoani

The costs 1ay t hell be used to s ot i va lue I,)r tilte topo -. r
products mantllcturod ley tho plont ,Ind,'or dterminend oI j
how product ion l'te ;I foct s tho produ-t ,Il eo. This Vertlcal ill sugar
value cln he tI sdI as an IhldOx 't the ethoo om ic s easI-
bil ity of t Ilt sySt t 1 il 11coilpIT ili 1.I1C 'S to a It ornat Ivo F7 r wtr , --- Dt ..I
system t!. at I t- short eo lin.

6" Scr " convoy-,

hI 0tho tL011111II sy 1 Wi I 'h r I le t lsed i 1

LI)C's weroe c losuil a1s oxaIpI es . il thlr'o Ls\'st tilS OOlal ... E- s ..t

included Pllllt S thAt would produio (1) cooked I I our/
grit; (2) snack fools; and (3) full-tajt sovyboan I lour. Gravity eod
An outl ile oI tiLt lle osstly e t e ipllolnt I Or eolh Systel
was made. This was uso'd to set tiho total fixed costs -Grldr _, _ I_..It

for Llto systemis. Tit mlin lactr ill-ing cost of t t(.
products was 0l so c;l c1Iltcd. a.nd conovyo r

'the systUeTs are presented bolow, first in diagram S.€o
form and then with a cost onl Iysis. The ossumpt ions
used in developing these analyses can be found in to .toraa
Attachment 1.

SYSTEM I - AN EXTRUDED FLOUR/;RIT PRODUCTION FACILITY

A diagram of the system is shown In Figure 1. Figure 1. Block diagram of System I.
Titls facility Is similar to tile system that hoa: been
installed it Sri lanka. A pearling device is provided
in tile system to removo hulls from Incoming grains.
Three storage b ills a re provided to accolmodate two
days' storage for bulk raw materials. The materials
call be COulvoyed into the p1 lint aid into .1 proportion-
Ing mill wlere thte ingrediints are proportioned,
mixed, and pre-groktid before ,xtrusion. Aftcr extru-
sion, the product is convyed to a coolr-dryer where
tile moisture it the product is allowed to evaporate,
pre-cond it ion ing it for subhoqutnt grindi ,. After This system was designed to produce flours or
the product is cooled, it i!; ground. The grit system grits that can be used to make gruel and other prod-
is presented, but a flour system would require a pill ucts in the home. An 80% maize/20% soybean product
mill instead of an itexpensive hammer ttill. The add i- was chosen for the specific example presented. A sulm-
tional cost for the pin mill would be approximately mary of the capital costs for System I Is slhown In
.30,000. After grinding, the product is conveyed and Table I. The total capital costs, Including working
packaged by hand. capital, will be presented late.
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Table I. Capital Costs for' System I Table II. Meanufacturinl Costa* for System I--a PLourlCrit Productton Facility

A. Purchased Equipment 
Direct Production Cost-

fay material.

Perlrer $ 4,513
)  

Graln. $ 65.1

Vert cal conveyor 300 Credit for dt'hulling waste -1.0 $ 63.20

Storage tanks 2,025

Incomlig conveyors 900 Pokaging materials 17.83

Proportioner mill 2,900 Labor 5.30

Extruder 4,500 Utilities

Water appl icat ion kit 125 Electrical 1.80

Miemel engine 8,500 FYul 3.50

prgoduct conveyor 600 5.30

C( let/dryer 7.200 Kaintecance 1.65

Produi I gr Inder 3.000 G;eneral supplies .25

Electrical equipment 1,600

Prckagingl eqioupeent 350Shpigora30
Total direct production coat $116.53

Total $36, 500

ft. Equipment Transport Ilg Coals Direct ManufatturIni Cknas

Crst ing $ 1,200 Payroll o'erhe-d .80

Preight 1,000 Laboratory coats _.25

Shipping 3.500 Total direct "anufacturlng coat $ 1.05

Total 5,700

Indirect antufacturing Costs

C. Inatallat ion Costs
lDio p eprectlot ion 2.20

tLabor $ B0:U

Supplie 5teret on borrowed capital 6.O8

Total 1.300 Total Indirect anufacturlng Cost $ 11.28

Total Kanutacturing Coata $129.38

It. Servircea (asumed to be presert) -0-

E. Building 24,500 Coats given In $/hr

V. Land 500

$68,500

G. Contingency (201 of fixed coat) 13.100

Total capital costs less working capital 582,200

Tile_ L,_e er lMiil t used for tills system is s itnilar LO

eit. txt ruted f I or-g'r it ft 11itv. A i Igram ot the

svst em is shown in Fivtrt, 2. No ntarIingig equipment is

lpl'i\, I' ld, ll tilt, ' I, I I -. 1 1 r i;Ir t i d irectlV

to, t ilt' b tll lIt- ih - .I .hlII III L
;  
, Il' Ii I i t tsse d

111 1 lt' iti llit, W;I c proIt t I! ,Il ll/v l it f il iitV, illd I

ilrts i trt ioll i t -iI i 1 I I 'Virv Lo r 5i :.: int's, t r' rlitr

III w itti I.r i. - h I La - It Ii t rt i r II iiit
+ 

in s
,  

Iig .I , ' -v Ii I' Iv i poe I'd

tpro h tp t i I I lk'tt t I i/t iIt cihi l li J It f ll0 tit

rh' ll m t tltli t I a ltt t l g tost , I to r tht, sVlI -In Wrti I ,Iso tIt II I s A l t l hI I I - 1 1.i I At o l t , t1 int ' li ; t ,r i.1I I or t I s a I 'ot-

c.1 1 '1t1.l1v d ( 'Ta b II. I I ) . "h Tile O LS a tre_ ' ' d O ilt ,111 1 s-; ii l i) . " A t 'l t h ' I, ] I' s ' n i n ,0 o O l d I I i . o lr h t w ll

1 h , 1 t1 r l I ) -o l, l I I o [t ) l ts . , , , t I l a t t h e I l r n t I t e n t - c - O i i lt , ) h e p i , t t . I w t 1 t ,I ll - tI i I I p I i I, -i i n , m c l I t h I I t ' I r t 1 ' 1 1 t i -

;i t o l Ihe I tro't 1 11 he St- n ll rkC t I iz(.d a t co tn i,' iI ' ' :.vil' s , , Itlrt Ii g 
tIit it t1, 

reaitie o f

ltg alttiotl 'ihe~t ,' h~lil [I t ',lt o +;'the 1 ma L~triiiau ithn

iTst' s i ri it)" hit'o thI tw i r iti , is to. low-tst -t irhe ltldplac ki gi V. t Iet en aptt fo

the 1) plana Itwt-t w Iit tItititt or lt, c a I .it ld  f ro t li1t,

lt , .l1 Int il act Ur t ll , I st' s ,, Mtlid 'o I
+  
11h i ; s 's[ Lwll i[ W ill A lesulmrv t t i tt clt'iLa I costs Inr Lie snprck food

he $4 ,/440. l !; v.1 I lit iFs over hi a I I ot tin ii'l(. i l iiI i il"Wn ilr thle III. The Work-

o l I ttnd isti eti tihat tietI rciI itv is a low-ct os in capit anil ,l I '; tI 'It n 1 t;d Iro i tll in 1 I r C t l tl n

Sysrt vl I ottat tatosts 
pir t-S t t-I i 11 ' 1iht I .I T)iI, wok I i pi I L; ue e I for

in tWO-r ptothe pori. foe 1 mar Sy ite u11d tI ,toll boi $70,710,

Which Is ls I tela hit Iof ti lt, ihpital osts pre-
viotl;Iy calctilltvd . Ti' [-,,I lects tilt' hliher tnw, sL-

SYSI M , I I - A A CK F\_: lOOD AL:__'t ITY ent i nl packagi nvi oqu ipvwlnt tor th is system .

T h'l s s ys te m I ; d e s ign ed tO pro d uc e a* n uttr it io u s Th e lm a nltl tu ' r i 1ii , co t l; ;ir -v aI Ua ln p re sen t~ed o il a nl

cetr tva | tIa tc k t ha t ca n be , tea t , n t lo i sm a l lI bags W itho u t ho u rly co s t (it lp lod uk t io n b a si s T ht i nlf l e e IU I 2 O f tile

f o r t l h t, r p io c e ~s s I n g . T h e , i' W M A t r l k] s u s e dI t o p r o d u C e l ih , t c o s t s ti t M -tk l ,,i , li t L , i i , lk ; ( M ) i t' s e e nl t o S U b -

th te snack are, ma ze and~t soybean i n) a 707,, cereal]30% SLantlally i nltr til e theL dii'V~t produt t'ion costs. The

oil s,,eid rat it. Aftet r ext rusion the product is high capital Investmenit due to packagintg machinery

inroheil it ait oil-spice-salt solut [ott to improve its costs also largely affects increasing tianufacturing

f I ivor . costs.
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Clem Table IV. Manufacturtig Coates for System II--. Snack food Production Facility

Direct Production Cost*

tatok la Materials

Grain. 55.10

oming sugr* EnrobIng ingredisnis "20

o 80.90
Pjroptrt ion.

racklins materials 6S.50

Vertical sii air1 Labor .10

Wae Utilities

ppliratio lin shft ilectrtcity 1.20

6" acrew conveyor

Cooler/ 0- fthaust Maintenanc* 2.68
Dryer

General supplies .21,
Gravity

Shipping cost& _4.9

Rnrobar Total direct production cost $161.61

Hatd convey Direct Manufacturing Costs

Payroll overhead .42
Fceslaboratory 35

TotI direct manufacturing cost 
S ,6L

Tc storage

Indirect Manufacturing Costs

Deprec lIt ion 1. 17

Figure 2. Block diagram of System 1I. interest on borroesd capital I LIP
Total indirect manufacturing cost $ 28.52

Total Manufacturinl Costs $i12.82

Costs given in $/hr

Table III. Capital Costs for Snack food Production Facility

1. Purchased Equipment

Vertical conveyor 1 300

Storage tanks 2,025

Inconing conveyors 90C

Proportioner mill 2,900

Extrdar 4,500 SYSTEMI I I - A FUll-F:_AT_ :SO.N) T_ itIir u 1( FAtI ITY
Diesel engine 8.500

Water application kit 125 lb s svsl em Is Inlh s i nj I tr t hall i the (Iht icr two,

Product conveyor 600 its oil v o'l(, i, I ogrfI ,il ut Is t-,l I r ed. "'Ih I I i eIII -

Cooler/dryer/separator 7,200 0L I,'s t,o i t i ;rat' ) 11s ;lii I Ii('I nI 
, 
tI' ilivevir syst 'ill;

Enrober 2,000 1igrt'l itl-tt ilr-ort iIiti) iii ' lit It-.ei t;ll V, .ill i

Packaging machinery 114,000 pre-grindi ). tit,, i ,i w littiril I i ie ( , II ] ll
Electrical equipment 1.40 i delii I iii,, I'I i[iall;t illl, Iit I, m I I ,It lit- prill)-

Total $144.450 toiler Iti II. A s i111lii C II I)()]IiC/diii,'ri I i ; it I i !lI]]I'd

B. Transportation Coats a tlild r ( , ii ii I )II1, 1 ,,{!;. llt- tI ll I 'ti u .h t
g r,: J e l, r , ,;I J I ti 1 11, I th11 . 1T{ h 1 )1:11) 1 .-, i I n l "I) 1 1 the

Crating S 1,00 p ];) l ,a t 1id i -; [n, ( ,, ;.%, o ( ) I', d Ililt- , ,. -- x II 11, .,1
Freight 1,00 1)r(odlth I itl( I 1 o ]I I roo . At t or ),i I |ndio$l,. I] l, lrit doduc! I '

Shipping 3.800 p;i('kitij,'d fit( i ;lrj'.l' It I liw' I t 'l t' I ' I li' I;jrit'

Total 5,800 bags ire :;tilt I iciet , ;int', ih t liiIr wi I Ii'obiilv Ii'

C. installation Costs used by baker Ic; or ilist it ill Ion!; fi t lit lk I orm.

Labor $ 1.150 A dagratn it tht' l)llit (ti ,. 1) 1] ittr;itts tlie
Supplies 400 smpl ur plilt de-ti go. 'ii' (,li,;I i 1cot -, Ior Lite fit) I -

Total 1.50 fat soy I iouir fat lIlt. I- re diown iit lt V. I'le

D. Services to Facility -0- table II i sLtsrait's tilt' iow s't. of to il V- ;yLetIn, aitll)ulh

E. Sllding 29,500 lit inai prod i't is i I Is . I II i i;

F. Land 500 Table VI eiri)hai. iZ.; tle L ii l)ropolrtion of Iatrli-
$181,800 facturng cosLs reprusentitd )y raw mlteria is and pack-

G. Contingency (20? of fixed coat) 36,360 aging. 'he work Ilg, cap i)t ;i I Ior t I is systelT for a two-

Total capital costs lese wrking capital $218,160 month per iod woul d be $4 7,4 30, and, as in System I, It
represents over one-half of the other capital costs.
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Input grain Table VI. enoufActuring Coats* for System Ill-& full Fat Soy Floor

Production Facility

]Direct Pouto ot
ay Materials

7 Initeial noscyor Grains $ 62.80

Credit for dehulling waste * 1.80L i $ 81.00

Grvirt foo Packaging Materiels 21.80

Labor 2.80

Utilities

I'. conveyor Electricity 1.20

-_r~ I Fuel 2.80

Maintenance 2.174" Coveyor

General sUpplies .25

F I., Shipping costs 3.60

Total direct production cost $115.82
Gravity to stinde

Direct Manulacturing Costs
?in Mill Payroll overhead .42

Laboratory .25

Total direct manufacturing coat $ .67

lind
slyt.l. Indirect Manufacturing Costs

Depreciation 2.69

To storage Inter-tat on borrowed capital 10.16

Total indirect anufetturlng colt $ 12.85

IIgtir I. I. i ilk dilagiam i System Ill. Total Manufacturing Costs $129.34

Costs given in $/hr

Table V. Capital Costs for System III

A. Purchased Equipment A sulmary of the impolrtant statist ics of all
three systems Is shown ill rib le VI I . I t inc lides the

Vertical conveyor $ 300 total Capital rtquirc rd and t he valtie of the product

Storage tanks 675 as a hasis for lomp irisoni i these s,"C systems to

incoming conveyors )Go other processing systems.

Dhuller 3,uUO

Winnower 850

Conveyor 300
Table VII. Summary of the Important Economlcs Statistics of Three Example

Extruder 4,500 LC Systems

Diesel Engine 6,400

Conveyor 300 Statistic System I System 1I System III

Cooler 2.500

Pin Mill 28,000 Capital Required

Bagging equipment 450 Fied capital less working

Electrical equipment 1.850 capital $ 82,200 $218,160 $ 90,150

Total $49,425 Working capital 47.44 70710 47,430

B. Equipment Transporting Costs Total $129.640 $288,870 $137.580

Cratlng $ 900

Freight 3.100 Manufacturing Coats ($/hr)

Shipping 950 Direct production costs

Total 5,150 Raw materials $ 63.20 S 80.83 $ 81.00

C. Installation Casti Packaging saterials 37.83 65.50 21.80

Labor $ 650 Labor 5.30 3.15 2.80

Supplies 400 Other 10.20 12.13 10.22

Total 1,030
Manufacturing costs 12.85 29.19 13.52

D. Services -G
Total $129.38 $192.82 $129.34

K. Building 19,000

F. Land 500 Production Rate lb/hr) 1000 1000 1200

$ 75,125

G. Contingency (201 of fixed cost) 15.02

Total capital costs lass working capital $ 90,130 Product Value ($/lb) $0.13 $0.19 $0.11
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DISCUSSION 9. Raw material costs will be:

Several important observations can be made from maize 0.05 S/lb
these costs analyses: soybean 0.06 $/lb

I. Ingredient and packaging costs approximate salt and spices 0.60 $/lb
80Z of the finished product costs In all oil 0.15 S/ilb
cases.

to. utility costs will be:
2. Systems discussed in these udInyI;Ies would he

classified as low cost, I b'c,lse total capital fuel $O.70/gallon
is less than SIO0,000 except for svst ems with
expensive pouch p"ikagnlng. electricity $0.06/kW-hr

3. Systems studied woulId hive I lower capital 11. Building costs will be $10.00 per square foot.
cost per kg by putt iu ill milt ip I ext ruders
for much 0f the service, and auxiliary equip- 12. Two months' working capital will be required.
ment would se rve two extruders.

13. Dehulling wastes will have a value of $0.01/lb.
4. Deprec lit iotliin be reduced to about one-ha If

(from 4l to 2 ") by increasing product ion with 14. The facilities will be finaIced over a le-
a second shift. year period.

On the basis of these figures, i is CoinllClded Additional1y, tihe assumptions mldt ill Table ViIl
that the capital and manu facturing costs associated are not necessarily tie same Ior eachi of the :ystems.
with these extruder systems are low, making them suit-
able for the product ion of nut r it ious human foods In
LI)C 's.

Table VIII. Assuptions used In Developing gconotic Analyes. of the
ATTACIIMENT I Three LRC Syste

GENERAL ASSUMPTIONS USED IN CALCULArING COST S I system It systm ll

FOR I.'C SYSTEMS I. Law Ingredients
Ratios 802 ait*/ 702 mates/ IO soybean

202 soybean 302 eoybean

Aount purchasedTile general assumptio:s used In cal ciulating the (I of production) 125 105 115
system costs arc th,.t: Aount reduced to asite

during dehulling(1 of productio) 18 -0- 15
1. The equipment for the plants will be pur-

chased in tile United States and shipped to It. Packaging

the plant site duty free. Type of bag paper/ polyeithyleone cloth
Alyethylone

2. Grain received by the plants will arrive BAB Bin* 450 1. 60 g. 25 kl.

every other day in bags and will need no Cost per bag $0.022 $0.001 $1.0
fur tier cleaning. Cardboard case via 24 begs 48 bas - - -Cost of case $0.38 80.38 - - -

3. Straight-line deprectation will be used: III. Labor Costs
a 10-year life expectancy will be given to Number of:

the equipment; and a 50-year life expectancy Supervisors @ l.00/hr 1 1 1
to the building. Extruder operators

0 10.50/hr 2 2 1
4. Maintonance costs will be 10% of the value Packaging equipwmtoperators @s 90,50/hr - - - 2 2of the purchased equipment per year. Laborers @ 10.30/hr 10 6

5. The plants will operate at full production Janitors @ S0lO/hr 1 1

for 2,200 hours per year. IV. Shipping Costs
Maxisma truck load (tons) 12 4.8 )2

6. No property taxes or insurance costs will Shipping rato (9/ton-eile) 10.20 80.30 #0.20
be incurred. Avg shipping distance (it) 30 30 30

V. Production Rate (lb/br) 1000 1000 1200

7. A simple interest rate of 10% will be used

to calculate ccsts of borrowed capital. VI. Utility Usage
Electrical (Ik-hr) 25 20 20

8. Payroll overhead costs will be 15% of Foal (pl/hr) 5 s 4
operating labor costs.
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Physical and Chemical Evaluation ol Extruded Products

Klaus .1. Lorenz

Department of Food Science and Nutrition
Colorado State University

Fort Collins. Colorado

SAMPLE iDENTIFICATION0

Samples of corn (degerminated corn grits or whole

corn), dehiul10( or whol It .ovhvans , lod HII) I l fends L,
products were ext rulded on tie I rl'd v eithr sop;rtly NJ
o r tog e th e r a t tem pl e ratu re s I is teld il l , 11 1 0 1 11I
lowing ext r:sion the samples, were groiimd in i a:r #r ii

mill (WIle,), anod hose sp t sO
*extriidedsprtlvwl rl dd ill .1 ilo);irt -0
mixer (Fig. I) iH t I e prport ion of 7 pirts corn and
30 part. soy, hV 'elght. The A\ID iti in I lld ii l-
mixes ( Or l'itle II C:lB) WiLe :'ht, iied I I-O:: Ill fman j i
liRocIe ;urid 11li I ingrod t , resec t i Lv.

Batches of 500 graims were prepared. Th Vit amin,
and mineral mixes were dry-hlended for 30 TinuLLtes into
the corni-soy samples in the amounts spec ified for _
Title II CSBI. All products were stored at 40"F.

Table 1. CSB Sample Characteristics

CSB Samples Extruded on Brady Cooker

Sample Extrusion Temperature ('7)

1. Whole corn-dehulled soybeans (70:30) 340 X
2. Whole corn-dehu led soybeans (70:30) 310
3. Whole corn 340U. Whole corn 312
5. Dehulled soybeans 280 Figure 1. Mixer used to blend separately cooked
6. Corn grits-whole soybean (70:30) 308 products.
7. Corn ritt-whole soybeans (70:30) 338
8. Corn grits-dehulled soybeano (70:30) 307
9. Corn grits-dehulled soybeans (70:30) 340

1o. Corn Grits 345
11. Whole moybeuno 280

CSB Samples Used for Physical and Chemical Zvaluations
I  MATERIAL AND METHODS

(after grinding, combining extruded samples and nutrient additions)

Sample Extruded Sample No. Moisture, protein, ash and fat were determined
using the Association of Official Agriculture (;hemists1. Whole corn-Jehulled soybeans (70:30)

2. Whole corn-dehulled soybean (70:30) 2 (AOAC) methods. Mesh size was determined by shaking
3. Whole corn 3 100 grams of each produlct for 15 minutes oil a Model
4. Whole corn 4RX-24 porLab leve shaker.
5. Corn grt-ihole soybeans (70:30) 6
6. Corn grite-whole soybeans (70:30) 7 on U.S. standard # 10, 20 and 60 s lives, ;is well Ias
7. Corn grits-debulled soybeans (70:30) 8 the amounts ti-ro.lh a #60 sieve, were dit ermined
8. Corn Crit-dehulled soybeans (70:30) 9

9. Corn grits 10

10. Whole corn-dehulled soybeans (70:30) 3 + Consistency w,i llred with Brookfleld VlS-
11. whole corn-dehulled soybeans (70:30) 4 + 5 2) wa ha with a Bo k cov-
12. Whole soybeans + corn grits (30:70) 11 + 10 cosimeter (('1g. 2) ratther than with Ii aBstwIck con-
13. Dehuled soybeans + corn grits (30:70) 5 + 10 sistoneter, wlich was not available. In tils case
14. Bolivia (whole soybeans + deholled corn (30170) cormercial sasple
15. Corn-soy blend (30:70) comercial sample tie Brookf le:d Maile it possibl e to dlI1fferent late

between samples hotter than the llostwick, since some
Samples 1-9, 14 cooked tofether samples were very viscous. The samples were prepared
Samples 10-13 cooked separately as outlined under Methods of Analyses for the Cem-
Samples 14, 15 comosrcial samples od fo
Sample 14, no vitamins and minerals added modity Specifications of CSB with minor mod if icat ions.
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seen in Table IIA. We believe that a blending problem
with the Brady cooker was responsible for the lower

.A . . ,.s . value, since the same blend cooked at 308OF met the
specification. The fat values of some of the blends

Y, "are just slightly below the 6% level specified. The
4 A" ash values for the blends are essentially identical.

" " It has to be realized that these relatively high
values are due to the addition of the mineral mix

"- . after extrusion.

l
4

-4 J' .able IIA. Proximate Analyses of Seaplee--Products Cooked together

Cooking Moltur Ash
i  

rat
1  

N Protein
1

q">J . .. ;¢/,;;' ',,, " . ; , :.) ingredient. temp. (OF) (2) (Z) Ml (2) (1[)

Dhulld soybean.

and whole corn 310 5.7 4.3 5.6 2.93 17.5

Whole corn 340 5.5 3.9 2.2 1.45 9.6

Whole corn 312 6.9 4.0 2.2 1.38 9.2

W/hole soybeans
nd corn grit. 308 4.9 43 6.0 2.69 17.7

Whole soybeans
and corn grits 338 5.6 4.3 5.1 2.38 15.8

Dehulled soybear.
c.nd corn grits 307 4.9 4.3 6.1 2.59 17.0

Figure 2. Brookfield viscosimeter. leholled soybeans

and corn grits 340 5.1 4.3 5.8 2.60 17.1

Corn grits 345 4.4 3.0 0.2 1.38 9.0

10n at .oietore free basic; Protein - 9 0 6,25

The viscosity of the uncooked material was deter-

mined by placing 100 ml of water at 25C in a 150 ml
beaker, adding 37 grams of the test sample while stir-
ring vigorously with a spatula. Gentle stirring was
continued for 3 minutes t smooth any Slmps that may
have formed. IBrookf ield v. scosity then was measured rabhn 11. Pronimate Analyis. of Sample--Products Cooked Separately and

Cosrclai Sample.,uS imeit liiised ahlve,
Cooking Mosiure Ash

1  
Pet, N Protuin'

The viscosity of the cooked material was deter- Ingredients tenp. ('F) (I) (1) (2) (2) (I)

mined by adding 23 grams if the test sample to 175 ml

of boi ing water in a 250 1nl beaker, sLirring vigor- Dehulled soybeans

ously with a fork. Ie illng was conlinied for 2 min- ..d whole core 200/340 5.5 5.0 7.7 2.60 17.2

utes. The cooked sliurry was resLlvtud l from the hot Dehulied soybe.n

plate and held In a 30C water hath for 10 minutes. and whole corn 280/312 6.2 5.1 7.7 2.66 17.8

The beaker was placed on a scale, and water was added Vhole soybean.ood corn grite 290/545 4.9 4.6 5.9 2,S9 17.0

to a total slurry weight of 200 grams to compensate

for wal 1r loss duc' tt) evapotr;tloil. Tlue sIurry was Whole soybean.
and corn grits 280/345 4.5 4.4 5.9 2.70 17.7tliten hseldl t 3001: for I hour lisefure unukiti , vsuos;i tv

easuremens.oli
(cocercial .an.pl) 4.6 5.0 7.4 3.00 19.7

All uncooked viscosities were higler thon tie CS8
(co ercl l sOaple) 8.9 4.2 8.5 2.64 18.1

control c ommercial SM1unplI e. 'l is was lil lved to I-

caused by thi, fact that t he corn !i1 tilie commercial I l~n a moisture free basis; Protein -N n 6.25

sa-p Ie Is cxtriiled tiid er ratlie r low tm cpera, tire con-
dl t lns an1d is 1lt 0LlI V J1,0 t li, ' ed. 'lTo extrude
samples oil the Brady with the same low uncooked vis-
coidLy, the extrusion temperature would have to Proximate analyses of blends for which the soy-

be decreased and the amouint of water Increased. beans and corn were cooked separately are shown in
Trable 1113. All blends met the protein specifications.
The fat values are just slightly below the specified

RESULTS AND DISCUSSION amounts of 6.0 when corn grits were used instead of
whole corn.

Results ot the proximate analyses of the extruded
samples are shown in Tables ITA and 1l1l. Values for The commercial samples, Bolivian and CSB, were

ash, fat and protein are expressed on a dry basis, slightly hlplier than the experimental blends in pro-

which was arbitrarily selected. The CSB specifica- tein CSB was higher in fat than any other sample
tions indicate 'I maximum moisture content of 10M and analyzed.
minimum requirements of 16.7% and 6.0% for protein and
fat, respectively, hut do not state the moisture basis The particle sizes of the blends are given in

for these requirements. Of the samples which were Table III. Tise CSB specifications state that a mini-

cooked together, all hut the whole soybean-corn grits mum of 99% should pass through a l.S. #6 screen. All
samples cooked at 338°F, met the specifications as blends meet this specification. There are, however,
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Table 111. Hash S1.. and Irookfild vltso.sitt- of S-ple. difterenc.s in me.sh size is seen in lit thl table. Aver-

age part Ic le size appears tlie sma ill er when t lie sev-8.56 ie Br11 tooki Ield

Cl) on o nbeCos ,and tco corn were cooked sepotlv. When I CII

J*pdlien. tep. (') #to 130 60 h60 CRL I poct rot'ss iUncok"s ec it ied . the Method Mf gri td IUg nlS t V1-
respontd "i th 1it' ot'-., s I n 1 I nS t k, as s tllr t he

Ohulled oyba c trrc t pa I-t e s I S vi.
and ohol. core 360 0.1 78.1 21.0 0.2 1370 3600

Oehulled soybean. EX11l1i) t in .'t i ' I I' e JI lwi ist'It; i t t.!; ilic ';lcm d

and whole corn 310 0.0 91.1 8.0 0.3 2761 b6600

Whole corn 340 0.2 11.3 S9.1 22.3 360 66?10 h iglie' cooked t'l tintlilt %I I S, o.; j t -. Ililit Ix U-iS itli
Whole corn 312 0.2 16.0 62.1 20.9 190 43330 teflipeir'lt til' 11.1 \hV '.lII- it , di wn t te ll, Starch which
,"o, soybeans resti t I 1 li t' I I I r vi S S II . S.1np11, ; II ,ht,' ie
and corn trit. 308 0.8 71.6 26.9 0.3 2610 17530 torn and t lie , were e, x t 'u(t-d St'p.lllt t- Iv aid c,inii ed

Whole :,beln. in tilt, l't' t lIrI-011 't tiol had~ mucIth Iowci,r ... kvd~t prod-
ond corn rl. 338 0.2 86.9 13.9 0.5 163s 3330

ennllod "Y.esnw t It I le raw rn and sov hlsendhd
and corn trIts )07 0.3 89.9 8.3 0.7 2960 12330 sheti Id he ext t i

Dleholtei soybeans . tlh'"ir o e tll~|)l

and corn Itll. 340 0.3 87.6 10.4 0.7 2160 33600

Corn grits 365 0.0 6.3 41.7 31.2 623 90000 Tlit tilli'teke l V V i ln " iS it'S 0l thI lilt t ti 1ltlttnttitt

Dehullad soybean.
and whole corn 280i4O0 0.0 70.4 28.6 0.3 I3 32800 pl I . lie l't-k II t 1 t ' V i 0t'S I t ,llle;ll-; It t ' I I t I I II lo

Dehulled soybeans I, txtr I I nit Le ipt'Ilt Il' , 11,l1't IcIt' ,-sIzt. antd sitllI v
and whole corn 2801312 0.0 76.2 23.9 1.8 230 36800 iantifac i ring pr't i lt'tSt'e . 5 ;in USle t'Xt ht'a l ;I llt ilv

W/hole soybens Lmperattires tiIe'i it h.iVt' ihigit'" iiit'tttoki v l toI-
and corn ris 280/343 0.0 36.8 31.6 13.3 133 59600W"I' ""*:1 tis liS 11t tic'SC e nIst' , ti lit' nIii0Mt wasi extpanided Ioa

Dehluled soybeans grt or ext at , I lowIn, It to hyt'e (Ili 'k I lv an pro-
and corn trITs 2801365 0.2 29.6 39.2 10.8 ISO 63600 gre aer e ic . liw lui It t't M tim ant

(cosirclal ...pla) -3 0.2 89.6 9.8 0.1 960 136260 Spl'Iat'l/ t' slt Ii prht' t with MdlttIt'rtt t 1i h'lh

CSB - control 0.3 85.S 13.7 9.8 2103 IOO vlscosItle .. Th t thi.I'ht t itt t e i'rli t ii ort' It txIru i ts ilil
on t lie ioril , t lie ItI ghe t he v IStt, sIt v.
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Physical, Chemical and Sensory Evaluation of Extruded Products

Joseph A. Maga
Department of Food Science and Nutrition

Colorado State University
Fort Collins, Colorado

TOTAL PLATE COUNT would appear that various CSU products (7, 8. 9, 11,
12, 14, and 15) had densities similar to the domestic

Standard methods were employed to analyze the commercial sample and therefore should present no
extruded and/or blended products along with the corn- packaging problem on a weight-to-volume basis.
mercial domestic and Bolivian samples. As seen in

Table 1, all products were below the maximum level of
50,000 colonies per gram. All CSI samples, except
number 12, had counts lower than 500 per gram and thus
would indicate that raw product quality and extrusion
and/or blendlg condi.ions present no microbiological
proble-m.

Table 1. Product Total Plate Count

Processing Processed Colonies/
Product Temp. ('C) Separately Together gram

1. Krause CSB 10,100

2. Whole corn 155 + 330

3. Whole corn 171 + 380

4. Corn grits 171 + 51

5. Dehulled soy 137 + 325
6. Whole soy 137 145

7. Whole corn/dehulled soy 155 + 255

8. Whole corn/dehulled soy 155/137 + 250

9. Whole corn/dehulled soy 171 + 225

10. Whole corn/dehulled soy 171/137 + 85 Figure 1. Density samples being weighed.

11. Corn grits/dehulled soy 155 + 300

12. Corn grits/dehulled soy 171 + 16,700

13. Corn grits/dehulled soy 171/137 + 63

14. Corn grits/whole soy 155 + 70

15. Corn grits/whole soy 171 + 405 Tabie II. Ireo.sM product Dmsltis8
16. Corn grits/whole soy 171/137 + 330

17. Bolivian CSB - 1,155 Frooss n6 Procesd ln ty 2 Chasa
Product Tsmp. (C) Saparstely Togther (IcC) Fr- Sap. I

1. e... CS- - 0.516 -
2. Wholo crs 155 + 0.406 -21.4

1. 6,h15 corn 171 + 0.318 -31.4

DENSITY 4. Corn Irtt 171 + 0.196 -62.0

5. Dhull.J soo 137 + 0.514 - 0.4
The density of all products was taken by record- 6. Whois o37 + 0.107 - 2.

ing and averaging the weight of 100 cc of each product 7. hls or/dhols:d -oy 15 0 0.32 - 2.1

for three replicates (Fig. 1). These averages are o. 6',015 corn/d.hllsd soy 13137 O.416 -22.O
summarized in Table II and, as can be seen, signif.- w" i o di.d o 0.14 01

cant differences do exist. Noae of tile products had 10. vhol. corldh.l1d sop 171/137 + 0.3w -29.1

significantly higher densities than the domestic com- 11. Co Seit./dh.1ld soy 155 + 0.148 + 6.2

mercial control. However, certain products had signi- 12. Corn lrti/deh.1lld soy ll + 0.547 +6.0

ficantly lower densities. It should be noted that 13. Corn irtte/dehullsd soy 171/137 + 0.232 -55.1

increasing processing temperature from 155 to 171 i4. Corn grit1whol soy 155 + 0.547 46.0
degrees resulted in smaller density changes as com- 15. Corn grItc/ hol soY 171 + 0.5320 7.,
pared to sample 1. Also, processing the grain and 16. corn grits/whol. soy 171/137 + 0.216 -48.6
legume together produced a smaller density change than 17. boliv, CSI - 0.614 -19.
processing the same products separately. Thus it
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URFASE ACTIVITY grits had the highest level. Also, it is apparent

that products processed at 171 degrees absorbed more

Specifications for urease activity as determined water than those processed at 155 degrees, and that

by increase In piT, as measured i AACC method 22-90, whole soybeans had higher values than dehulled soy-

for defatted soy flour Is 0,05 to 0.15 units, while beans. Lastly, blending separately absorbed more

for full-fat soy flour the range Is 0.05-0.50 '1 water thaln the corresponding products processed

illnits. As ;I matter of record, urease activity meas- together. Thus it is apparent that all CSU products

urements were performed on all samples even though should exhibit more functionality in food systems

most of thV iI conta ied oily 30Z soy. As seen in Table than the current domestic commercial sample. If It is

11I, it soy product (5 and 6) were both within range. necessary to produce an exact duplicate of commercial

It should also he noted that apparently corn can also CSB, these data indicate that a lower temperature

cootr Ibite to urease activity. extrusion for the corn would be directionaliv correct.

Further tests need to be run to determine the precise

condit ion.

Table Ill. Product Ura Actvit7

COLOR )IFFERENCES - PROCESSE) PROD)UCTS

Product Tep. ('C) ........ly Together Oncro.. to pH

Samples of each flour were evaluated for color

I. Kra...CI - 0.09 properties ijsig a IlotI.er Lab Model I1251)2 Color Dtf-

2. Whole earn 155 0.05 ference Meter. These dat;l are simmarized In Table V

3. whatl. m 11 1 0.02 in the forms of 1. (total Iightness) , A (+ = red, -
=

4. Corn grit. 171 + 0.03 green), B (+ 
= 

yellow, - = blue), and AF (total color

$. [lihullnd *0y 117 + 0.11 difference). Thl clost,.t hlend in Color to the
6. W ne 007 137 * 0.11

domest ic commerc i a] spieII 1 wa product I1. As

7. What. al . /d.hoI1od 057 1+ 0.04

B. Vtl. con/d.h.1ld 00y 155/13 0.0 exlpected, tile lower tie pr c ulessing" t emprot tire, tie

I lkliter the colr. Likewise, corn grits gave lighter-
9. W . orn/d.hulld oty 171 + 0.03 colored prodtLs thiln who! 'orn, wtl 1 e dII liI led soy

10. What. -o.n/d.h.U.d eey 171/137 4 0.05 res lted If I i ghter-colored priduct s thln whol soy.

11. Corn it./dlhulld ay 155 + 0.04 Also, ; l ightter color resulted when the blends were

12. Corn girte/dehulied 1 il 4 0.03 processed Lopet ict r, i tompared ti p y Sit;ll blending

13. Corn grlrt/d.hullod oy Ill/Ill + 0.02 after processing. hus it i: aapparent that blends can

164. Corn grita/vholee oy 155 + 0.07 be extruder-I roCeSSt d ttIt hove comparable color prop-

15. Corn 1 m t1y/oln, 1 Ill + 0.02 eiLties to tile current commercill product.

16. C.n a, It./hol. 00y 171/137 + 0.06

17. BoIlvin CI - 0.00

tobi. 9. Color I.Difference Ao. Procesod Product.
WAlER AIBSORP'T ION _____________________________________________

Prao ll.ng Processed Color Properties
I

Al Indirect meastirement of product functionality Product Trp. ('C) Separately Together L A a AE

in at food system can be obtained by measuring the 1. trs- CSD 70.9 +1.0 .26.4 -

amount of waiter a prodie t will absorb with higher 2. What. cam 155 + n.J -0.1 +27.5 1.55

levels indicating a greater degree of functionality. 3. What . 11 1. h. -0.6 +29.0 2.17

The spui I f c pricledure Ilvolves dissolving 5 grams of 4. con mgrit. 11 75.0 -1. +27.3 2.50

powder ill 40.(0 ilil oi WaltT, I ol liwed by centri fuga- S. DhulIli ..1 117 58.9 *1.5 +23.6 4.15

L ion alnd ii irtiliill ttt o) t10 itil tl (11 free water 6. whole 00y 117 + 59 01.3 +23.1 4.29

rema uni n g. As seeitn fi lilt IV , tie doimest ic conmer- 7. Wb.l. caor/dehulted 007 155 * 68.1 -0.6 .27.4 2.32

Ulal Sil I ll p 'I hiio; tile t we st rite at 1 5. (t; whlile corn B. Whtl. or/dihulld 007 1501137 • 67.0 -0.6 .25.6 2.35

9. What. coraidhu.lld 00y 171 0 66.2 -0.6 +26.3 2.49

10. 7 hat. corn/d.uilod 00y 171/137 * 64.9 -1.2 +23.0 3.61

11. Coon olirt.d.hll.d soy 105 + 71.3 *0.1 +27.7 1.61

Table IV. Percent Water Absorption 12. Corn lrIt./d.hulnd my 171 + 71.4 -0.4 +21.4 1.97

13. Coon grl/d.tbulld 00y 171/137 + 1.2 -1.5 +25.7 2.35

PrOc ... 1C p roce ol1 o I4. Corn srlt./vhol oy 155 + 71.7 -1.8 +26.8 2.00
Product Temp. (-C) Separately Together I Water Absorption 1.Cl ~t/hl 7 11+ 6. 00 .92 24

10. Corn *rlt./ohole 007 171 *. 671.8 *-0.0 0.9.2 2.61

.. Cor. grit./otho. 007 171/137 + 67.5 -0.6 +29.6 2.49
I. 100u0. COB- 10.4

2. Whole corn 155 + 33.8 17. ballvlan CSB - 68.6 -0.6 +23.2 2.66

3. Whole corn 171 + 36.0 ..lond.rd Io. CZ - 3865: L 78.2. A -2.4. B +21.9

4. Corn gits 171 + 56.0

5. Deh..11d oy 137 + 24.8

6. Whtol. a0 137 + 25.4

7. Whole corn/dehulled Any 155 + 20.2

8. Who1. oon/dlh,1od any 155/137 + 27.8 COLOR DIFFERENCES - GRUELS

9. Whtol. orn/d.hulled oy 171 + 27.2

10. Whole oorn/dahullod oy 171/137 + 31.6 As a matter of interest, the same color measure-

ments as described above were performed on 11.75%

12. Coon g8 it./d.hu11od 0ay 171 + 28.2 gruels from eaci product and, as seen in Table VI,

13. Corn &r1t./d.hul.ld l07 171/137 + 38.0 there was a darkening of most products in tile gruel
form as compared to the flours. Also, none of the CSU

1. Corn grlt/vho1 oy il + 0 729. products was as yellow (B value) as the control. Per-

16. Cor. gi11./.10 0o 171/137 39.0 haps this could be explained on the basis of raw
material diffdrences. This color difference was not

17. Bolivian Cs8 - 3.6 perceived as critical in the manufacturing of CSB.
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Tsble I. Color Dtffernces Am=$ Product Gruel. Table VII. Product Nitrogen Solublilty indexes

Proc... L. Proc stood Color Prroprties Proceitng Processed
Product TOW. VC) Separatsly Toopthor L A 5 As Product Trop. (C) Separately Together HSI

1. Lrasu. 00 - - - 69.9 -2.1 .32.6 -
3. WWI. core 155 + 67.7 -3.6 .21.9 6.16 1. Krause CSB - 14.35

3. Vtl. corn 111 * 67.8 -4.0 .25.1 4.27 2. Whole corn 155 + 7.03

4. Core $rico 171 + 71.0 -4.5 020.7 4.01 3. Whole corn 171 + 5.54
5. Db.1led soy 137 + 61.0 00.3 .26.1 4.91 4. Corn grIt. 171 + .30
6. V601. soy 137 + 56.6 01.5 +23.9 6.10

5. Dehulled soy 137 + 9.17
7. Ohols €orn/.Aslolld soy 150 0 66.7 -2.9 .30.0 .48 6. Whole soy 137 + 9.13
0. Woole cor/dt.bllo d ooy 155/137 + 65.1 -3.0 +24.8 4.10

9. W6 l. cor ldhullsd soy 171 . 66.3 -2.6 +2S.9 4.01 7. Whole corn/dehulled soy 155 + 8.63

10. Whol. core/d.bulld soy 171/137 * 65.3 -2.1 28.2 4.46 8. Whole corn/dehulled soy 155/137 + 7.44

11. Corn pto/dlulld soy 150 69.1 -4.9 -30.9 4.48 9. Whole corn/dehulled soy 171 + 8.13
12. Core itrts/debullod soy 071 + 69.2 -5.0 .30.6 4.00 10. Whole corn/dahulled soy 171/137 + 7.46

13. Corn prt/d.hld soy 171/137 + 70.0 -1.? +25.5 0.61

14. Corn srlto/eol y 155 * 69.1 -4.9 +30.5 4.49 11. Corn grits/dehulled soy 155 + 5.73

13. Core gritso/etle my 171 + 68.3 -4.0 +30.3 64.6 12. --

16. orn lrits/vhol. soy 171/137 + 69.2 -1.5 +25.0 3.76 13. Corn grits/dehulled soy 171/137 . 7.33

17. Solvsan CS6 - 62.4 +0.1 .22.9 4.45 14. Corn grilts/whole soy 135 + 6.15

15. Corn grits/whole sOy 171 + 5.70

16. Corn grits/whole soy 171/137 + 6.98

17. BolivIan CSB - 2.66

NITROGEN SOLUBILITY INDEX (NSI)

NSI has been correlated to protein funCttonality

and, in general, the higher the NSI, the more native"
the protein. Specifications call for defat ted SOy
flour to have an NS! ranging from 10-30%, whereas the
range for full-fat soy flour is 10-40%. As a matter
of record, NSI tests were performed on samples as out-
lined in the AACC method 46-23 (lig. 2). As seen In
Table VII, the commerc ial CSI1 had the highest [S1I FLAVOR PROPERTIES - STORAGE
value, while the Bolivian CSB had the lowest, De-
hulled and whole Soy processed at CSU were at the low "he sensory properties of representative samples
ends of the suggested NS I ranges desc ri)ed above, t hus were eval at ed us ln t lie flavor pro I II, analysis t ech-
suggesting that from the NS I stanidpoint , a lower proc- nique, whereliv a highly trained four-memtuber pane1 Is
essing temperature may be ippropriate. TIle ilif luteice used to describe lnd quantitate ithe aromna. I lavor, and

of processing temperature oi NSI ca ie seen ibV COM- aftertaste asstociated with I a prodIti . An I I . 7 57
paring samples 2 vs. 3 and 7 vs. 9, where the higher gruel, p'epared is described ii it. currelt (1i sp(,e -
temperatures resulted in a decrease in NSI . f lcat ions, ws; used t Ior all sensorv evaIoat Iit oi;. It.

flavor prtfI It Jlt S Ia y i ; & t I tt (I I I lye top I .s oir,. shlt-
Although the NSI values for the CSU samples ap- mar ized in Table VI I I . As '/ii hto -e;etH, nti;[ Iiodtit s

pear to be low, it should be noted that these samples had similar prof lIet, with only ro-d,- ot i(t te7 t Ion
were essentially "cooked" during extrusion, whereas varying. Prto-s;iig, tie, groin ant I ig,,ln toget her
the commercial CSB was not. gave a driielC With iI aMore plastilog, I)I0 it' than

blending afteor Ipiroe 1ssing. Also, a starch lilote
appeared in the flavir ot thi (:,Ct sampls. probably
due to the cooklng during extrusion. In addition, tilt

, .. f-lavor notes in cimmercial C(:51 were all at threshold
levels, whereas wi th CSIT samples t hiese iOtts hiad In-
creased to a si I tt level this; re I t lg In a more
flavorful product.

After process. llg, represlentat lye samples weighlng

Al I .- approximately 0. 5 kilogram were placed In the Iol low-
ing storage conditions: (1) -l18C in 30 mil polyethy-
lene bags, (2) 2 lC lt either 1M rl opyethlene ir

Kraft flour bags at 20;i relotIwye Ittiu)ld Iit y (1Ri), and
(3) 27c' ii 30 mil polyethylene or Kraft flour bags at
80% R11. Flavor profile analysis data were obtained as

escr iied above after one month of storage itiider ea(h
condition. Theil r sensory propert los will aga n he

j' evaluated after a total of six moitlis of storage has

Changes that had occurred after one month of
storage are summarized in Table IX. As seen, minor
changes occurred at 27

° 
and 80% Rt for most products,

with the most common change being a decrease in the

sweet flavor note. Also, more changes occurred with
Figure 2. Food science laboratory used in products stored in flour bags as compared to

sample analyses. polyethylene.
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Table VIII. Initial Flavor Profile Analysis Data on Selected Sample Gruels

Whole corn/ Whole corn/ Corn grits/

Krause CSB dehulled soy (1550) dehulled soy (155°/137*) whole soy (1550) Bolivian CSB

Aroma: 2 Aroma: I Aroma: 2 Aroma: I Aroma: 1
1 Sour 1 Corn 1 Corn ) ( Sour 1 Corn

)( Green 1 Green 1 Green )( Green

)( Corn )( Starch I Corn

Flavor: I Flavor: I Flavor: I Flavor: 1 Flavor: 1

)( Sweet 1 Sweet 1 Starch 1 Sweet 1 Starch
)( Corn )( Corn )( Corn )( Corn )( Sweet
)( Green I Starch 1 Sweet 1 Starch 1 Corn
)( Bitter )( Green )( Green )( Bitter )( Green

)( Bitter )( Bitter )( Astringent

)( Astringent )( Astringent )( Bitter

Aftertaste: Aftertaste: Aftertaste: Aftertaste: Aftertaste:

)( Bitter )( Astringent I Bitter )( Astringent )( Astringent
)( Astringent )( litter 1 Astringent )( Bitter

Detected at threshold level
1: SI Ight
2: hoderate

Table IX. Summary of Major Sensory Differences as Influenced by Storage Time and Conditions (based on data from
Table VIII)

Product/Storage Condition Change

Krause CSB:
1. -18* None
2. 230/20% RI! polyethylene None

23'/2U% R11 flour bag None

3. 270/80% RI polyethylene Loss of sweet note in flavor

270/80% 1111 flour bag Sour aroma note increased to 2, loss of
sweet note in flavor

Whole corn/dehul I Ied soy (155*):
1. -180 None

2. 230/20% R11 polyethylene None
230/20% R11 flour bag None

3. 270/807, RII polyethylene Threshold grcei n-nma note appeared
270/80% Rif flour bag Threshold green aroma note appeared, sweet

flavor note decreased to threshold

Whole corn/deuolled soy (1550/1370):
1. -180 None
2. 230/20% R1 polyethylene None

230/20% RII flour bag None

3. 270/80% RIl polyethylene None
270/80% RI! flour bag Sweet flavor note decreased to threshold

Corn grits/whole soy (1550):
1. -18* None

2. 230/20% RII polyethylene None
230/20% Rif flour bag None

3. 270/80% RI! polyethylene Sweet flavor note decreased to threshold
270/80% Ril flour bag Corn aroma note decreased to threshold,

sweet flavor note decreased to threshold

Bolivian CSB:
1. -18

°  
None

2. 230/20% RI polyethylene None

230/20% RII flour bag None

3. 270/80% RI! polyethylene None

270/80% Rl flour bag Sweet flavor note lost
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Nutritional Evaluation of Extruded Products

G. Richard .1. useli

Department of Fond SC I n,,' atlld Nut r it iot
Co Iorado St a t it n ivers it N

Fort Co I I I its, (ot'n railo

RATIONALE OF l.IC: PROGRA\, reqirld lo ' lli. linton'tit.. lItrlIt Iv, vsselit 1,11
• 1lnH lO ICI'i Ilt-L-1S M l't 10 h Ig 'l i TO H ;,, th t ill lild h -~ll '11A good place, to start ai discussion i ll the inutri- J1tc'. I'le dillt rit'vki, i 'sP ' 1.11,' .lv t Ikt ,, Iti rtional evaluiation of exti'idcd prodicts would bt' ti l's I il' Which i, ti.' llili, i ii h So t I hliil illp Iirestalte t he~- ratiollialc Ior ii low'-cost et' rulsion coo~tkcrl CI'0t l't4 ittS. T1110 Ivy;illt- lit'd I M e %-l l h k Iiit'll(LEC.) progralm. Siitly stalted, it is to) provide, Iow- b 'I,llso, 1 ltc hl+,11 ,h ll 0vin 1,]t)t 0l 110W p1lotcii

Cost t-utritfOUS 11)(11 u+ In , rt ll ivt]\' si l t 1111111- 'NV11thl'Sfdtd , wlw'l't'. lilt' I\ J t flho -' It~ o I 1llinlt'.111, k-ogy 1utilI IZing i ldi .,onouv , "1e 1 t I'tild Iu t I I+ l Irtllllce i s t toch I owt'l" Itll l 01 .1 'oll';idcIt''ld) t I. "Olltl' .lt ol
tile result ittg loods 1nto a 'hi It i (1 o 'r .I t t I,, I ) holy Ivsii I I in tit, iId lt l . i'; . 11 i o -;t Ii.,program w ith til it t t it it a, hitiv, i , i lilt iIt ionil 'l.tt 'I* 'Ji t'itld til rti, iI i ti l I itI t' i . I tll t h.lii ItlillpacL-. Ti'le t I- I r t ioul I mp i t hopi-d I r ll

+ 
illt I ndet+ C ' .t r t t ll W, ',A ll I a I I t ( Ii .l . In it :-A Ir, I'll I iIng

red tic iug t e i. ot71 I it'.' ri .;Isi IitV, itlr iIii'i' is i ' lt row h i ',l.i thuItt .i. 1u' 'vu'i i 1 imj It I lit h rnt tithe gr Iow th and we II-I, i,- l I ld ,n I It I tLl lll-l id I I, , pt Iin i]iIill
I 

. hI , I t P, l~iil iul m I li l .. m.t .i M I L I I .I
those in the ir, s.hi to I vct,. , rtIL , t h.11 dot's+ t i l-it id I l,'itli'lt I V i ufiow Veri

we I I )It plo t I, ill t' oilt .1li i l i 1 , I I u1 ' 1 , l I 'lI) It . o
T i h lt p o t t itid t h I t o , I 0 0 d i ll" r , s i I tuti t t s i 1t u' ;c tl I i 1 1 l i i h mnIll h I, i td ii . I h I ' h tl.ll1 d .. ,,,11 1 tbeolit s .i ke o t itor o r ,in t uthri,-th ti i , i Iv's uit ar- u tlv nIt(h ; I s ' th nirlIII t i l lv, t l, w-ltb us prgla)ik L.iJ V lt u 1)'1- 1, in mudit w. It u , ' t i t hiut iv- Iit t i. I-t,;n--rIt iv Iv Inh I It f lu-n'lit I V I im u'., t i i lt

ing that the. Irodt lh' : must t het wctlJ1-,l I ' ptt-I Iv lI ho i Ite ; <it .1 plIoblorll ill tlit 1.tt 11h,11 it I,; ill h10r11.11
target groump to ,Ii%, y kind of [lit ritI iol.1I] I f- .I t s .11d Votlrll. ~li Il -.1. Ill I'l) Ie , th ,l lithnpaIt t. 'I'll pI .+rj- W ilI, hm ',,~ , do~ll onl%' w it h .(idI rlequilellwltttg Io in ~ t + hildrt ,n .111t1 ,.11111S, .d+s
strictly nutrit ion .il ispctc;. Nut it io is in olvo l i'st jMi t'll lv thiL' l"A\/lt,'h piiu-t li'nmllitt..,, 1, 1t iat L hree IleveIs iu 1.1J " n ur -I nt M ; as tI IIol ,: (Ii) nlti ti I ,u tllin.11 o'n wi ih t li'i ,,I I t ,l Ili ion. ll I , in11 lw
t io u in L ldt i ol ()ll t s pr t Lsu , ( 1 ) nut r i i ona I piv t t,1eva II Lio tit o i)1-odut. L s , lldt ( i) llill ri t iolnal I " .I la;t I'Ml

of feied il u pl-,, l 'arnis
-+ ;v r-. , , d' -. ,

, j, ' , * u"2ISSUES IN Pl'li1l:1 N ;\ND :t 1d: 4(;'Y NUll IT IN M~ 4i ?

Before II scuss itig the nttlr it LIona I s 1 li'c i lt s '

of extruded )rodiicts , there are several Issues ieal ing . .
wti L protein aild llt'rgv ntlt r It ion that should be

ns idered .

Prot. cin Quality-Qiau t ity Relationships.

Ili s topic has been cons idIert'd iin mor tit' c t a . .I til
previously by .Jaiisen (1974). ProLein q(Iial it, t ilt' , p
the protein qultit IIy dt'terin es the net prt in va lt' Iiiif a diet. Itt other words, it is possible to comptn-i
sa te f or poo r qua I i tL by h t I teas in ti .tie aliulint- con-' 

-zsumed , wi Li in certain i t , ;tI I tos , a v vrs;., irot i. 'iI
qual i ty r't' er-S ti tIIt' at trilt 1 s of a llt i t 'i't 0, 1 t 1 1) Il t U I I I I M
determtint how cf if it'i tlt Iv it is uli I :i'd It io r g o I I
and maI titel1+ihl e. lilt' two olilt t illoilrt alat ;iLtriiules.- 

' "
are: (1) thle alltn a i ;illilsO ite ]-"iLion, V;islII' ti"he' -amoUtnt of Lh aliot i i ni ' 1110 a li i it' i 11lit ti(llf Cared I U 1 L CI"iir ('III ',' -' .
reference stanidard, i e. , the I ititIng lmillo ii Ci i itit i d ;' a I "•1 , :, , , .: +..
(2) the digest lb ii t y of the protein. The di f i ciii :11 t,
in evaluation resu its from the fact that the amino
acid pattern required for growth differs from that Figure 1 Rat in feeding chamber.
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There Is no doubt in my mind that cLaren has
Tabl. I. PeAOlilo A~loo Arid Pattern,

1 "us/ of pro~len) overstated the case. As has been revi ewed (Jansen and
Verburg , 1976), I here are tnnv st Id les reported In the

Provssonas

AWIno .-ld Inlant 10-12 year. old Adult rorin. prt.rn lI te rature wh re pnt em i- ih, r rotl i Ie u oed

------.. .. .. .. .. . . .. . . ....iere I.f Ic o t l v We w Lt'i f1 ood ln t; ke wsis rcstrlcte d.

HIlIdInt. 14 -We have t arr led cut scveruil (:;) L'p r i Ir'lt ' in this re-
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dlets tI bhredl], I) I1, 1 111 Ivs 1h, I r I., p I is

INsin' ith I t I Iret ih n I I t t i re td .ridgv I ivr1. h Ai we We1-
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o) v't'.1 ", W .I . hI l',,d il l,,m1- ,t l ' t Ii i, -,l pp c; i I illo . v I I .]fll] I ('Iv , I it tI I '- - if I In v - 1- lr i 11 4,1 , I t , t . ItI
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I ,L. I I on (l t, ) l, I ' -l t , I th . A I f-rI!; 'It I )r'tt , 0 l 111t:U ioll I , -wit-;.,Jhlt htlow 1lt-dtJ I t i ",h'v i tis thalt

inlr' l l, o f 1t !1l th t h1.v, , - l,' . it d ( I t t ,v t-r I ht i).I t tht (l.,it , I. tlt , )(' l '1' t III I,,("I] ill( kt , t ilt, It,,C :+S '; I[it-

-. It " I, 11 1' ..lt i~t'l ) r lt l 'i , 1 0 t . " !1 , tt t iltlp ' lr lt tt v wn ilI l 1l.1%t'.
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I gore 2. We fght ga In vs. Iood consumed as I f fct ed hv prot e int qu 1a Ity (exper iment 2). The regression line
with 957 confidence lintervals for each diet are shown (n = 40).
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Figu-e 3. NPR vs. food co nsumed as ;ifi t vIt. bv )ote-in ot(p it v (oxptrrirtu 2). +Ili io,-o l, ol i. I b ; with )5
confidence Intervals are shown (n = 411).

Table II. Amino Acid Fortification of liratd Fed to ,l .ttH or I.c . itn k ,its H) itlt-t,ti IMt, y ,'v.

Group 2

Diet Broad Br- d + .vsiw Br,'Ii I . , Ihr-l + 1.vi, I'i,', I v v-,.in-

Level of Feeding 2
00' 1 (If) 7 I 1it)

Food consumpt ion-pregnancy
(g/day) 16.8 1.1 20.4 ().t 14.) '..' I . .) -.K ..

Food consumpt i on- lactat Ion
(g/dav) 31.4 1.4 1P). 5 I. 20.1 i., IX. " t).) .1..' 0.. I

Weaning weight (g) 16.8 0.4 26.4 0.2 21 .4 .2 1.,i 0. 4 28. 8 ).
Brain weight (g) 1.235 0.010 I. .122 1.Ol)8 1 .25) * ).017 1.4 91 0.0(18 I. .144 ).01,
Cerebellum weight (g) 0.148 0).001 ()..155 )1.()()I ().154 0.0)ll 1). 177 1.()(l 1). 1SY) 0 1
Cerebrum weight (g) 0.847 0.012 (.894 0.()8 0.841 11.107 0.906 (1.O10 (1). H82 0.OhX
Brainstem weigitt (g) 0.202 0.004 0.208 0.1)04 0).218 0.005 0.235 0.002 ().1 I k O1.)
Cerebellum protein (mg) 11.90 0.20 14.38 (.13 12.70 o.10 16.14 0.10 14.26 0.)8
Cerebrum protein (mg) 71.16 0.99 7H.1i 1. 72 70.31 0.56 81.12 0.80 77.14 O.70

Brainstem protein (mg) 16.23 . 0.33 19.20 . 0.36 17.28 1.39 19.49 1.11 18.22 O.14

Cerebellum INA (mg) 1.023 (0.019 1.16 0.012 1.080 0.009 1.467 0.010 1.144 0.007
Cerebrum DNA (mg) 0.922 0.016 0.975 (1.010 0.927 01.012 1.188 0.014 1.973 0.011

lBrainstem DNA (mg) (1.231 0.005 0.264 , 0.005 0.247 0.006 0.281 0.002 0.258 0.002

1
Data from Jansen, G. R. and Monte, W. C. 1976. Amino acid fortification of bread fed at varying energy levels

during gestation and lactat ion. (Submitted for publication)
2
Percentage of " >'itw,; consumption.

3
Mean + standard error.
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Protein lImprorvement of c(erval Diets Proximate Analysis and Calorie Densitv

"lie ilrnpri 'vi'rintl I itl prote' in valht. resil t Iig iThe prox imate in;ly I vses f "JIt I I I titmmod I tles

from addl'l in ,I ill, a ( ret d
,  

I 5 i. well are listed in Tahte IV. The perc'entage of calories

Pl'iWn oI d ,iii S hllt; ' ,tmItr I /t'd ISW'h, t,' (la sl;en , suppi led by protein anid fa t Is aI so -cnpared to the
11 '). / i,1 i ,' ' jijl ri lliin mlytoiri's iv;vd it corresponding v.liics I I t II rcat milk.

IIiI Il-I Ic W,,i I I -1 1'.] 1 - Iv i rita mix t lit t-'S, I
I1'. ,1p p ri l~ Ir, "< 4,, 1 1 l , I 1)1 i,.- I) ," h( I(- 11 .1 e s

i l I t ,' 'i ii : I .. I I I A '. ill I;I Ii I I I )|

,add t I,,I] l i .ll ], p.1 1.. 1. '.' 1 1l I I I (iur Table IV. Proximate Analyses of Title II Foods1

i l-Ti ) I, i.' ,.I i. , . . i -d i i, (grams/l00 grams)
l li ,.] t, i~ ,,''i~ 

.  
Il,+ h . "ol l, ; Ill I, t 'J -Io l it

111111 o v k-r11A lit fh lu t iI I ,'I , ill, 1 - '- l o,+ l i+' lcl ilt 'i .1 ,"i

Il i, ;,o ,, ,,I tI.- ,iili i 'I l , t I ii ;lidl . It it wire Z Calories from

I, , Im ii ', , 1 I .T I ,, 'i , n , a m ti, of SV Com ditv Kcal Protein Fat Carbo Protein Fat

t I I ' il li ,. r i t r, -th____. __ b e , .1(.t_ nn uI _Tri__

I .iii ii'.' It till. pri~ i I . tor I l a i 'I n iii a ii til t v t CSM 373 19.0 6.0 62.0 20.4 14.5

CSB 374 16.7 6.0 63.0 17.9 14.4

WSB 360 20.0 6.0 60.0 22.2 15.0

WSDM 435 20.0 20.0 50.0 18.4 41.4

Tab]. lit. 5.ppI.m.nletion .i C:.... 1. ith i(;.d.d L.Vel. o Soy Floor Breast milk 6.0 54.0
Containing 462 Protein IN a %.10)

Patti loy Soy protein rhmc l Proteln Im.IItinl
ir., I n. r.r. I ii total .. nb,, aino M Maximum fiber levels allowed: WSB 2.52; CSB 2.02; CSH 2.02;

WSDB 1.5%

Resl miller 0 11 19 2.9 Lymni.

II 1i 99 6.1 Lyl::n

16 ,0 70 0.9 LyInll

12 67 76 12.7 9,thlonln.~hle wheat

it"o, 0 n 4S 4.1 Lyln. MI joir itiit r n t Iii.i s-l's ivo Iit' are the calorie

I 28 68 8.1 LYIn. d'iis it v o f t lit' I d land tii' -,rot ei i- t',g v rat io.

IT 4 78 I1.2 ly.In, S iI I c' rtt i nd I -;Ir1otI\'Ir t t h''.ii vit-I(s 4 kilo-

12 62 79 14.i 9,lhlonln, iiiiii'i's a" rirl', , ptel t iri'j it+ V'iti1t's of and 0 for

(flgl 0 112 6.9 lY. Inn.I II i I i tII , I , I ' t I ,' I ', it . . I I i l i ,n11 t . hInit

2' 76 10.1 Lymin. iIt tri.s ii t t t l it t t.r t inst itiee ts are major

690 6 :0.1 Lym *. 1dlIt t rtl i. Iitt [I t t I , i i I -'t ,it',. in ItIito t ,)C('s t Ie
In, I I. toonl,P W(, I iu , T l ' I I" : i;, V "< ,, V , ,I I, 1 It l+t a h il,,h-fa t

12 111 11 111- n It . e l lon1 -h i 1,1-ll -t i 
, 

I- I ,,d " .1 I,.'- , t o w- t I o r ie ft od .

Corn 0 0 49 4.1 1,.l1n. Alt liIInI',Ii tit'l it- .11 ' ,it, it Io', i1,1 1 ( -T) art IsfAc Lory

9 28 67 9.2 inmin. II -i-diji it nitie,, iI l I. ' s III' Iit tl less
164 1I 7 14. 1 el lon it~ l I ) t ,wl,, I 

:  
I I I II+[ W 'Il I h il t rI'll tile

12 1.1 69 11.6 Mthi,-lne r tilit i't ' l, . lit I,'t,'i in ' t I It I. I Ituo s would
0.8lillt i 0. 1 ' l Ill- b ' ;U 1'i 'I I if~it-It ito 11, S ill('L' suchI +I

diestoI 0 IwI 1.9 i.ymln.

8 27 90 7.0 Lylln ,
16 92Z 66 10.0 9.thloi~rl i I r''t'ti lItht. it nt d ,Ii .i t l 

+  
t. I t ' Iist il I c~,

12 %4 66 11.4 1,th nine iiI''' , ( t i u t 11i- it it't'l iiii lictic talone

l 0 0 69 4 .7 Lym . sIt - f.it t' I tin i ti ,,, it this ,intl i e ac tomplished
111"e O 6q .1 Lyl ne '+,ithfill fill' t'1t' 1'll i-ll . C HI! II';IiIltS .1l11d il l +i ,v thjlt

S16 '14 .q Helhlonlne

12 69 71 11.1 Methlonlne lirot c in-irinerv Rat io

TheI tIleSir,ih]e I1rtILiII-ClI(t'y ratit o Will clearly

depeiid st toile iuAlitv of th trotein arid Its d iges-

NTIRITIONAI. SII.CIFICATIONS 01:' I'RODU_1CT'iS ti1-ill t'. Ext riplit gi Itrrt .rit growth studies
(Fig.. 4) 1 \,err hilptti, hut digestibhility can be

SjrC 'if iat ions hayw.' IILL-i itn e iiSheid for all quilte dlifll ere'tnt ili a ,-tt, itfilaTL thln in a weanling

'I'it e IIh ieideti Ioods '-rront \' ised it Itceding pro- rat . "'lrt,' i' tit-, a ill ' diSt'scu ld tilow, studies
grams, fit'l -fll),' CSI',, C .:,M, WSB, and 14SIN,. B;I it I IViy i t hum. n [ ilt I l - tIs * t I c, , whIt I- ma 1 o r c hait g es it)

these spec if i;ttt ois itt,,IIve st't tt lg titir iiums for l)r oces lug tt o i i ii, I i ttit -,rc il... Considering tie

protein ani it it , I titittlltlTti 1Iii I id r, ilild siIt' i ItIg hrigher prote'in t(t-d I11 |il i ts, ti' CoTIlitt e on
tile 'omplIositionI of thIe vitainin .indl mint-ral milx that Nutriti~ll o thi, Arl'ric,in ,.\t'dcmtv Of Pediatrics (1976)

Sho01l1d tbe +d e . Silel t, Ht 'ht lt~ollled htld tlit ;irL, reV-)11L'e ld ; (1,11! .111 iilt.tH1 tlll'ltltill 1 1 h tId sOIpply 1.8
being made or will tle it ati litr10 ( o11' r'i e r iLttiX t ris t f iR'tt t iil Atih i -itt'(tll Lo tif lt of casein

cookers art int etithdtt ti III' o;td itt a s lui ilir malner p'r 1(00 k'al. With Ii i qt ,lj ti 75" of tirat of

as these Ti le I f I toOtiS, it wo ll totut i)Iltr0Ipl'r itV t t) caselr, Lhe rt, 'ottlillit'tllt fot it; Lo did ist tile protein

ise t hose srie spi citltis ill tit, a'isence of level upward Lt 2.4. giaiis it'r i00 keal. In the lat-

.,trong reastns tO chliig,. it Is therefore not our ter case, withir a lliit;td PiER of 1.9 (casein 
= 2.5),

intention to establish frew slc if icattis for blended protein sIhould stiltiIIy 10 i)i t'olories. This specifi-

foods, but rather Lo review tilie riotritional issues cation Would appear toi furnishi a reasonable margin

Involved in tile light of current knowledge. for safety.
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Figure 4. Determlnation of rat weiht a i',al for PER. Figure 5. Crude fat and fiber determlnat lon

apparat us.

The protein-energy ratio tileded ill .i blended tood Ill acceptable product . Considerable evidence has

used in suppleme-1ntary feeding programs wil1 depend Oiln accrued in recent years of the nut rit ional advantages

the nature of the usual diet . As discussed ill more of higher levels of dietary fiber (Trnwel I , 1970)

detail elsewhere (Jarinsen, 11)74), ill most L.)C's cereals

are the dietary staplies. Il tIes'e Cast;'s the, protein Vitamin and Mineral Levels

def Ic it is more related to prot Iin qp, I it v t han quan-

titv. In the fewer Cisi's, 'hlurt' t',etV rn JsleS a 'iTile II foods are required to be fortif ieli with

significant port iton ! iet ry tonler y, a qualititat ive a complete vitamin and tillneral suppleiient , as shown Il

defic it in proteiln also is I kel ') to I~ pl)t'elit. Taible V. It would be higlly desirable it, ise those

supplements ilI LC-)roduced Itods, rathitr than

The followin , sus injc;tiois art' nad ill regard to attempt Ing to tailor-make a food to fit the IlntllV Idhal

the protein CtmIOint'lt 0i 1 i 'llded fbtotds: i t ile iirod- si tuat itnti. Tiere are several ;ispitct s iti vi tamiiihi and

tiCt IS to li' ised ill A CoM11tl1li tV where tassava or -nineral fort fe iat ion that need part itu LIa at ilt it ion

planta Ill is coiisIled t0 ;a S ign i c lnt t'xt 't , the In tite LEC program. F I r't , ti ava I lab I I ty V l u-

current spec It icat ions ire lost appropr jiLte. However, era Is, espec ial I lIroil aild . int anit ptrhaps copper,

In those eases where eli irti1 irln are to'somlu g il- imar I v needs to be studi d ill hualnit iifan s t o make cart a liu

cereals wi tii small imo tits tf legtumes, it Is suggested that processtig or hiightr flbt'r levels (i not reidiu'e

that the protein ltevel cotuld safely be reducid to 12'; availability unduly. I it may e dti;rabtle t lincreuse

of calories if the P'ER were at least equal to 80 of the amount of nmine ra i l added . If the vit alt miX was

casein, and digestibility were adequate as determined blended In af tt'r ext rusion, thiere would bet no diffl-

In human iifaunts cul ty In insur inl, tLhat t lit' de ired levt' l of vitamins

was present In tit'( final product. From a tiist and

product safety standpoint, it would be desirable If

Fiber the product being 'xtritled could be packaged for uilti-

mate use, rat her than handling It a seconl time iinder

Maximum fiber levels currtntly allowed In Title possibly unsanitary conditions. It will be necessary

II foods are ill the range of 1.i to 2.5%. These to study the effect of extrusion on vltamih retention

levels refer to chemically defined fiber, as deter- and then possibly to adjust the fortification level

mined by acid and base hydrolysis (Fig,. 5). Such a accordingly.

determination usually greatly underestimates tle

amount of biological fiber which reflects primarily

the carbohydrate portion of a food that is not dii- NUTRITIONAL EVALUATION OF PRODUCT

gested. There are several potent fil d isatdvant ages to

raising the allowable fiber level ill a bl indt'd food. Considerable work over the last 30 years has been

First, as the fiber level gioes up, iith the bulk ifeo- devoted to the evaluation of plant protein mixtures In

sity and the calorie density of tie food go down. numan feeding (lean, 1953; Waterlow and Stephen, 1957).

This could make it difficuI Lt for yoiig chii ren to In 1969, the protein Advisory Group (PAG) of tie

consume the desirable level of protein anti calories. United Nations (1975) published guidelines for the

Second, a high fiber level may reduce mineial avalla- human testing of supplementary food mixt tres. 'llese

billty to uinacceltbaily low levels; anid finally, high guidelines are pertinent to the lEC proram. Nutrl-

fiber diets may produce an unacceptably high stool tional evaluat ion cali be dividd into a pre-clinical

volume. However, If whole cereal grains and/or aud a clinical phase. l'rior tii humal test lng, tile

legumes could be ised, a considerable economic advan- product should Il' tested silfficiltly to es!talilsll Its

tage might result from the reduced ingredlent and proximate composition, ingrdieit f ormulatino, tie

processing costs. It would appear desirable to carry nutritive value of its proteil bly rat growth study,

out the necessary studies to determine whether the freedom from toxic constitueits of any type (Fig. 6).

resulting higher fiber products can be used success- The clinical phase should include: (1) acceptability

fully in child-feeding programs. It may be that and tolerance tests, (2) growth tests, (3) nitrogen

adjustment of the protein and fat levels and the balance measurements, and (4) other criteria such as

vitamin-mineral fortification levels would result in maintenance of plasma albumin.
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Table V. Vitamin and Mineral Fortification Levels They divided food mixtures into the following three

for CSM categories:

Proteins and processed protein concentrates pre-

Mineral Premix: Armounts/2,O00 ibs vlously not considered In the MIO/F,\O/UNICEF pregrams,

or products previously considered but manufactured by

Tri-calclum phosphate 40.00 Ib new processes or by major changes In established proc-

Zinc sulfate hydrated 0.08 lb egses--especlally if these changes in processing raise

Ferrous lumarate 0.92 1lb any suspicions it; t nutritionai or toxicological

I od I zed salt (0.007Z 12) 13.00 lb properties _4 tie product--must pass testing proce-

dures of the type recommended (Wter low ald Stephen,Total 54.00 1l 95)1957).

Vitamin AntLoxidant Premix: Amounts/ 2,000 1bjs MixtUrer of wel l-known taples and protein

V.tamin.Antioxidant.Pr.mix: sources wh I chI have a I readv received Iivorable cons I-

Thiam in monoitrate 2.5 g deration should be accepted without insistence on
Th lahionn t 3.5 g clinical test ir, beyond ace-ptah I ity and tolerance
Riboflavin 3.5 g; trials, If there is no further processing which could

Prin 4r.5 g cast a doubt on their safety. It would he advisable,

Nia orin 45.0 g however, to asceortiain by in imal experimentit ion the
( I ic I n 25.1 g nutrItion;il value of the final produLct (PIER or NPU).
Folac1 iu 1.8 g

Vi talrii 1112 36.0 mgVilamllll A pall toIte 15 × 10)6 Il.11. In case, ill s v~rer i iou'tlVen t i TI] pl'titc'ss I ri
Vitamin A0 1.8 x l0' IU. of lIIIxturI-s--0veII 011 wcll-known staplts and Irotell!
AlV i t rta e6,1)1. x 10 .U. source.s--t iel prodilit s shouili be 1 1I )it Ltd for tests Ili
Alph,.i-toc phertol ;wit . 68, Of{O I.U. Iial ollly oftor the' have- sitit i, d th ilkdssary lii-
lttylatud ydrxv onisole 20.0 gOratir, jna1Vs nd inimal test i op lit potecii no I-

lhitylatt-d hydricxV tolitine 20.0 g it'. 01 tiicil tte t 1n15, illi l it iindtr. iii

Ascrli Ic acid 
364.) g

Soy Hiour or stilrci _j.. 2 lb ti.Is case, may , ! li litlul in ;i csert ill iti the vilue of

sOITIe Of t fite I Im I x t iires iii 0 hii (ire -ii 's S pl emen)I -

Tlt a 2.0) lb t arV Ieldi n .

-ih , -- -- -st I1t iOL; 11t' I Itl.ti iint t I tie Ill ire-

g1'.1111 . ~S I rt I Iii v I lv I it I- cI linii CA I .ptr I ii'c hals
i.tc ii ofi)ltI I ed w",it h p!..i t , il 1. I , , iri t .I %, Iv l ow-

, ~ ~ ~ x "It I' ' I. il t II II . it[ - d le: ., 1ililc t I t ru it itI

1ut s il, t i i' 'id i . .. iiliCIi e 'vi it sioll. t,

.I I I I f', ,o i t 1i,' i 4 ' i t w i I''t i , II I(t-; i v' was .
lrv , ili lI I' It Oill ' hc' i,' l l nt I .i li. I ti rgtIi i r"i, I t
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Table VI. Fortification Levels ir. Thriposha Compared to FAO Nutrient Requirements for 4 to 6 yean-old
Children (1974)

Thriposha FAO Standard Th'iposhaI FAO Standard
Nutrient (nutrients/ib) (nutrients/day) (nutrients/lO00 Kcal) (nutrients/1000 Kcal)

Thiamin (mg) 1.3 0.7 0.8 0.4

Riboflavin (mg) 1.5 1.1 0.9 0.6

Ascorbic acid (mg) 145.0 20.0 85.0 11.0

Pyridoxine HCI (mg) 0.6 0.92 0.4 0.52

Niacin (mg) 21.5 12.1 12.7 6.6

Calcium pantothenate (mg) 10.0 -- 5.9 --

Folic acid (iig) 720 100 424 55

Vitamin B1 2 () 14.4 1.5 8.5 0.8

Vitamin A (I.U.) 6000 1000 3530 550

Vitamin D (I.U.) 720 400 424 218

Vitamin E (I.U.) 27.2 92 16 52

Calcium (mg) 2200 450 1294 246

Zinc (mg) 6.6 10.0 3.9 5.5

Iron (mg) 55.4 7.5 32.6 4.1

Kcalories 1700 1830 1000 1000

IIncludes following nutrients per pound from the sorghum: thiamin 0.3 mg, riboflavin 0.1 mg, niacin 3.5 mg.

2 RDA established by NAS/NRC, 1974.

Table VII. Mineral Analysis of Thriposha Compared to Based on the theoretical chemical scores for wheat-soy
FAO Requirements for 4 to 6 year-old mixtures shown in Table III, one would not expect that

Children (1974) the addition of 20 parts sorghum to 8C0 parts 14SB would
reduce the PER much, since WSB shot, hi be limiting in
methlonine, not lysine.

Concentration FAO Standard
Mineral ppm mg/l00 Kcal mg/1000 Kcal The PER of 2.23 for Thrlposha suggests that It

shouid be adequate in quality for feeding young clil-

dren. Preliminary results fiom Dr. George Graham's
Magnesium 1990 532 1102 laboratory indicate that the Thriposha is comparable
Zinc 37.4 10.0 5.5 2 to WSB In nitrogen retention when fed to previously

malnourished children.

Iron 90.8 24.3 4.1

Copper 7.0 1.9 0.93

Cadmium < 0.3 TabV11. iii. L rtor Result. on Thripo.h od its Com ont@

Chromium < 0.3 --
Prox.tet Analyst. Thr'ipoelh. Wheat/sloy Alnd Sorghum

Mercury < 0.3 --
Protein (2)

1  
19.0 21.0 10.2

oisture (1) 3.0 8.1 6.2

iDetermined on a Perkin Elmer Model 303 Atomic A7h (I) 3.9 6.6 1.0

Absorption Spectrophotometer r,, () 6.2 6.0 2.5
rib., (2) 1.,7 1.8 0.11

2 Carbohydrate. (I) 61.2 58. 77.3

RDA established by NAS/NRC, 1974 CIor-1.01 317 372 372

3Daily allowance estimated by FAO at 80 mg/kg
Itat Growth lt ui+Uton Thrlpoih. Whewt/soy lld $Orshml AX CI.l. l.

Wei ht &.I. (S) 90., 2 3.43 101.5 , 6.1 21.3 t 1.0 92.0 8 2.7

rood on-onpti.o (i) 396 1 9 402 t 12 231 t 5 331 8 7

PER 2.61 1 0.04 2.66 1 0.06 0.97 t 0.03 2.92 t 2.5

The proximate analysis arid rat growth evaluations rrt PEU
2  

2.23 2.27 0.0 2.50

of Thriposha, WSB and sorghum are shown in Table VIII.

The protein content of 19.0% for the Thriposha is the 1 .6.25

theoretical amount based on its formulation. The 2Co, d .I.. o " assigned v.i. r AU ca... equal to 2.50. S
0
W2. e.alated

corrected PER for Thriposha of 2.23 (casein = 2.50) at 9.51 Proti. In di..

was not significantly less than the 2.27 for WSB. p- si
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Corn-Soy Blend (CSB) PER's to an assigned utandard value for ANRC reference
casein has the advantage of yielding numerical values

A series of corn-soy blends was made using the that can more easily be compared from lab to lab.

Brady Crop Cooker. Dehulled soy or whole soybeans PRE's take utilization of protein for maintenance as

were used in combination with whole or degerminated well as for growth into account, and also have the

corn. The Ingredients were mixed either before or advantage of being on a scale essentially the same as

after extrusion. When the corn aol soy were mixed net protein utilization (NPU), i.e., the percentage of

before extrusion, the extrusion temperature was 310*F dietary protein utilized for growth and maintenance.

or 340*F. When the ;oy and corn were blended follow- All four of these measures of protein quality are

Ing extrusion, the soy was extrudedI at 280'F and tile listed in Table IX for all experimental groups. How-

corn at either 3100F or 140F. ever, only the corrected PER's and the PRE values will
be discussed in the text.

'lhe various blends, a standard sample of CSB,
and ANRC casein were evaluated in a standard rat When the ingredients used were dehulled soy and

growth assay, with weight gain, protein efficiency whole corn, protein quality was not significantly

ratio (PER) and Protein retention fHIcI ency (PRE) different when the corn and soy were mixed prior to

measured after a growth period of 14 days. The stan- extrusion from results obtained by extruding the corn

dard AOAC method was used, exceplt for the duration of and soy separately and dry hlending them. In con-

feeding, and all PER's were corrected relative to an trast, when dlegerminated corn and dehulled soy were

assigned value of 2.5 for ANRC; casein. the ingredients, the PRE's were significantly less
when extruded together than when extruded separately.

On discussing the results, several points should When whole soy and degormninated corn were the ingre-

be held In mind. Welght gain can vary with palata- dienlts, extruding the soy and corn together also

bl1ity and small differences In protein level in the yielded lower P E's but in this case the difference

final diets. PER has, the dlisadvanta'e that the numer- did not reach statistical significance. In no cane

fcal values obtained have no physiological relevance, did cooking the corn or corn-soy at 3100 give a sig-

and also, uncorrected PER's can vary substantially nficantly different PER than cooking the same mater-

with rat strain and environmental factors. Correcting ial at 340'F. The lowered PER when degerminated corn

'Table IX. Effect of Brady Crop Cooker Processing Variables on Protein Quality

1 2 ~ Corrected 
3

4

Conditions Temperature Weight gain (g) PER PER PRE

Dehulled soy/Whole corn

Cooked together 310 0F 65.7 ± 1.75 3.62 t 0.07 2.50 ± 0.05 68.6 ± 1.1

Cooked together 340*F 71.5 ± 2.2 3.65 ± 0.06 2.52 ± 0.04 68.3 ± 1.1

Cooked separately 280/310OF 66.7 ! 2.6 3.81 _ 0.10 2.63 ± 0.07 71.5 ± 1.8

Cooked separately 280/340*F 60.4 t 3.0 3.73 t 0.07 2.57 ± 0.05 71.8 ± 1.3

Dehulled soy/Degerminated corn

Cooked together 310OF 55.1 ± 3.3 3.25 ± 0.13 2.24 ± 0.09 63.5 ± 2.1

Cooked together 340*F 62.8 ± 1.7 3.24 ± 0.05 2.24 ± 0.03 61.8 ± 0.8

Cooked separately 280/340'F 53.7 - 3.6 3.73 ± 0.13 2.57 ± 0.09 73.3 ± 1.8

Whole soy/J)egerminated corn

Cooked together 310'F 60.2 ± 2.4 3.46 - 0.05 2.39 ± 0.03 66.6 ± 1.0

Cooked together 340*F 64.2 ! 3.6 3.33 0.12 2.30 ± 0.08 63.4 ± 1.9

Cooked separately 280/340'F 55.4 ± 2.3 3.61 ± 0.09 2.49 ± 0.06 70.4 ± 1.3

CSB-Krause Milling 57.6 t 2.9 3.65 0.08 2.52 ± 0.06 70.9 ± 1.3

ANRC casein 48.6 t 2,6 3.61 ± 0.12 2.50 ± 0.08 72.3 ± 1.9

1When cooked separately, first temperature listed is for soy

2PER = weight gain (g)/protein consumed (g)

3Corrected PER = PER x 2.5/PER for casein

4 PRE - 16 weight gain (g) + weight loss - protein free (g)/protein consumed (g)

5Mean ± standard error (n 1 10)
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Discussion - Wednesday Afternoon

Mode ra t to r:

Stephen Bogyn
Consul tant

Tarrytown, New York

Dr. Bogyo: lr. Ifressani:

Are there any questions on the afternoon papers? What is tilt recovery ol the urea?

Mr. Fox: Dr. Hlinson:

I want to add something to lr. Hansen's remarks. ilnet v-nlnt, percent . We have no itilionii smellIn evaluating the extruders we have continually what soever around tlilt' mi'lnt when It is tinn lullg.
referred to the Insta-Pro Model 500 extruder, and I
want to point out that the Insta-Pro extruder is Tl,, se....nd ftest foll was related to the Ial-acLually made ill three sL;.2s. The other two are the proteIifn tonven t i. litt t, I'voi n; t ( v of WI !co;lt lIit h:1sodel 2000 and tie new Model 25)0, which is twice ;1 perfet l ,m uni to et lr t the' I ip ld ll, i t;l'Il,big as the Model 500. pla ts. Thlen ti, prodlii t i till t l ml, i t',,l):l, I It of

where I it t'l l; inl lted . Ih i'uicl. It lit, pro-
t ill whlith is; ]k lltmlled oft I ;,t i I tinP I i alfDr. Bressani: aI iso be lit r o ne . IIhletl thiv liy. I h t111, -lit ratr
wi th crlj0 oilt ] ext ile ft t ll i t I nI I i or, palit-I would like to ask Dr. ilansen t wo quest los. able to .11111 tL i v d1N it . ]h1ev II I 1 [i ll I .1 11111 -One has to do with the additon Ioif turea ;is a lubri- tt:irv t,xptr ile it with I ;ice thli i ow t; I hi It t- prolict

cant. What I would I like to know Is how mutchi did you is hi,.l v accept ;l I,,. liev ioll!; lv ii . id lide -add, and what happens to t lie urea when it goes able dIll f l Ic t v get t in. t lieln t vII I t .
through? Also, would von please expand a hit ol tile
production of leaf-proteil, conv'enttate. Dir. Bressin I

It Is two olperat itns. onle Is extrat iIng tie pro-Dr. HIanson: tein, ald tlie other is mixing It with tie grain and

ext ruding ItTihe f irstL (I ifes LtIonf wai -,'abot t. Iftit l~olt, if t o tIlfreCa
that we used in the product . We have a mixtllre itf
207 urea, 57; sodt111 ientolitte od 75", starch source lDr. !Hanson:
from either corn, ll) I, sothgloiu or wheat. Tlt.h process
is one of heat; ing tht 1tllitic first with all oil seed Yes. The only purpose of the extruder in thisand then introdullcing til t mixture, tviiking SlIt, the case is to put tie product in a form that the animals
prodtu t does lilt sepalc It . 1-len tile t1,l ill is hot, will accept.
tie urea wil I .,I e t I lll s;Lr\' aS the I 'richiallt , tile
Idea bei hl1 that tlhe I lul ilt wil forI ,i matrix and

wi I I in effect I ow down tile re I vse of ,imllnon ia from Mr. Zel ler
the product when in'ested 1y rumilants. Tli It is a
process that priidUCs what we c;lll the "oldetn Pro" You understand that , In the cast of "',olden Pro,"product. what we are doing is using moisture-starved corn. The

urea melts at the same temperature that the corn will
either parch or gelatinize. At that point the liquidMr. Zeller: urea then furnishes tie liquid agent all( gelatinizes
thle starch celil. t hereby encapsiula tl Itiit.

In making "Golden Pro." the product comes out a

small hole in the form of a big rubbery rope. A
slinger-type cutter clips it off at a rate of 7,000 Mr. Sterner:
cuts a minute and throws It Into a conditioning drum.
This particle sizing is (lone so that we can get it I have a question for lr. Jansen with regard tointo a condition we call handle. That would be diffi- Table II in his paper. lo you have data on the rela-cult on the Brady, owing to the lack of cutting equip- tionship between nutritional intake during pregnancy
ment. and lactation and growth of progeny?
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Dr. Jansen: a-tocopherols, vitamin E, etc.--to produce a situation

wherein the rancidity is substantially less than in

What we wanted to do was to see what happens to products where the extruded material is 100O cereal.

the offspring of mothers who ate less food but of There is a potential rancidity problem, but we believe

better protein quality. To do that, the 16 groups of this can be solved by tile addition of appropriate
rats iii the experiment were fed different levels of anti-oxidants and we are working right now to identify

bread, bread and lysine, bread, lysine and threonlne those.
or casein. I have a paper in the process of publica-
tion with all of tii data, but the results showed that
the devAelopmeti of offs;pring of mothers who were fed Dr. Bogyo:
protein-linprovud bro;ad was otter, eve though they
constimed only 877; ; muih protein and energy. 'Tile Would it not also be true from what Dr.iansen
effect ; on progeny are directly priporthorate to total reported that one of the shortcomings of this whole
food nutput ol [ie mother . I;; other words, offspring family of foods for young children is its relatively
of mothers that did not lactate well didn't grow well. low caloric density?
There In no evidence that protein quality or nutrient
levels of tire milk are different under either of these
condit ions. Dr. Jansen:

Yes. Caloric densities can be improved through
Dr. Graham: the addition of a fat or oil and at the same time

ease the extrusion process.
The calorie reconunendat ions made by tile FAO/WHO

Expert Committee are for healthy well nourished child-
ren growing along tie 50tr percentile. A lot of pee- Dr. Bogyo:
ple don't realize that and try to apply them to child-
ren of the same ages i developing countries, who are I was also surprised that the final moisture came
inevitably much smaller, out to be only 4-5%. If it really comes down to eco-

nomics, and fat is not available, I think that a few
The most rel iable data base for tire protein rec- percent of additional water would do what the fat

ommendat ous is tire Intake of breast milk for tire does. Is that a correct guess?
first five month!; of life, and fo, o I der age groups,
tire data of Young et al. These dahta hive since been
questloned y Young, y tie way. As a matter of Dr. Harper:
fact, lire ha shfown that tho:se estimnated requirements
do not maintain body compo;ition for a long period of One to five percent water can be added directly
time. hegardl es of thrat, let us accept tha basic to the extruder to aid extrusion and increase tile
protein reconrmnendations; for the purpose of discussion, moisture content of tile finished products. You have
The correctihir tht are suiggeste for vegetable pro- to remember that we are ii Colorado where our average
tein are lacking. They Til.;;takenly assume that tire relative liumidity is 10%. This means that tie grains
only correction that has to be radt, i,; for amino acid we are extruding are low-moisture grains. If you talk
composition. Most Majoir vegetable proteins in tile about tire tropics, where often tie moisture level of
world are only 60-70)% ais digestible as high quality the grains being extruded is right at tile maximum
animal protein. Another mistaken assumption is that level allowable for storage or maybe even slightly
you can eat enough more rice, corn, potatoes or sweet above (which Is 15% or somewhat higher), the resulting
potatoes to satisfy your protein requirements, and moisture in the finished products is going to be some-
that tire only reason people don't is because they what higher.
can't afford to.

Dr. Bogyo:
Dr. Bogyo:

It would be an interesting study to examine the
The question was asked whether or not low-cost energy requirements of extruding wet and redrying.

extruders really have relevance and industrial impor- What would be the economics of drying extruded
tance. I believe this type of machinery is one of products?
many that can be applied to process relatively palat-
able and acceptable food staples. It seems to have
considerable versatility and flexibility. We know it Dr. Harper:
can be applied to incorporate protein into other
staple commodities. We also know it can produce a Dryers are very expensive to purchase and operate,
flour, gruel, snack, etc., so in terms of alternative particularly in countries where fossil fuels are at a
equipment--say, a macaroni press--it is one of several premium. Although these LEC's use electricity or
that has applications, diesel tile fact that no additional product drying is

required, we believe offers some economic advantage.

Dr. Harper:
Mr. Samaan:

There was one other comment relative to fat
addition to products and its effects on rancidity. Our main objective for these extruders is to use
Fat is not absolutely required in either one of these them at low cost in less developed countries. From
machines to extrude products. They are easier to the description of tile two machine being tested, many
operate if they do have some fat in tile system. of the parts seem to be wearing rapidly. Knowing that
Typically, our data show that the addition of soybeans in these countries foreign exchange is always in short
at about tire 30% level in any of these products pro- supply, I wonder whether these parts could be manufac-
vides enough of its natural antioxidant systems-- tured locally. las there been enough research done
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on the main parts of these machines, specifically down on a lathe. I have mentioned that the fiirst
their longevity? machine we put in Uganda ran over 2,000 tOns over a

2 to 3-year period and never had a part replaced.
Wear is relative to the product you are running, and

Dr. Bogyo: you will find that this low-cost extruder, hy using
friction and pressure as the source of heat, reduces

I have worked with many machines at General Foods, wear cost to less than the cost of other sources of
and as far as extruders are concerned, they are main- energy needed to heat and dry.
tenance-free and parts are relatively easy to replace.

Mr. Fox: Mr. Zeller:

There has been quite a bit of research done. As We are talking as if this were something corn-
a matter of fact, in our machine--and I am only speak- pletely new. We have been working in this field for
ing for our machine at this pohit--we have designed it quite a few years, and thousands of tons have been
so that wearing parts can be replaced relatively low processed. We have had a tremendous amount of Iced-
cost. As Dr. lansen saul , there are four steam locks. back and Information on energy and repl Iacement parts.
There is a hardened ring aga inst which the products Our franchised mannfacturers all hatv maichiles, and
run--between the steam locak and ring--which wears, we operate a plant at WestsIde, Iowa with 2,01)0
When you get a worn spot and you start to lose heat extruders in It. We protcess tlitoisalm;ds ainil thoiiaialds
because of the wear, you can move tI ring and start of tolls, so we have theste figures. Trhe, gemlralI f igiire
wearing a new spot on the same ring. We ire talking on energy cost Is aibout $1.50 per ton. Replact ment
about a piece that costs only $10 that can be worn In parts and mailntenatnce are also Iii ilt' i'taoi of between
four spots on each side--a total of eight spots before $1.50 and $1.75 per ton. The third factor is that
it has to be replaced. It caln be rebuilt if you have you have to shrink most prodlcts. llere We art- talking
a machine shop, or if there is a local hardware or about moisture, and In the case of soybeals, we si Ink
blacksmith. That very piece could be welded and them almost 8%. These are the three basic figures you
brought back to original specifications and turned have to add to labor and other localized costs.
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Discussion of LEC Demonstrations at Agricultural Engineering Research Center

Moderator:

Alvin I. Nelson
Department of Food Science

University of Illinois

Urbana, Illinois

Dr. Harper: in the near future we hope to get a better grasp

on some of the costs of alternate process systems so

I would like to comment on some questions tLat that interested parties can have more guidance.

were asked during the demonstration of the two low-

cost extrusion cookers before we open the discussion

to Individual questions or comments.
Mr. Fox:

One question concerned the cost of the LEC's and

what was meant by low cost. Yesterday, Mr. Stone We are in tle process of doing this very filing

reviewed the costs of these extrusion systems and that you ire talking about . We have ;I, ilnividual

showed the total capital requirements, depending ott comparing an Anderson IllEC and a Weniger ext ruder with

the exact system, ranging, from approximately $70, 000 capacities from 6 to 10 to is ptr hour. Within a

up to $200,000. Since this may appear high, let me month we will have the entire cos;t of the svstem

comment. First, the cost figores that Mr. Stone inc I udit g the blii I(Ii l ,, tie I o i Ier , the .(III I pmen --

showed were coiipletf cost figures or the costs of everything necslr-V to htuld tlie Iii l .il lI tinpari-

starting a plant from scratch and doing everything son With these I ir's, lie Otlernat e Of usitig Triple

that is reqiIir-ed to Iit that plalt ii production. In "F" equipiiient will Ibe g ivenl. If t bere Is anyone

most cases, many of those inputs are already going to interestel, pleas;e ive tilt yiiir name, address and a

exist at a specific siIte. For instance, in the inistal- note saying that y'oit would like a copy, and I will be

lation in Sri lianka, there was a building, and the glad to seid you Olin.

dehulllng and cleanling equiplent in the existilg plant

were incorporated in io the final design. The total

dollar input of equipmi'nt, shipment and installation

for Sri Lanka was less than $40,00t. 'Ilie reason the Dr. Harper:

total cost figures were presented was to allow someone

looking at a new situation to consider all I possible Another question was how people or groups could

costs and obtain the total perspective. For each get started In LE processitig and evaluation. Yes-

specific site, inputs which are existing can be terday, comments were imade bv lr. ltchiiann concerning

removed from the total list to obtalin the lctual coSts. pilot or test instal lilt ons that exist ii guatemala,

Kenya, Indonesia, and hl hlii i I ipplnt's. At these

Another comment reIlt iye to cootS wits "flow do sites, all extruder ani powir siiilri'i--u very I lim, ited

these costs compare agaliinst alternate system!;?" We system--alre prvded so pt-ople (i dlo smltii experi-

have not obtained specific costs for ;,ll 1lterl1,te mentaton to determine with thei ir own local Iitg'edl-

extrusion systems so that I direct answer c:not be ents how this part ictilar t-qui 'tnat ,nav fit Into plans

given. Most other extrusion systems which could be to produce low-cost ntLrit itol !iuiids. tlice a product

used as. alternates to lI"s make wet products. A is developed and soiule iXpsler itl' is gained, the

boiler and a dryer are required which increases the required capital investiIetit, titi' ltoat bito, opera-

total system's capital and operating costs signifi- tional plans, clearlaices, etc., will be mittch easier

cantly. For such a total plant tie costs on a compar- to projoct and obtain. People iltert steod in this

able basis to those presented for the LEC's could program should contact their ISAID iission in their

range between $300,000 and $1,000,000 for a system home country.

producing 1,00( pounds per hour. Our definition of a

low-cost extrusion system would he one which costs

between $70,000 and S1OO,00 for a capacity of 2,000

pounds per hour. lr. Mukhopadhyav:

Other participants have asked about roller dryers Can you comment on the extent of gelatinization

or spray dryers to make nutritious beverage bases. and exact measurement of gelatinization, because if

When looking at a typical roller dryer that has a the product is very puffed, it won't go Into solution

capacity of 1/2 ton per hour, the capital costs of and make a gel which can be tested for viscosity. In

equipment alone are about $70,000 to which must be other words, how do we really know when a product has

added the costs of boilers, etc., which means these been properly cooked and that uncooked material is

systems aren't low-cost systems by our definition, not present?
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fir. Harper: Dr. Harper:

One of the blest ways to tell whether a product is The important objectives of the studies are tocooked properly or not Is simply to taste It. That Is determine exactly how extrusion operations, ingredi-not a very quantitatiLe t-st, but typically if a prod- entr, processing conditiona, etc., affect the physicaluct Is piv(aslng to tlt, tasle al tlitre are no raw properties of human foods made on these maclines. Forflavor notes, It -; wi,l coo ed. Certaianly with an Instance, if you want a very thick gruel, how wouldIncreaSed temletur;'. Il Iu il ruder you can bring out you go about making one land assure that tile productmore (if ;I tii. eid r o' ' . . 'Cd' IiI,; rclited lo starch is digtestilJe, the enzymes deactIvalted, and how thesege l l zi t I ii t iiIlI I ir pl n!;Il I Ir orLI,,!; ofs t Ili produce change . (llr experience o ver a widc set ofproduct . VI no /t', (,, i't -/ diil'ii .l not lc, I iatetil y processilg caldit blts would illdiClte thit LEC's aredv'irr Itl)' whl- he i .ipids ti i tuid rl-l d oi over- versa tile ili tl;t ;ense- and that you call rise a wide,,ok,.d, h .,o:,,, vi,,, .,i v I .i ;,,; ;; tie e mp(erat tire range of illr'dientS and cange thel physical prop-IIH vl i; til,i . 1 1. - I I l ';irpld ; hii h ; i l te imperaitures. ertfus throu,,h processing c dit lons. iqe don't knowIt udliuil h uis, l I , i .i'. ilo' oI !,e.Vrlil tests that all of the answers, iut we certainly know and can sug-,h'scr Ili, ' I 'i , pt lI - I du i, gest many things directlonally to change the prop-
erties of rhe products.V icic I;I v Iil i ,' ni, i i wi fith ;I varl ty (if

wlys . No ll. I I V I 1 , 1 d 1, I i l d altid mald I lite a
gruel iIli I vth,,- Ihv I l n ui ,ru,l is met'asuredl. Dr. Trier:
Som' V!i;I-lt i ' in i i': I c ll ;IStomet ,cc, where
the Sprealol ,,I hi,O ti , lu.roel I!; measured a Con- It seems that we have not heard anything aboutsistoitt Ii wlhe' the r 'l i I Iw( g lawn ai chaliiel Is the uniformity of the products, their stability andeaSuIreld; .oid ,i r ilo l 'Ih Vll;in tcsh tur which will the quality of the product from batch to batch. It isTieilur au' li l 'I.; It'.' \J li'; c! itv Is oly ;i I indlI- important and desirable to go to more quantitativeClt Ii 01 I ll e d I, -i t )'IIl;i lInlizu iOn of1 the starch. analysis. Can you discuss these points?
here toi o' l.-i ;ti lniI a ih a; II In', limli ng

liI( l os o ld , ]oI ii l. I i li qul o st that cill ilsio
heli crr..il .d wlil I .Ilt Iil; zitlii . 'hro ar , pub- Dr. larper:
ll dI id r' l i ,ri cc!; I l ,i, literii oil dealing with I tli thilringlnugts ui sl;aicl grauuules which is it measure of Uniformity of the product, meaning the micro-d;ullagV aiuI g'el,'it Iilzl ato. Tle reason viscosity is scopic unilormity of the materials, varies with theoiti n uusid Is liecaust' it Is fast. feed of the extruder. If whole grains are fed, the

uniform]ty of the material being extruded Is fairly
low. Discrete pieces of corn or soybean canl be seen
in the finished product which leads to some interest-Ir. Loirenz: Ing textural and i perceptH;iI ch;iracter stics that may
have Sait' VaIlIl Ini sac;ck itlis, hut if You are tryingWe do not real I y have a precise definition for to make a gruel, this lack of unittiformity would le awheun Soimethling Is properly cooked. If it Is the detriment. By pre'rindlig the feed material indegree Of gelat Inli at ionl, It is somuething Which is advance of extrusion, tihe uni iformity of the resultingIever comIpel tel y aIV cI Iled i ec;iuIs. of the I im t'Id extrudate is much lotier. The iiformiltv is betteramllotUt of wal r present . I'here ore, we probably (It) file finer tilt' lIIIrii, alth tough If the material getshave to got Ill cilas ol-uilnnts such as vi'i'osity to get too fine, sevrt'l* prIhI Tms ill feed lUgd the extruderanll Iid ll':it of I l lit' il igi'; ,  

if cooking. occur and pl uggilng problems caln result. We have
found, throiugh 'xperience, Ilut grindnll , to approxi-
mate ly 40 m'sii is a v'rv desirable pretreatment to
Increase uiformity.

D~r. Iliigyo:

Ili terms of operat Iiig tie lEC's, tie operatingII you want to mat'ke i very simple Lest and you do uniformitv has been fonld to be sat isfactory. Nonenot have ia laliorilory, I suggest you first make a pre- of these IEC's Is the type of machine that can be setIlii aliry cooklug test ;lid fll] jusL what 'uCLentrat ion ip and ilt monitored during operation. The plantgives yiti a grutI--vis.iUl Ize imaking cretl if wheat . shoul be designed with ian operator assigned to eachInc, Is Is ilue, ilx the gruel agaiin to break it up extruder. His oh would not reqiire minute-by-minutewith a tortaIr tilii pest Iiv. Now add the Salint' anillit to aidjistnLent s . Iuring start-up, adjustments are morec'ild watir .and hihrln, It sliowl y to a boil to see how frequent lintil the LEC is lined out at equilibriumIt coaliiut's I Ihic lin. The origlinal product is not conditions, si-e;, the heatllg of the machine iS bySll1V gilaihiIe 'etl 's o eiouiL[0i Wle was pireSLnt temperature in the barrel. Once this Is done, onlyI ite c ioknlug. Ill"' ex rMudtr will "cook" in terms of minor adjustments should have to be malde--principally
sain ILlii n .ll ez lle ill at iv:itioin, but it will not a Lrinm'ini action Lo made sure tie macline is not"couik" the food and clai sically gelatinize starch, drifting to a new operating condition.
The abovt' tteSt will give a pretty good Incicat-lon of
Iuiw w'll tie starch Is gelatinized iii ;iii extruded The uniformity from day-to-day will be mostproduct. generally affected iv changes in the raw ingredients

that are available. As Lhe corn or soybeans may
fluctuate from batch to batch, these variations mayl~r.Moshia: be seen as differences in the restulting product. Com-
pensating operating conditions can be made to assure
product uniformity such as the addition of water orIs the purpose of the research to find results oil, changing the cooking temperature, etc. Theseor to give practical guidelines on how to make fluctuations can be damped out throug. the changedImproved foods for babies? operation of the equipment. The natural variability
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of cereals, legumes and natural products is i problem Mr. Zeller:
that millers and food processors live with daily, and
the extruder can help minimize its effect on the final To make it even more diff icult for the opertots
product. they were using only one gener ii tonif lgtrat ton il it'

Triple "F" machine. It wasn't quit, proper Ill o.k-
ing soybeans or the cereal product:;--it hld to beMr. Fox: averaged for All products. 'lihls makes It veolv tiff I-
cult to go irom product to prodtlcI, :tnd tilt, i dil ,For years we have used a very simple test to very good lob.

determine whether the soybeans are adequately extru-
sion-cooked to remove the urease and the trypsin
inhibitor. Our laboratory tests have shown that an Dr. Lee:
operator running only soybeans can tell if they are
cooked by the appearance of the product Coming from Have you considered the posslbi i l tmaklng
the machine. To further check this; point, take a pint the production unit into a mobile unit'!
jar, put several inches of the proc esstd soybean seal
in the bottom followed by a tabI espoon of pure urea
on the top of th,; meal. Finally, add somme warm water
to make a gruel, then cal) it. A poorly cooked prod- Dr. Ilarper:
uct will give a very strong aM!iT1oniia smell within 15
minutes, and if it is well cooked, no ammonia odor That Is an idea that has been dlscussid. Ti'i
will result for several hours. Overcooking, In our mobile unit woul1 have Most of tile equilI lment on al
estimation, is where no amnonia odor will result after truck bed, and set-up for operation would lh verv sill-
several days of setting. pie and quick. It would have idvintages tor It est Ig

and demons tration--maybe even IIsasI e r reI fI.

Dr. Harper:

Mr. Fox:
In terms of uniformity of products and opera-

tions, the demonstration last night was under abso- Triple "F" has such a unit with a Perkins I ) lilp
lutely the hardest operating conditions, for the many diesel on a trailer to run a generator and ti he vxtrt-
formulations required quick changes on the LEC's. In der. The whole package is no bigger than a ijiartt.r tl
such a case, the operator needs to stay alert to avoid this room. It does rot have a grinder-mixer, but
plugging. portable grinding-mixing equipment tan be provited.
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Exploration of the Potential for Low-cost Extrusion Cookers in Latin America

Ric;rdo Bressiii
Divisfion of Agricultur~il .tin Food Sc cinces
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irPER IENCE ;A II.A) WI H THEI'l/.: BRADY EXTRUIDER Table II. Processing of Mixtures Containing

Cottonseed Kernels and Grains

Whole Soybioans

Sintcl-lo yean are hoInning; to ie produced in Corn (degerminated), 
"  

70 0

Cent ral Americ;a, liter-:;t has bwen !iriwei in proutrssing Sorghum, % 0 80

ithen for a variilet y (il iser. Retp ''otionta i- re!- u Is of

onv If our fstudJes In this aria jre !:,wn InI "ail) I. Cottonseed kernels, . 30 20
1 It ;? 1 ta .he e le l tl lI with ]1()/ i r, I _.t , I '1 1. i it i t eh --

lie ; ns , t hert I!; ir; id t I S;i!;ci lh i t ll 1)i i- n( t

hruyi tli. nria hlii inp Io ,i,; vi, . hr u, I Iii-0 il Parth ]v, size of mixture 20 mesh 20 mesh

ioi ri t! 11 . ve; Ir nn Jllihtil rn- inrot lv i hei Input feeding rate, cut/hr 2 2nlli I r I aI t o) clVi- I , whIch ) I do Ili t in ti-,r I,,-r .,wi Ih ;IIn alI

p,.rIo rrrin rno. 'il t hrl( o-xt ud d pi l t ai swav d Temperature, oF 310 310

throughIn i io , lical t,, a W11 ii v/,10 l latt, F, Sri ted i ll Water added, gal/hr 7.5 0

w igiht gains ;i ll,] , d n d ll ;r,t -in ,II in trhvy value.

iti llir to, thosue r ul) a ,'d with .irrlwert-o×, rin-
t

,'u! sy Output rate, kg/hr 297 300

beall ml I

Raw:

Tctal gossypol, ' 0.360 0.240

Table I. Processing of Soybeans by the Brady 
Extruder Extrudedi

Total gossypol, 7, 0.370 0.288

Aveatag. elgt Feed F 2ree gossvpoI Z 0.027 0.011
Treatment TUl/ml it (g)I efficiency2 PER

2

WeigrL gain, g 27 36

Raw 46.9 19 11.68 e PER 1.26 1.46

Extruded once 24.8 25 9.24 1.01

Extruded twice 9.6 29 8.01 1.19

Extruded I time. 1.6 44 5.51 1.63

Autuelaved 9.8 41 5 76 1.71 Another examrple is shown In Table 111. In this

Sybean meal 10.2 47 5.28 1.99 case , tiL' blei:ds o l icairid iour ingredients, one of

wilili was i'ottonriid kerirels at a level of 207. This

rael. -- 67 3.06 3.15 level would ipryide Aronirid 
5 -6' oil In the blend. The

- bio-10ogi ca h Il rg I -sI Its sIIw In 1inprovetneIt Ii 1 otein qua-
'Variety: Improved Pelikan. Proceeelng ,:ondittons: moieture content of iI ty I rorI I . 3H tin I ,h Ior thv t oriiUla rOil the first

bean. - 10.2?; feed rate - 2 rpm; temperature - 325"?; production per
Iour - 164 kg. co ln, d,' WL.1 A All ilnlprOV 1'llL tor thv ;econd mix-

2
At 14 days tire from I . )2 to, 2.22. Ilit'!;c te ult suggest again

irat extr i-u 0r l - s s. ge I lil ( l hotiglh ariaIVtiial

valti s il-e iriot siowil ), ;111l thI it ;IlSi ilIIjprOves tire

quaIllLy o t Ile iui i lir "h I s - L' iOWI S. It shoul d

ire hIdiateu, liWnrver, tatI co it eas ire legrirne grains
with relat ivi ly low levels ill trv'rsinr inhibitor, as

Those results are really not surprising, since it compared ti c IO Ireais o tiiylie.,inbo

has heer verv well ostablished that in Order to maxi- compared te t-imoll heilis or sovhv..

mze tlie nutr itional \value of soybeants, it is neces-
sary to cook them with I a moisture level higher than

normally found i grain. Table Ill . IProcessing by the Brady Extruder of
-lixtures Containing Cottonseed Kernels

Cot tonseed and Cereal Gra ins

one ot the most aundant oil seeds In Central Cottonseed ke-'nels, Z 20 20

America Is cottonseed. Its imain limiting factor is

the pi1gmenit gorssvpolI, which Is tox i by itsci f and Cottonseed flour, 20 6

which has a high affi in itv to react with protein Corn, Z 50 38

through binding 1t the t-aiino group of lysine, making
It bhrlogicallv unavailabile to the animal. Cassava flour, % 10 --

Cowpea (I. xi %: -hur)ig)), -- 36

Some repre ntt atiee results of tire effect of
extrusion cooking on miixtuires of cottonseed kernels

with either corn or sorghum are showtn it Table 1I. Input feeding rate, cut/hr 2 2

The Ingredient:; conpoition and tIre processing condt- , 'F

tLions are shown in the upper two sect ioas of tie table, Temperature 310 310

witlie the lower part shows sonie analytical and biolog- Water added, g/hr 0 0
ical values of the prroulUCt before and after extrusion.

Blends with cottotIserd can be extruded as well as Output rate, kg/hr 600 600
those containing soybeans however, the cottonseed . . . .. .. ..i.. .. .. . ... . . . .. . .

kernels must be free of litit and i1ulS. Total gassy-
pol remains pratlca ly tire sanme after extrusion in Raw, weight gain, g 38 48
comparison with the raw proiict; iowever, free gossy- PER 1.30 1.52

pol decreases to levels which are not physiologically
act ive. The protein quality Is not so high as was Extruded, weight gain, g 52 89

expected, suggestlng some binding of lysine. However, PER 1.66 2.22

this Is an area which requires additional research.
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Cottonseed and Legume Foods Table V. Processing of Mixtuies of Corn/Cowpea and

Cowpea/Cassava
It was indicated that cottonseed is one of the

most abundant sources of energy and protein in Latin
America. Therefore, it is important to study this Weight
source in more detail. One limitation is gossypol: Mixture Extrusion gain, g PER
however, from the point of view of protein quail itV,
its limiting factor is lys ine. Oil tile other hand,
there is much iterest to iuIlrease lt 11 izat ton Of Cowpea/corn, 28/72 no 30 1.1
legume foods in Was' ditI fferlilt th in those now in use. Cowpea/corn, 28/72 yes 61 1.9
Furthermore, thev are good sourLes of I vsin. Tl1)e
IV summarizes some eXplerijluCes o Il'oceSSilll mixtures

of cottonseed and legume toods with t he Brlydv extrnu- Cowpea/cassava, 19/81 no 25 1.0
der. 'Two have been teSted so fll: he commlllon bearl Cowpea/cassava, 19/81 yes 31 I .6
and the cowpea. Below 1.110 forts, has some Biolt, ical
prmation of inact itn thw antiht il IConditions: particle size =21 mesh; temperaturepirocess is capableof iIL' t%,lil (OF IpltjhysiOlogi- 290 'F. Output rate: 3910 kg/hr; nit water added;cal factors pi esin t inI 10egum111le foods. The raw samples, f9in rat 2 rpm.

in which common bems were present, Caused 19W, mor- feeding rate 
= 

2 rpm.

tality of the experimental animals. However tlie proc-
essed samples were capable of inducing relatively good
performance from the experimental animals.

From the samples showni, aS well as from others

not presented, it is conclued that the equipment is
capable of processing a large variety t materials.Table IV. Processing of Mixtures of Cottonseed Flour Our interest and .fforts after this Init ll phase are

and Legume Grains with the Brady Extruder to Study tile diff cleat pesshlblilt Ie., in nmre detail.

PRoIBI.IM AREAS

Formula Formula Formula
% % From the work desCrI bed, varIos problems have

been idenI if led with the extruder and are shown In
Tal1e VI . 'l'he( prohl m have been divided It o t hre
groups: thost' relate d to Lilt- equlpmunt; t host re I at ed

Beans (P. tnlaauZs) 36 -- 50 to nutritional c{eniderat lols; and those r Ilated to
toe product . 'Ht l;ist two groups are cIosilv relittlCowpea (V. ,nenrnis) -- 36 50 to tht, mneiaN I CA 1 rol emS 0if the mac Ii in. Amoii

Corn 47 47 -- these, the iddll hi ; of moisture and lilt, adjustment o
the mechaitis l i tont rol ;,elll to he i1pollt ilt : (I) to

Raw: be al)le to dest re0 lnil Ihls lOilo Cal I ctors, (2) to
Weight gain, g 1 48 l affect morc ;tru'tural charactertslit, (I) to Improve

on fnctlon.l properties, and (4) to alitve consis-

PER -- 1.46 tency of nutritional values and all iother Character-
1stics.

Extruded

Weight gain, g 74 86 50

PER 1.56 2.04 1.41
Table VI. Problem Areas Related to Processing with

1 thle lBrady ExtruderAll animals died.

I. Equ i pmen t

Feeding o I blend

Foods Containing High Amounts of Starch Adjustment of mechanical controls

Tempera t ure control
It is well known that In tropical Latin America Forms of extruded product

starch roots and tubers are consumed by the populIa- Addition of moisture and oil conditioning of blend
tLion. These foods are very low ill protein content;
there'ore, it was of interest to learn whether such 2. Nutriltional
foods comb ined wit hI I egle' foo0ds--such 1 as cowpeas-.
could he processed with' lhe Biiy ext ruder. Resul ts Lack of toIp let e destruction of ant I phys I logical
of one. study are stown in [ablc V. Two hlonds wer,, factors (trypsin inhlitors, gossypol, others)
processed--one, l corn/cowpet -a xtiLre, and the second, Lack of uniform nutritIonal values (PER)
a cassavaicowpea blend. Both lends wire easil y Stability of nutritional supplements (vitamins)
extruded, and both showed an inproltvement in lrotein Stability of extruded product uder storage
quality. The cowpea/cassava tlend was also tested
with young swine, with results similar to those 3. Physical and Organoleptic Characteristics
obtained with rats. Roots and tubers are difficult of Product
to store after harveuFt. Present drying procedures
are costly, part icul,irly, at the later stages. The Texture
Brady ext ruder offers a good possibility of handling Palatobilit y
this material at relatively high moisture content Standardization of physical properties of extruded
(20-30%), thus helpinp g tie preservation and product
commercial izat ion.
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Tnhl ( VII. PhYli .11 and 'it r It aI ( haricter s t I( F of Mixtures of Corn/Soybeans of Different Particle

S I z e m., 1 y I "i V I j d. y Ex t rider

Dencript I on Wt'tr Re"t,,ntio, * Water A sorption, " 1

of MIMpl I, I I 'fi I Ra w Ext r,,d l aw Extrided g/l tter PER,

Raw . -.. 71 -- 638.6 0.94

Sma I I part 1, 1 l .e 1. It0 Z40 2. )'1 4.64 183.9 2.60

Intermvlintet .4, .'.. ( 827 2.77 .. 57 191.2 2.41

Coiar iv , 1. , .. 't) I ,hi 1 2.82 5.12 206.5 2.49

Care_ 
3.15

11/4 days

IL:S:;ENT IISElARCII trvpslt Inhillt,,r .ct IvIty decreased ,as m ilsture
I... . .. i,.,d . O i wl tI , h Igh er moistur , reskIl ted ii a

Ali It I ll ,i v,d I ill v. ,It I I'it , t r I h I.i ; Ia ,* I , llro, ct w ith 1 1, 11t, r s p vt'l [ IIc vI Ium t. . Stomut Imlpl'oVik-

i) t lI li. i l, .zv t i (.c1 it lmii.. I or I . Itg , I I I II Ii Ift in t, t i j I liIv Wii:i .Iso oh.;tirv'l with

bl/ln f ritmulalt d IIl. I v it I v,ut lti ; I t I' . it.l ICl-.1, i , 1 , Ii v .' t . I If I t of thek;l roftj IcIit

M ill prou c I n hi n ,1 ,,,,vh.,.i,, ind l it×II I v , I II ;itt4Ijtp . ill' 1),-in : l tTII( i tl kil ;I dekvice( wil hI W ill

1/MIii i W I I' I .I (.1.1 i , 1. .Il' ' i t. I ill II oiIIil, Ihf .

II Iit .W Il I "I t v 4 " Y. I I I i " - i) .l'i I .h i 'l it 6he I I' miixi- Ilk It Ill t t i t, i I lii t t nIut ri 's o

1 i i 'e1 i It l I it- , I '' I I I I l I. It' I I l, i , t I ill,

,A it t ilda rd i", l t , I , , I I . I , ,,, , ~'ll . A I I thI r I 4 Il I :;- PI I I _N I I,' ,II P 1 . li 1; S

fll .'? ! I co l d I... III+ - I", , 'l fl' '' 'l , I~ lll ' ~l t .I- l l -

It' W e t I. 1 1. 1, 1 w ithI th' . I ' 1 ~ l w it 1 h1 It, 1,¢p 11- 'Ilil,- .- t,( , , , IlllIl,,lw-i%, t l L Jlh i i Mu 1 ro c ss't -' 111 l g

I I c l I ( ! 1;', '. I., I thIl'tllll . H i 
' . 11 1.1h, ,' I lt j.1lnllhI.. tHIti l I'q ' l ,r" \'lit lf m l, ixture's , a s rc~qutst ed 1-y

M llI, h1 bI . ' 1) 1-1 t, I'. w 'r, I l i - !,' ! I " I!, Iit -I l - " Vt -'1 11 ,11 , litt It, I~ t I' t~ rt -, I .;it Iifl Am t,r it' l fi t co u t r Ies

11l,'4t .11ii !illI. I). l ii ' I . ' '. I -ih 1',11 1 4l tI 1 -wIi- 'l I 1t1 Iil LI, hVT Il i ' ' t I v .
I If.. ill t 4l df. 11 J I ,t--'w htoll Il* III hV,',v! ,. 1 y'pilt-M .11h' 1- 1 lilt'

lll'ld m ' r4 ',.'.~i iv~ll~ iltt. .1 tl '; i "

l1l: 1 lt g I lle lh i.'" t t l I-"ll I I -  ill wh ich I lilt'lh ' i t tl
,  

, 1 , itLiII o l I ,.,,, m I x t I 't, -¢ s Io b e

t t -I- mvd i i I p1 , 1). r 1 t ' I I ' I I i -I . I, c r .ul , 
,

tr't 'S I tt. Wi t i , I t ,IMXtrU te- 1it Sli s.w1 li l ill

t orett levfs of urhoo Illo itill't.. It L'il) hu st-un 1h11.11I ,il'. VI 11. t'ol lit ,i t v t t ,  IWed thaIt till,
m t3l i

.

.
,  -ild h, ill....t, .,d withoit vich h,' l proo-

IltI V I I I It(1 tg1t' l t WtI [k' 1t0tlP) P t t lll 114 1I illi' - ttiutli'

61- lh t , l , it - I I o I, I r It nI , : $aI, I- e

, 
t. i 1 oI'd ,.r t o Iu ptp- 45 361

"NTUI

O 1.TIl I 3 14 t1,6' 1 lNB li 20 Il22l 23 2 ,Cto ,st ,11 (df u2 6t -

Ct tin wi le h i II h1 , I , d ttl , ,

Fiue2 fet0 tosir ntepyia and Vtam.'in and, m\'iner, uplmt 3 d;tdl\p r nii

2 % t ,r ,:t iv l % , illd I,-i I I ), h. ,- I 'dIvq I'll pv',t ill (11,11itv.

N'a %h :, , I'~ t, tt ,i t I,'+ ,, I tilt It ,lO llld l~l t,,, ,:+ t

IirtllltoaI t I rak It etk o f!th 'Prce ssedi'nai. b dIlk h t"t iIleBayeI t'ue ll-
d l llms irl I(Ilown, , l-'t h-Ilch('110 wiI I t h tc es jI0 LS Ld

0 for- itcuc t.x riI iti tLI i.11 .

78 I I figrtl itnt Coll iS i ol a I1lgh-Pro t l2 lOOLd for I'1 Salvador

~P E R ------.. .... . .... . . . .. . . ... . . .

1 ngred ienlf t 7,

Corti or other cereal 25 371

, , , , , Cowpea 45 361

10 11 12 13 14 15 16 17 18 19 20 A1 22 23 24 Cottonsceed flour 27 6

Moiue Cottonseed kernel -- 201

Figure 2. Effect of moisture Iln Life physical and Vtmnadmnrlsplmn

rlttrtal characteristics of the
ext ruffed prtxluc t 1 Processed in a blend with the Brady extruder.
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Soy Corn
Storage Storae

; 
- 30m

I.6. 6a.

2. 2a.7

9.Y Storage

3. 3a.-Room

E 5a. 6 b.

4. 5. 9a.

-A Ramp

Office Laboratory

I. Soybean Dehuller 6. Surge Tank
2. Soybean Cleaner 6a. Surge Tank

2a. Corn Cleaner 6b. Surge Tank
3. Soybean Storage 7. Mill

3a. Corn Storage 8. Mixer
4. Mix-All Mill 9. Packaging
5. Brady Crop Cooker 9a. Packaging

5a. Motor for Crop Cooker

Figure 3. Floor plan of propo!d processing plant In Ilonduras.
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Ilondurna Table IX. Ingredient Composition of "Nutrebien"

Supplemental Food for Panama
The mlxtur, suggestel for Honduras Ini made from

70 pari corn and VM partsf whole s ybeans Conditions
for processring ti hii ri ×xt ire havv been dieveloped, and Ingred ient % %
tie quality of tit pr .uit to) he obtained i already
known. Iby IIe o I'ii 1ii l) 7)r, a proIo I yp prorvessIng Rice 60 601 601

pltai t wo 1hrrrrlr .io i I | h' Illo( I rlrciti Covv.riw rnt sf siown
I I Figure 1. 'ihi pil;itl IIi'Il r . I ;Io; i for tire grains, Whole milk 16 8 --
ditliilliii, "lu lilirit l r ;ylr.,ir , o grind er, extruder, Sugar 24 24 24
grin tihr ui mland , i i it itiJj with Iiirltiginl' iquil- ug 22
melit . lh ri b ,I ii, ,11lr1,11t1(1 i ii-; fo r xi ng alt i- Soybean (full-fat) 8 161
cixtNi t ,t I I aIvoi Ili' rl'.IIIi,'; .ii . ;tIr;rndard vitamin
iiilxtulr(. oft Ililt' /0/ M ( or tt 1 . Sa;trolies have lProcessed individually or in a blend with the Bradyb l it Il t ;lirr fo r .Itri ly trl;il , ind rnults twere extruder.
hligh Iy etirourig Iirig. A I I Il d ( Im i ln i air ; trot been
tnninit iry tie gruvt-rirnrrnt age(r(y which reajre.ted tile
mix{ur(,.

Ecuador

A ltigh-prtvin, qu,'l ly iood cali ld "Nutreblen"
waii formulat d lfo r 'a;iari i 71973. The conmpostition is A formula very much like the one for Panama has
sihown In Tablet IX. It I:; made (i 00i partsa rice flour, been proposed for Ecuador. It may use oats rather
16 partri wlrol mill piwder nld 24 Iirts- anirgar. than rice, or both will be made, one for the highlands
ieca C U f' It 1s hih rnrl;t, rririalo r;Iave ire e r made by and one for tire lowlands. A chemical engineer is now
(Ihi Nutr on .t' lon i t he Mlnifia inl liu lth to at INCAI working on tite laboratory production of such
siltlly lilt- p lII( litly t cl' rnri+ , 

rh. rrr: liV iuodi - a mixture and receiving training for quality control.
ntiltvIr t I in i llir) nit'llr lt a, ,4 i t 11 h1 t r ii rg t t tritiv e

v;illr ,ilrii .lip iir litv. andlnnitrii'.' tt't;n; witr, ctir-
rlied ouit i I),' rn l i l(W]/, in1 whi h r ic w.rn Irocessed CONCLUSION
with tlre IMid.r xt irini , ilrrti ror milxid with clirn or
with r. ilrn . lihrr. wilr(. ,idhird t h l[hc u nir shrwn Even though tire Brady extruder has been at INCAP
fit tlil ftall. A i I l it lv wic; ) ,i. , and th(, fact lo i a relatively short period of time, tie work car-
that it ri lii nit ciqul , ill. , oni(lo iihr l t c'oi ;Tilit i lt was rled out has suggested that tire equipment has much
a very ill I tart iv. rhiricr Iti;t ' Itr t i mt litr., At potential to process mixtures of a variety of Ingre-
lilt. priseilt I ill(- autci i; rt. !;nnt cl ing nit opt lirr1um proc- diterts. At least 15 students attending the graduate
ssing conlit lnP; to lit followed y rhoulicill and bto- program in Food Science and Technology of INCAP have

log ical Ianalyai;. Conidt'r;r iln will have ii be givent been trained in tire rise of tire machine for the produc-
to stai lity ll i tre iroihuct , sin'e var iors vitillnrin and Lion of foods for lirlnan consumption, as well as for
rirneral n;tilpleietit (i int) will b e added. The 'rugram alirral feeding. It is felt that it is just a matter
al.io Inclde :storage te'ts I its an large-sicale accepta- of time before one or all of tIre potential applica-
bi ty testsr. Lions become a reality.

NOTE: Material presented was taken from the following
paper.

Bre.-; ani, R., M. R. Mollni, I.. G. Elias, Ii. Gudiel and
R. Cuevas. 1976. Exploration of tire Potential
for Low-cost Ext'tusion Cookers in Latin America.
Institute of Nutrition of Central America and
Panama (1NCAP), Guta tenllla, Central America.
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Exploration of the Potential for Low-cost Extrusion Cookers In East Africa

John F. Okorio

East African Industrial Research Organization
Nairobi, Kenwa

PART I Suggestions for Add itional Researrh

A. Weaning Foods--Iurat ion: aplroxinately I mollllh
Objectives

1. (;oalS
In mid-1974, EAIRO and USAID signed a Memorandum

of Understanding to define in general terms the work a. he 15-20,2, prol in
to be performed by each party. The broad objective h. be well-cooked
of EATRO's work is to evaluate a Brady extruder, c. be of low t libtr
thereby assessing the usefulness of tiis type of d. use delil led seeds
extrusion cooker for the manufacture of low-cost e. emphasize mfxturtel approximatefy
nutritious foods and food ingredients in Fast Africa. 70% cereal (im ize) and 10% oil seeds
In April 1976, we drew up ia research programi for test (soybeans)
runs or the extruder.

2. Possible Ingredients
The purpose of the testing program was to pro-

duce: (1) weolnig foods, (2) bread fortifiers and a. maize
enriched flours, and (3) nutritious snacks with b. sorghum
flavoring. c. sim sim

Experience Gained with LEC 3. Formulations ()0)) lh ,Itctes)

Tests conducted to date on the Brady (Fig. 1) a. 90%,- 17 , Inlze-sov (complete)
involved using various combinations of degermed malize b. 807-20;' Mi I ze-sOy (comp let ed)
meal and soybeans (dehulled) to produce ;i weaning c. 70%-3M. iaIz,-sov (complet id)
food. Nearly 1.5 tons of well-cooked product (707, d. 9(OZ-lI0Z sorg ;ihn-sov (270) lb-10 ))
maize/30% soy) were shipped to Tanzania for market e. 8 '-207 s .rliunl-sov (24) IM-i0 Ib)
testing. This is tilte most promising ll)pllir,.,L on of f. 70-7,30,O sorghni-,;oy (21 1(1 )-(i 11))
the Brady Project. Product evalluit loll results will g. 90Z-1 W sor1i;hin-; in sin 7(2 ) lb- 1I 1b)
be reported later. hi. 8)%-'M) sorghtli ilti ! lrn (210 Ib-i)() Ih)

I. 7)0-3( sorglhuit-s tn ;lii (2110 lh-9( lIh)

J 1%1) X. m0Z-0 a Inz.-sli I ;tt (27)0 lb-i)0 lb)
k. 80Z-207 ma izr-s;Im it (24 1 lb-il 11)I

I. 7()%- 3(Z IThlizt'-!;i;i l;II (210 lht-90 fb)

4. Temperatures

a. very low (230-110'F)
). very high ('0-340"'F)

B. Bread Fortiffers and Enriched Flours--Duration:

approximately 2 mon this

1. Possibl e lngr edlent s

a. soybeans ((100 lb)
b. sim sim

•I c. peanuts (probably)
d. defatted meal

2. Temperatures: 280'F or higher, if possible

Figure 1. The Brady Crop Cooker with personnyel at C. Snacks (600-lb batches), Duration: approximately
EAIRO facilities in Nairobi, Kenya. 1 month
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I. Goals protein-rich additives now available, soy flour is
most attractive in price and nutritional quality. Soy

a. a crisp product flour has been extensively studied and generally recom-

b. 10% protein mended as a bread fortifier. However, in many poverty
c. good and presentable color areas where diets are dti lcent Ili both protein and
d. less than 10% oil calories, full-fat so: flour tan become an Ideal sup-

plement because of Its high protein and fat content
2. Possible Ingredients (Fig. 2). Furthermore, to produce full-fat soy flour,

simple and low-cost equipment, like the Brady Crop

a. rI(v Cooker, caln be set up and run In Africa.

b). Ina I ze

C . sor n lium
(I . sofybea'1n"
e • pealut s

f. m film i

3. Proport lons

a1. 1(1(% cereal -0% oil seeds
1). 90% cereal-107, oil seeds
c. HO0% cereal-20% oil seeds

4. Temperature: 320F or higher

5. Flavor lgs

a. bananas
1). cl11l1 sau"ce
C. cheese
d. other .,

6. Formulations (000 lb batches)
Figure 2. "The 'ayes' have it ' East African

a. 910-107 r ice-sov (54)) Il-0i lb) children respond in the allirmative
b. 801-20 rice-soy (480 lh-120 lb) uring acceptabil ity test of extruded
C. 70%-3()% rh'v-sov (42 0 lb-1I80 1b) food.
d. 907-10% rIce-shmn si (04() lh-0O Ib)
e. 8[)-2)% ri'e-sim uni (1; 1(i lb-120 lb)
f. 70Z-'1(% rce-sim t;Iin (421 lb-180 lb) Many workt-rs, noLably Finney et al . (1963),
g. 10 (-102 r ice-peanut (1)4(o lb-li) lb) Ilomeranz et al. (19 19) , and Tsen anid Hoover (1971) have

h. 80%-207% ricv-peanot (480 l-120 lIb) shown that adding gIvcol ipids and dough conditioners
10%-30% r ice-peanut (420 lIt-I]) i I1) Improve baking performance of flours fortified with

J 90Z-10% ma I 'e-paniut ( 54 0 I It-uO 6 i) soy products, particularly defat t'ed soy ftlour

k. 80%-20'7 ma I ze-peanut (48/ I t- 120 lt)
1 70%-30, maize-peanut (420 lIh-18) lb) Bookwalter and Mustakas (1971) used extrusion-

cooked, full-tat soy (lour in high-protein bread.
rhey found that loaf volume decreased less with

Specific Evaluation Sites extruded products than with non-extruded, full-fat
soy flour.

Bakery research was conducted at the Wheat
Quality Control labs of the Ministry of Agriculture Our study--part of a research program on extru-

at Njoro, Kenya. sion cooking for product ion of low-cost nutritious
foods--was undertaken to examine dough and baking
properties of wheat flour fortified with full-fat soy

PART II flour and changes which occurred when sodium stearyl-
2-lactylate was added.

Introduction Materials and Methods

Fortifying wheat flour with full-fat soy flour Wheat flour was milled by a commercial mill fcl

in making bread can raise protein content, balance home baking. Although this is a weak wheat flour, it

essential amino acids, and increase bread's caloric is the most available In East Africa. The full-fat

value. Such tortif lcation can adversely affect baking soy flour was cooked In tie Brady at 260*F. Their

quality of wheat t lour. Sodiu'm stearyl-2-1actylate proximate analyses were:
(SSL) could increase tie stability of dough containing
8% soy flour. Tie effect was enhanced with int'reased Moisture, Protein, Fat,

additions of SRI, (0.25 to 1.":o,). All breads with 4 to Flour % % %

24% soy flur exhibitd a small loaf volume. When
1.0% SS1 w.us added, acceptable bread resulted from Wheat flour 11.0 10.8 --

wheat fortitied with sov flour up to 16'.
Full-fat soy flour 4.0 35.0 21.0

Protein Malnutrition, a serious problem of people
whose diets consist mainly of cereal or starch foods,
has aroused keen interest in fortifying breads or iProtein content is %N x 6.25 for soy; and %N x 5.7

other products with protein-rich foods. Of all the for wheat flour.
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Farinograms Absorpt ion o t ie t ort i I ol I flour , houtgl il,'r ,,.,ed

slightly as till I-tat sov I lour was itt'.tastd. lilou htFarinogrms were obtaintd by the constant dough peak time was 5.0 mtmutt s tor ,,ht.,t t lou"t !dou id, il
weight methods, using 50 grams of sample (AACC, 192). b.5 mitiutes for ,hIitglt tol it iid with . S4 'otlt

Despite the illt lti',t potoCU, t'i.t 1 l ottI it It,,d !;yBaking Test flour, Cittllg,s in ;,.tl t i ' .Iime O . olt it It'd dlY .hs
Wct, t, " ',. lv , tll . Slt pt ..iit'l\. Io ,.h tll! fty

The "Remix" Baking Test (Irving and McMtullan, increased with hihi ! \-tIv!ls ot '.
1960) was used. The method requires rio skilled
punching, detects extreme strength more readily and
discriminates more widely between strong and weak Adding I SSI did 1101tt At tIt absorpt iotl but
flours, could doelay tioUt1t.iovolottnot Aitd it. st , dottgih

stability of whoat flotr t t iI led witi ov I oul
Formula (tabhle I).

Flour (14% m.b) 100.0 g
Water (distilled) variable To substanti tal, t Itt 5SI t otild iit t t.o t.ixilig
Yeast 1.2 ADY (25 ml) stability ot doUgh umtlillti, SOV I l.t ouI, , idit iottal
Sugar 2.5 g tests were Itaio th I . i lx.tntl.o ' tiil t; kot S:;l ,hhh,, at
Salt 1.0 g 0.25, 0. 50, 1It!!, 1. ')o , .. i I .'. ',o ,t .oi ssi Olt
Potassium bromate 1.5 mg% doughs 'ontlt niiut " lul- Itl .,t'v I lu . I lt It
Phosphate 0.1 g dough-dovo lop Ati, t Itt', ,i,!h ;t ,i' I lI v ill tet.l ,,t; ;Sl.Ml a I t 0 . 3 g i u er ' a s t d c , t I I I I M t d t hI t , d It h - s l t I , l l , l h i lt l l -1' ltI ¢ I ' t It

55!. or I rt i t, I, , h I ,i l ,- Ill.
Procedure

i. Mix ingredients for 2.0 minutes in a mixer Eito.it of Iti tlt'v i'tl,.t I ultoo t it Soy iutti
(National Manufacturing Co., Lincoln, NE) otit bk i i It, It\

2. Ferment for 140 minutes at 3
0

°C TO t.p]oo i.fow 1nt1c'It 1i I- 1at so' I Ioutr colt I, Iused w, W IOrt Ii II' wi -, t I Io wtr it It 4, H, I , II., '(

3. Ferment for 25 minutes (recovery time) aitd 247; soy I lIotir ittd! ov I,;ttt oid t h I r ak Iing pot or-
n Iane ts . "Ii'h "R eiI " B ik ing T es t ( rity l it. I in I Mh 4 1I I a nt,

4. Sheet and mold 1960) was ttli lo'vid.

5. Proof for 55 minutes at 30C (86 0
F)

'lahil Ill shows thte adverse tItots Of lull-ft
6. Bake 25 minutes at 430°F soy flour ott Itaf voltimi oi t, iished brtild; foal

voltimt prisitc l it'e tIt.'is iVi y will tilL siy ! l ur
Results and Discussion increments.

Rheological Properties of Doughs. Fortified with
Various Percentages of Full-fat Soy Flour and T ea ted T10 i mptroving tvi Ioh 't fit SSI. wis olivli.,s. Witiout
with and without 1.0% SSL 17 SSI., alI I ittislit,! htr ls stipp I ttiellt witi H to 2/i%

soy I four hid s1;ii i Itoi voltits. Iliw(ivir, with I17Table I shows changes in absorption, developing 55!. itrottis oild rittit whtt IlIotr i ii'tI! hI with sty
time, and stability of doughs of wheat flour fortified flour, 1ilt tit I i h1:l ct.1'1IC tVIIIV sot-i, Il I' v0iiiunits
with 0 to 24Z soy flour with and without SSI. added. (Table III).

Table I. Farinographic Characteristics of Wheat Flour Fortified with Indicated Percentages of Fill I-fait Soy
Flour and SSL

Full-fat Absorption, Peak Time, Stability, Absorption, leak Time, Stability,
Soy Flour %' minutes minutes , minuLt os millut ts

0 58.0 5.00 7.5 56.8 2.0 14.0

4 57.4 6.00 8.0 56.8 9.25 15.5

8 57.2 5.50 8.5 -- 8.0 17.0

12 58.0 4.50 9.0 55.6 10.0 17.5

16 59.0 5.50 9.3 57.0 10.0 17.0

20 59.2 6.00 11.5 57.4 10.0 17.0

24 60.2 6.50 13.0 59.2 9.25 17.0
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Table II. Farinographic Characteristics of Wheat LITERATURE CITED
Flour Fortified with 8% Full-fat Soy Flour

and Treated with Indicated Percentages of American Association of Cereal Chemists. 1962. AACC

SSI. Approved Methods (7th ed.). The Association,

St. Paul, Minnesota.

Full-fat. Bookwalter, C. N., and G. C. Mustakas. 1971. Full-
Soy Flour SSI., Absorpt ion, Peak Time, Stability, fat Soy Flour Extrusion-cooked. Properties and

minutes minutes Food Uses. J. Food Sci. 36():5.

0 0.0 5Y.0 5.0 7.5 Finney, K. F., G. Rubenhaler, and Y. Pomeranz. 1963.

8 '.0 57.2 5.5 8.5 Soy-products Variables Affecting Bread-making.
Cereal Sol. Today 8:166.

8 0.25 -- 6.5 10.0

11 0.5 56.2 5.25 12.0 Irvine, G. N., and M. 1'. McMullan. 1960. The

"Remix" Baking Test. Cereal Chem. 37(5).
8 1.0 -- 8.0 17.0

8 1.5 55.8 7.75 18.75 Pomeranz, Y., and M. 1. Schogren. 1969. Improving

Breadmaking Properties with (,Lycolipids. II.
B 2.0 55.0 13.25 19.00 Cereal Chem. 46:512.

8 2.5 55.0 17.75 18.75
Tsen, C. C., and W. J. P iover. 1971. The Shortening-

8 3.0 53.4 16.25 18.15 sparing Effect of Sodium Stearyl-2 Lactylate and

Calcium Stear- 1-2 Lactylate in Bread Making.
Baker's Dig. 45(3):38.

Table Ill. Effvcts on Baking (utal Ity of Fortifying
Wheat Flour wit It Ind 1it.d Percentages of
Ful l- ft Soy Flour and SSI.

Average Average
Fil I-fat l.oa f Spec if Ic
Soy Flour SSI., Abliorpt Ion, Vol ime, Volme,

7 cc cc/g

0 1.0 58.0 560 4.3

4 0.0 57.4 490 3.4

8 0.0 57.2 500 3.8

12 0.0 58.0 450 3.5

16 0.0 59.0 420 3.2

20 0.0 59.2 430 2.9

24 0.0 60.0 370 2.9

0 1 .0 56.8 640 5.1

4 1.0 56.8 625 4.9

8 1.0 ......

12 1.0 55.6 570 4.5

16 1 .0 57.0 560 4.3

20 1.0 57.4 510 4.0

24 1.0 59.2 480 3.8

8 0.0 57.4 500 3.8

8 0.25 ......

8 0.50 56.2 560 4.4

8 1.00 56.0 575 4.5

8 1.50 55.8 530 4.2

8 2.00 55.0 530 3.4

8 2.50 55.0 530 3.4

8 3.00 53.4 430 2.9
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Low-cost Extrusion Cooker Use in India

Sunlit Mukhopadhyay
Jadavpur University

Calcutta. India

India is the second most populous and tile seventh Feeding proraims I or children through IlwadIs

largest country in the world. The existing large num- include ilmmun izati on, nealth checkup and. so I'alizat Ilo

ber of people and tile present population growth are through games and recreation. A provision i Iof i paitse

thought to be the major causes of prOVertv and ialun- per child per dia was miade . Allowlug ior iet ,and

trition in tile country. The nutrit ion su;rvev among other items to bie supplied througII li'.l cotrtbuti n,

preschool children showed thit in 90" of tItem I it. tile Lotal cost pit'r child i per day Amotunttei'd to ;11ppr'oxi-

heights and welgts were belelw th I(It 1 th I)rttV'Cloi l' mately 25 paise.

values of American Chi ldren ot coIIr'tiesild log ,.g .

Eighteen percent of the Chi ldrt n were sul ftr log trom

grade Ii nalnutrit lol (weight dhI I it of /to: or more), TheI scihoo I Il .-d i pt , r ogt. ia; ben I nll i i tt itd 1v

and 65';' of the chil dren were s it I ing I ro1l grad ' I tilt' govirinnIlt OIl it lar',e St'alit'. l' aliV hi

and I1 malnutirit ion (weilit dct i lts it Io 1-251 ;ilt 25- feeding prtograin is tilie Mid-day ,Iiil t 'iattt , lallg, v

40%, respect ivelY) . Ii viow ol the Impo t;Utn'o of ;ssisted by CARE. Near lv I' i t lt-he n e t'l I clat fiis ite

proper nutrition 1 in It etrly part of I It , ti e Gov- pr* 'scho' ol i ldtrin. ;II Ahit is one ,t t Ilk. Id ;il -

eminent of Indli hits teen spoItisor llg ltv' t Iie ;up- pleine tS ilt th is pr 'l1t .I ch Itil d I l cev iy ; /t

plementary feeding progriims for presihotol and sCto l grams o itBal Altar, whith lt irvtilh; dh t 1( M I ;i'lorivs
children. Mt'leV fo d it 1 ' prog';ams t;ititoi 1t - I lng ;t pt'ilt and il 15 gralis of prot e n. F i t tl th iotipald I on!; I Ba I

nent soltt ion to this prOlem. Only wel -administered Aiar were produced I i71-12 (Ili'u ;tnt prdctitIc o hait

and consistent integrated programs produce positive gone tip to 4(1,0010 tions).

results.

Tite Special Nutrition Feeding Program for pre- The programs art hl lemtitted bV various deparl-

school children began iit 1971-72 by the Union Social ments of tile tvovernmeitt--I Ike I('ihiti't ittl, SM' li , Wel-

Welfare Department.. Tie beneiIts were extetded tit fare, Pan h ati I h, Hl l it t id Family ilanilg,

pregnant and nursing women aIs we I . The sIp I Mennt industry and ILabtr, State .oc fill W1l fare lItard and

consists of 300 catories and 10-1) grins of protein several v ttluntary agenc es like naiill,i imindtls, voitit

for citildren and 5(0 c lories and 25 gr;lms of protein clubs, India i ed il -o s s, Ramal krlit;t Miss ion, ett.

for pregnant and tUr.lsing wotmeni. The scieiiie inclhu s Several voluntarv hitti' c s like CASA, CRS, INI, v't.,

immunization aitd medical checkup. Blretid and milk or are also organizilg it 'gatid nutritiu po'tgri'altts

other processed foods are the Mitin ite'its t- food in partly witht gift foot s.

urban areas. In tribal areas, locally produced ftods,

gift foods or Blil Ah ar tlti itsused. CAI(l gift onnittdi- Table I summarizes tilt- overall nutrition programs

ties are used in mally areas, hentce Lthe cost of- fIod oil in Lhe country.

an average comes to within 22 paise
I 

per beneficiary

per day. To correct tile ill effects of milntitrithtn,

a new Central Governent Scheme for int 'grattd Child Itl most of the protgrams raw fotods are suppl led

Development Services was started lit 1975 ;is ;t pilot which require cootking at tite feeding centers. A few

project itl 30 centers, typical foods are: soy-fortifled tItlgttr, whole wheat,

soy-fortified flour, CSI, CSB, sity-fortifitd sirgthm

The Applied Nutrition l'rogramn is basically educa- grits, milk powder, Bal Altar, ett . only birtctd and

tional in character. It ailms at stilitlattlng, self-help biscuits tire ready-to-e;t tlotis, hit ttl'ir siell lie

activities for optimum use of atvailalle ftood resources. Is relatively ftoor. So there is need for bulk produc-

One of the main compononts tof tie ltprogram is; demon- tLion of ready-tt-iat foods for lnst Ittitlrt;,l feedlng

stration feeding. The numter ,f benef iciales varies in order to Insure safety, convenience and ectnomy.

from 20 to 30 at each 'eitter. Rs.1l crore- was allo-

cated in the Fourth Five-Year Plan for setting addi-

tional blocks. Under this scteme feeding is carried There has been some public awareness of nutrition

out at balwadis, health centers o similar centers. in recent times In the country. In tile "Study of Footd

At tite state level tlte )epartment of Community level- Iablts in Calcutta" made In 1969 and spinsored ty tile

opment is usually responsible for implementing the USAID, it was revealed tltat 32% otf the housewlvet were

program. aware of protein, and 64% of theiI wore aware of v ita-

mins. But thte e.:1stn hgh-nutrl t lol fotds commer-

1 cially marketed lit India are generally heyond tie

1 rupee (Rs.) = 11.75 U.S. cents reach of poorer segments of tite iopulatloil. Table 11

100 paise = I rupee shows the types of tigh-protein foods made lit the

country and their total production, which is rather
2
Crore is a mathematical term meaning 10,000,000 or insignificant compared to tile total need of the

107 units. country.
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Table I. Phytical Targets Achieved in 1973-74 Under the Special Nutrition Program In India.

Urban Slums Tribal Areas Total

Ilenef ic lar lef 1,813,957 1,884,447 3,698,404

Centers 8,253 19,864 28,117

Source: landbook tin Social Wi' Iiare Statistc s, Department of Social Welfare, Government of India, 1974

Allotment of Applied Nutrition Program Blocks Since Inception

Bloc-k Al litted
[tir Ing 1906-67 tlolcnk AlI lot ted Al lot ted during Proposed during

Thlird Inn It to. 1 968- 69 l .uir.nj.4th Pi_ ln .... 1974-75 1975-76 Total ANP Block

219 520 442 94 100 1,281

Source: Report 1974-75, Ministry of Agriculture & Irrigation, Department of Rural Development, Government of

India

Number of BialwadIs Functioning In 1973-74 Under the Program of Nutrition

Coverage of Mid-day Meals
Program ill Schools DcIr lag
the years 1971-72 and 1972-73

Expend I ture Number of Benet 1, aries (lakhs
Number of Balwadis Fuoct_iontl Number of Benefici'iarles (Rs. In lakhs I ) 1971-72 1972-73

5,950 224,644 125.95 119.48 110.19

Source: Handbook ott Social We 1 fare Stat I st ics, IDepar tment of Social Wel fare, Covernmen t of India, 1974

'I lakh - 100,000 or 105

There arte many ways through which ready-to-eat arz being introduced in tile Spec ial Nutrition and Mid-
foods could be manufict Iured. Roller drying and ext ru- day Meal Programs lor supplementary feeding. A Manley
lon cooking are tilt, nost commn1 methbods In preipara- extruder is operating at IDelhi for production of snack

Lion of such foods. Roller drying normally is expen- foods. Also, one extruder is known to have been in-
Hive, becausie tit, witer vaiol,lt ioll reuiqred per tonl stal led at Pt0oo. Anotheir extrulder Is already under
of finilshed product cal be i1; much Is 20 t ilis that in installation, With tie assIt stance of UNICEF, at the
ar extrusiion cooker. )uring tile past 20 vears , Coll- extruded food plant in I vderabaild, where the Government
aiderablil development has taken place in extrusiion of Indl ia, tile (;overnment of Andhra PradeshI ind CARE
cooking technology. are also participating. The pl ant is Capable of pro-

viding a realdy-to-cit ;nack to 200,00 beneficiaries.
ButI lite interest fil thie lsi ol extruslion cookers Ali AndersOi1 eXtl-uder cooker is teing installled at

is relatively new ill India. During til, past five or Gaiabad with tlte UNICIIES p.roup.

1ix yeara a few extruision cookers havi been installied
in different parts oi tie couitry. Ill .llulry 1976, a Yet the nlecessity for a low-cost extruder parti-
workshop ott "Ext riiuder-laSid Foods ill Iid i'" was organ- cularly for developing countries Is being felt because
ized by the Protein Foods and Nutrit ion )evelopment most of the extruder plants require large capital
Assoc L n it li l if 0I uh I ill order tii exiuuItie tlie re leva1Ce investment, soptistic,iLted cootrols and skills, ard
of extruder cooker; fi lndLi, their present. statuis and large overheads and indirect costs. in 1973, one low-
potential ililatlons. cost extruder, the Brady 206 Crop Cooker, was brought

to Calcutta by CARE-India with the consent of the
Texturt-ed vegetihble protein is being, produced and l)epartment of Food, MiniStry of Agrcilture, Govern-

marketed by Soy, I'ridlic t; Mid tlesea rch Association, ment of India, to te:t Its suitability ill preparing
Bareilly, Uttar Pradesh with tile trade name '"Nuttri ready-to-eat iiuitritious toods for distribution in

Nugget."' Myuoro Snack Foods, tangalore, Karnataka Is feeding prOarauis . lue machluinC was developed by the
producing "Crunchlles," a snack food. Also at manufacturer mainly to produce heat-processed soybeans
"Anul ''' factory, a Weiner X-25 extruier-cooker-dryer for use as livestock ration. Previously, it had not
was installed with I ItC I F assistance. With tie partI- been tried ill i manufacturing snack or ready-to-eat
cipation of the Government of Gujarat, Union Social foods. The machine was Installed at the factory prem-
Welfare Department, Food and Nutrition Board (Govern- ises of the United Flour Mills Co. Ltd. and the Utnited
meat of India) and CARE, the extrusion-cooked foods Cereal Products Ltd. in 1973. The UFM-UCPL provided
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Table II. Types, Approx Imate Quant it ies and Value of 2. The machine alnno , .I t tne lv gt ound
Prot e ln-baa;ed or Protein-onrichei Processed raw mate-rial I ,a coai-;,- matri .11 t with .1
Foads Produced Annualiv in India

1  
large amount It .thi oil t,ls., mat eI als

eO t I11Ol Oite I'll ant'~ ll d M 101[ .1m' ;loillill S eI

added oil .lid V0IS0IV tilter ht I O tI - I 1t1w 1lig
Rollgh cihairacit e ot t I .I, t I ed i1i . (;I "tund

Quant I tv Price' Va I1Ile raw mat t t I;I I nctl I,\ .t-m'c;h a I .,- , wltI.
tLons/yea1 Rs ./kg Rs. cro's Iound to i tO0m I d 1 l, '. I liu I t.,

M. all", "I th It IIoduct !; W"t v p1oet'I v pl leId and
Milk powders 20,00) is (t.0 expanded, and .Ippctal od Ito it. rit t v and

Infant and baby foods 1 ti ,0oo 20 30.0 Itwooled.

Weaninmg foods 1,000 20 2.0 4. Hi m, tac Ituhe I, ;11 st i I p. Irl lt ,,I I o i ict

Beverage powders bran (T I v V) .
(malted milk,
cocoa, etc.) 12,00) 2(1 24.1 5. The m.itn I imitt Iou tofie miiiline was that

ttI ii t ll Ito t t. .I siazpe~d pi .tidi .

Protein-rich powders 2  
2,0( 8 1.0

Bal Aliar' 1 05,o00 4. 5 6. iBec,- uise I tic it'lt .) fit, I , tile I iiiished
produ(. I tilllt o d I Inctid wit hilln , hor t Ilme Inl

Biscui.ts (enr ichetd stola ,.
with protein and
vitamins) 700 15 1 .0 YIil wtlr r ,. ' oc nt inlut-d to ) u ,'ql'l vvallri III

Bread (enriched With Irdt-r it, de-velop a 1 nor'e 'ic p~ ,l,,Illtl In Ud Well-
protein and pillt I d i l land I I,,-kt-' prtd lc I . If W.I!, IIoitnd Himn ......king

vitamins,) 45,000 3 1 1.5 with Iddth-d w;Ittcl w.I: 11,,t, ,h,!.il ahic th.11 ..... lip.W w Ith1

add Id 0 l1
Extruded foods 2,110) 12 2.4

"PI'll'nril ceutical" Tht. 'xpl-rilTI-It ltII d~ll,l I thfi -';v 11 i'lls i,,lit+ } ll

foods 3(0 40 t)2 I F T blc VI . II wls .0) ;"r v,-, t 1. 11 .i I I , 11t vilttt

- -. d I I c t wrist, 1 ) t1 w tiln I t I v t lit' p s III -s l lv Is IIt V
116.2 i i til-l l t c Oril I ll . 111 11 .ki a .. oht li -d

fIrom ott l t 'tlnli , (lit i ll cxt I to, 1,)n , it iktvis;. I.'rit I Iit-

Source: 'Irotev i Fotids and Nut Iit Itn Ievelopment

Assoc iation of India," Newsletter No. 21, 1175. 1. A :iniit rliv ,tltkta . i, 1)du -airll h itt' linv.

2 ity ;i llg wateor .11nd u15illlg ltasi; ,idtl.It't 1
Largely for use in feeding programs.

2. A hl ,ig lv pult vl pt-Ithict ca;n he (III t;I Ined hy
2. sing a sui itile t it ',ll tll,,t ifl added wiit ir,

Which v i rl t 1(ml ipl- dlil 'l tt 111 ti i . I

space, a motor, a mixer, skilled and tskille) workers, 1. Al opt illiilil per ntli a t-, II itd d i witI, wit li
whereas tie )epartment if FIotII, Mlliistry t1f A rilcul- differs 1it ta )t'll tIItI il 111111iiill itt iI s
tlure provided part o the raw aateri- ila, ;iitd (ARE pro- requlI red. lft-lttw tIis ItV( I, ih, Jini, (lils

vided pairt of the raw mateorials a'd ttr+l a t suptrv|- or the pildlll irttm,-!; ii ,a ,I it.. l I ititlUS

sion. Tr ials were colluict ed mo.1-;t Iy tildtr tIe tecil- st relmn witIt (il u llali }it. i a'pI;;l ' tt it lit'
nIcal guidance oI tilt Ilt lt r Who i s I lit Tlt- it] icilI rotltal n li kllt' I ltlivi, ti ; tel
Advisor to tihe UCP. under colltralc betwell i(CI. ,anid
Jadavpur Ul1ivera;itv. 4. llt' ,raltl;la'itih (d flh Iit, I l ti ilt a milst also

be adjuste d to I ill 1 )11 itltl VtI1 1 t,telow wil l
The main obei ctive of the study was to uti lize tile feed ;itltter bil'tlntll ; Ii+ Ilcti lVe, anti abiove

locally available food resourkes for manuf-actutre. o)f wh hilt' IStattt'r it Iri t llt' liii ll ti ik't

acceptable productLst and many varLet les If low-cost raw
materials avai labIe in different parts of the counitry 5. Te ti rietd, f InIlId I- rtIlIt has Ilon)) iItI
were used. TrilIIs were stari:ed In October [971 witI life if it contains I mes ltr Itf t oi
the tecin ical ass istance of represTli at tf es C rom tihe

Koelring Farm Division. Tables III and IV Indicale 6. A manufacturing; uiit( las-d (i tilt i Brady i/2f6
the findtldings on some important t'pelL'S (t ftad COln1blla- Crop Cloker tan well fit Illtl tle inI ra-
tions. From these trials, the following clllu']iols structure oi small-scali itdlu;tries inl India.
were made: Table VII indil attas tht, esat clapittli l al

investment in proceasng, cost for suchI a

1. The machine can use any dry food material unit.
(moisture 10-15/) witII at least 5-lI t il
in it and produce a semi-powder or irregular 7. The product call lit' a zetd Into sall I I (itips
chips, which can be screened to different for consumption as snack fod. After
sizes and can be used as ready-to-eat grinding Into a fine powder, it also can
snacks or as a porridge base, be used as a porridge with cold water.
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Tawie IIl. Trialo on Brady 11206 Crop Cooker (lip - 100, rpm - 580)

Raw Materials Steady State Processing Conditions Steady
It em Compo t I on, Temperature reed Auger Average Output Current

Nimber Z by weight ranularity 'F Setting Rate, kg/hr amps

Corn 80 degermed corn grit
Soybean 20 dehulled Roy grit 280 1.5 230 60

2 Corn 70 degermed corn grit
Soybetan 0 dehulled soy grit 310 1.5 -- 60

Corn 9.
)  degermed corn grits

Salad ol 5 250 1.5 --

( Corn 85 ground degv-rmed corn
pals throtigh 20 mesh

Salad oil 15 240 -- 65

) Soybealn 100 dihul I soy grits 200 --

S (:orn 70 all ground
ilBega lIgram I) pass through 20 mesh
;roundtlut I 5 280 1.5 -- 39

( Con I i a I I ground
Cronimnot 25 pass through 20 mesh 290 1.5 180 37

8 Wheat 7V) all ground
Soybean pas25 p through 20 mesh 285 -- 290 76

I huat HO all ground

(;rolldflt I pass t hrough 20 mesh

Salad oil 315 216 52

10 Wheat H) all ground
so'ybean 1 5 pass through 20 mesh
Salad oil 5 310 270 54

II Ba ra H) all ground
(/ .':Y:," . w,": pass through 20 mesh

(;rotndilnit I) 290 285 60

12 Tapioca It Ilp
50 all ground

Soybean 50 Pass through 20 mesh -- -- --

I Rice 50 all ground
Soybean 5(1 pass through 20 mesh

14 Ragi 80 whole ragi and ground
(V1 Zt : ;, soybean

pass through 20 mesh

SoyL'an 20

15 Soy fortifited not ground

lIhlgur 95
Salad oil 5 2.0
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Table IV. Trials on Brady #206 Crop Cooker

Item Produt Ona li tV
Number Machine Performance Final M oisture * Textutre ,dd t i|ontliI Rema rks

1 Smooth 6.5 sl ight I v put ted Few tinooked grit s, ne
oil

2 Smooth 5.8 well put I ed None

3 Tends to jam -- ver'v hard A solid tuhe tllcae out--
tiiiooke'd grits visible.

4 Fluctuating load e well ptuIfedi Raw material flow plootl Il
I ted algerl

5 Smooth -- snmIlI I lakes No rease t lvitv

6 Not smooth 6.9 ,l iglt Iv pufI ted Croundtnut I lavor

dit ett til I e

7 Smooth -- we I pitf I ed None

8 Smooth -- slIght lV pulle d None

9 Smooth -- a hove Not.v

10 Smooth 6 .6 ;IS .lIVC Nont

11 Tends to jam 8.9 not put t et lard tetxture

12 Tends to jam -- not pitf tId liard and grit t v

13 Fluctuating load -- not pill ftd Cr it t v

14 Smooth -- not pitl td ;r I tt y

15 Smooth 6.1, sI |ght l plffe d None

In l197r ne.arly tiite ton tit td -li-tit load III
the forti it hiCli iv pullt'd oit,- w.i pitt iled I rm
wheat, ld in' . tI dA ol t IIli titi I' SH'ii i I I C.1 I illi I

Table V. FFA Development During Stotage in Extrusion stlted it etittII 21 ii 1l-1I 1 VI. IIt.. put'it I Was .wt,-l -
Cooked Parboiled Rice Bran ten d (10 ' iddt,,i ;tn'irl) iti -i , l (2 Iddid ;A t i ll'i

) Si. l d oil .lo th . I wi t'ho- , - I i vl v l)
Se'll .I tlV I ll I t t w'' 1 t t , -; . 1 w lIw p ll'ti WI ' (i I itl I'llfCook ing , o it ithI S- - - - - - - tO AC( t' t-lh I ifi v tI i.1" W ilit 1r, . .. ,t I Ili Ill 1 1 Iln

T e ~m p . , ° F - -0 . . . . . "1 . . . .V.. . . . . . . . . . . i a N C I I .i t t l .I t t t I , l l I , 1 1 ) v . , l v.I I % It t l l l V l ,,I l .

. ... . . . .. .. ... .. . . . .. ... . .. . . .. . . .. . .. c iuvs . 'lh , , t 1 t i IitIv ItI k i I w,i,; <,o d o,.t ,- ,l v CA R FE -
WtuSt B,11r) , l ill to i!. . r l ih , w ithI tl. It, Ind i., I)h -.t,-t It.

(;.ont rol1 1.64 1 .98 6.79 331.56 35. 71 3 Asso('I i 1-tionl. I III-(- hut!lid ,d h lr, h 11 .I. l( )J, i l an, 80J-

(9.76)1 (8.80) (7.95) ( 0.49) ( 7.02) gram ratitoi tit ,iv htr lour wick!;. IIw r .l,-to-t.it

tootd ti it0 hi ,h v ,i .titi ll ,, ,otld hlildrilt t it-ret it
220 1 .67 1 .69 3.65 6.89 to the porr id),t. ttnid Itoln whtl ;u ii nottlla I I r w vvI

(5.26) (5.48) (6.12) ( 6.85) Itt Lht t'tlteri.

250 2.52 2.10 4.50 4.42 8.03 'lirotighttitw the wtr li it tttlil (ott 'ii ri.ady-to-
(4.74) (5.00) i ) .56) ( 5.82) eat and i ll Vttiii( lod; ik ii, riisitg raplidly. TIt

c280 o1 12 LiulntInpt It IIo hrta ,itl (I . tcit it htat; Ii(- r,;ite I
2e0 1.51 1.23 Sveraltold in lndia drhii It(, (it;. two dei;ihit; ai

(4.56) (4.52) indicated in "T IblI VIII. lh re a; bl t en ;i 25(07
incre.Sl' t, in hrt,,d pliodtictlion ll t ,, llt , 1 900(6('s-. It1IS-

300 1.83 1.50 cuit s "tt ire-i d tidvtit , It n i, li t l and so
(3.46) (4.10) penetrate deeply iInto Ili rtural arteas. But the trad I-

ti(nal stiat(k (ittitd; t, i;ired ftittt rite tire iii teti over-
Figure within parentheses indicates corresponding rooked. TCi thrfet pritcipal rteidy-t-tat foods r ri

moisture. rice are the pu t l rice (murmurs ht'Itt'll rIce
(chura) alind l tir e paddy (kitel). I'litsIt. tire mist I y
prepared In hlome-scall. or cottage-scale Industries.

89



Table VI . Ir Ia Ii (in Brady 100 (.rop (.oiker (lip - 100, rpm - 580)

Itaw Ma t I. r Ia I c, I'rot. sln Cond i t Inn s Final rodUct t
Compolli I l In Steady State Average Average Bulk Density, g/n

Number Partn by We Ight Temperat tire, *F Moisture Density, g/ml (mean + S.E.)

16 degertned corn 0O
wat vr 10 300 6.1 0.121 0.201 + 0.023

17 parboiled rice 1NO

water 8i 285 6.0 0.131 0.224 + 0.0213

18 ml Io
(.';c'I Jl'cc! r O .

1
'dct ' 100

water I) 280 5.5 0.140 0.232 + 0.014

19 wheat 100
water 12 320 6.3 0.26 0.553 + 0.0186

20 dr ied tapioca chilp l0)
water 10 290 5.1 0.1643 0.269 + 0.0132

21 wheat 75
dehunked Bengalgrum 25
water 10 120 4.85 0.276 0.616 + 0.0098

22 wheat 75
dehuisked Bengalgram 15
salad oil 10 110 4.5 0.437 0.912 + 0.0256

IAII ingredlents P.round to pass through 20 mesh.

As much is 1lii of tho rice grown in the country is
utiiIze'd Ill pld o i tc of 0) 1 se commoditiLtS, s o nearly
4 milhon tons of snack toods crt madt from rice.

These products are il g i'v en to thII( rt' it ti)ffl-ent
TablIe VII. Estimate of Processing Cost In Brady #206 1rms. I I. i i IIife i I h t to cnttnstimtd ill vIIlages

Crop Cooker i tor so,king t i '. I o r tn\,' niit in .it Ing.
A mixed, Iricti !ttacl, (it l.lit'd troll stOV, cv . Ii ttn rice,
grounlldlt t , , I t ,c. )c, bh )W'll 'Is -,1it1i c llll, is

Capital lISi ttii nltil i.' t ot I ,ll t",C '- I t t, lV; . 1 l id ]itt)

pIll) f e t) I 1 r'i t[ n ,Lt; ol, Itc'n Itv nih 1t , 111 t Il.'

Land Rs.100,000 itt cii ;itl 0nd I I t , t , itF r ilt, hiltdr,,1 it is a
lt kl .' t t oh d .ind i!, ii, o catein it t i i I i it time .

Shed and building Rs.250,000 PmtI d t ite, is ;j widlvI. acciptcd t) rittt i1 West

Machinery It11nI. 1lt titL "tklttt. Food iii ) tits Stilv" it was
revealed that 4 t)O ,i] I hots;CO h dS tttisume ituf-fed

xtruder Rs. 80,001) rice rtgularly. StvCit Lttitq percnt of Calcutta's pro-

Motor Rs. 60,000 school childien t tputfed ricc every dav and poorer

Ancillary equipment Rs.209,009 children eat relatively moro of it.

Rs.690,000

Running Expenditire (annual)

Table Vll. Bread and Biscuit Production in India
Salary and wages Rs. 60,000

Electricity and other utilities Rs. 80,000 Bliscuit Production, Bread Production,

Maintenance Rs. 20,000 Year tons tons

Fixed charges Rt_.120,000
Rs.280,GO0

1950 ....

Total Material Processed Annually 1951 15,864
(2 shift basis) 1,200 tons

1959 19,668 -60,000

Processing Cost per Ton Rs. 233 1967 56,424 --

11970 62,196 165,000
I rupee - 11.75 (U.S.) cents

1971-72 -- 198,000

1973 70,175 --
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Ext ruded low-,,st roa.l+ , -to-ttat !Icks mait h--t ,tllt I III ! t I I I at toii i rit .miv kilnd, ot lotval Iv
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tial for uinlg t1e t-teIdL-to-s.lt 0,1, I I inst itsilt ion 11 . lt l'hl\ tit,- optiliim lriiii .trt .1d

feeding is greiter. N i:it con ,, t t IIt , p upi I i- op t !hi. tl :ro I itki Iv COI t -lit 1 lie 1it t AI iils

tion is below six V t s Ot I A!'OtU 10 1 i I I oll cosmbi. t , 0 ,, W l, lIill .i .ell Si Ill o de1 10

childrit.-I ,,i, .n pI, pr-,., !,, I - i A ll,g. An l' l i ot110a 'ill .n AreptableV ptrdUt.

mill n n eti I stre it, in tI t i:, i uir 5i W+tt,'sfl I, il
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covireid by thlt, tillt r i tion pi x,, le . ii• I. ts IisI- is
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programs, aIlnd IO .,,-CoSt I Iie dv-t'-eli -i-. i t t lie ili- it e.-; it v\i I I ssit i 'ssk v lugk , I itl" i Ioir A si
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Exploration of Potential for Low-cost Extrusion Cooker In India

D. K. Gupta
CARE: Uttar Pradesh
Uttar Pradesh, India

INTRODUCTION these methods has its drawbacks. The Madras system
requires daily distribution of a hot meal and it is

Ready-to-Eat (RTE) Food is a relatively new con- very expensive; the fried noodles require a great deal
cept in the history of Child Nutrition Program in of oil; and the dry-roasted products usually require
India. Since the inception of the CARE-assisted Child the addition of expensive sugar.
Nutrition Program in 1960, food has generally been
distributed in a raw form to the rural schools where It is against this background of experiments in
it was then cooked each day and served to the children, centrally prepared food that CARE imported a Brady
Although many millions of children were fed daily with Crop Cooker in 1973. The main objective of this
food prepared at the schools, there were numerous experimental program was to try to develop a product
problems involved in daily preparation at the feeding that would meet the criteria of long shelf life, high
centers. Fuel was expensive and scarce In the rural bulk density, low cost of production and acceptabil-
area; cooks, who were either volunteers or received ity by the children.
only a small honorarium, were often unreliable; cook-
ing facilities were primitive nt best; and the head-
masters had to take time away from their teaching PAST AND PRESENT EXPERIENCES
duties to supervise the program.

During 1973 and 1974 different experiments were
To overcome these problems, experiments have conducted with the Brady Crop Cooker with a variety

been conducted with various nethods of centrally pre- of grains and mixes. Corn and oil; corn, bengalgram
paring food. The advantages of a centrally prepared and ground peanut; corn, soy and oil; whole wheat,
food are numerous: gram and oil; whole bajra (millet) and peanuts; and

tapioca (semi-powder form) and dehulled crushed soy
1. Central cooking is more hygienic, there are were all tried. (See Table I for formulation.)

fewer losses and accounting is eesy.

2. Central preparation helps insure more
regular feeding.

3. The time needed by teachers to supervise
the program is greatly reduced. Table I. Formulations

4. Because of the quality control, centrally
prepared food is often more acceptable to
children. 1. Degermed corn 85% 90%

Salad oil 15% 10%

However, in order for a centrally prepared food
to be practical, it must come close to meeting these 2. Degermed corn 70%

varied and difficult criteria: Bengalgram 15%
Ground peanuts 15%

1. High acceptability by the children. 3. Corn 80%

2. Low cost of production. Soy 15%
Salad oil 5%

3. High bulk density to facilitate transporta-
tion to the individual feeding centers.

Gram 15%

4. Long shelf life. Salad oil 10%

Past experiments with centrally prepared food 5. Whole Bazra (millet) 85%
have included uppama (a boiled food similar to riLe) Peanut 15%
in the Madras Central Kitchen Scheme and such RTE
products as extruded deep-fried noodles (sev), a dry- 6. Tapioca (semi-powder) 50%
roasted sweetened product (panjeeree) and various Dehulled crushed soy 50%
forms of biscuits. Unfortunately, however, each of
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With almost all of these combinations there was Table 11. Variations and Analysis of Wheat-Dal
the same problem of puffing. Each of these formula- Product I

tions, when suddenly heated, expanded or puffed. When
this puffing took place while the raw material was
still in the barrel of the extruder, the machine jam- Basic Formulation
med. If the puff lug trok place as the product was
extruded, there was a very low hulk density to the Wheat (Tritlcwn aceativawn) 75 %
final product, and this Increased delivery costs and Channa dal (Delic.ha bifZorus) 25 %
storage problems.

The puffing of the product also caused the feed Spicy Variety (sprayed with):
auger to ]am. Puffed material would back up in the
machine and quickly choked the hole at tie top of the Salt 1.0%
extruder through which the fetd auger supplied the Mineral salt 1.0%
extruder screw. This blockage would also cause the Red chili powder 0.5%
steam to escape throuigh the supply holes rather than Black pepper 0.4%
through the end of the ext ruder. If either of tile two Citric acid 0.2%
screws Jams, then the cooker most be stopped Immedi- Salad oil 5.0%
ately, and the screw must be disassembled and cleaned
thoroughily. This Is a time-consuing process and can
be very difficult If the molten foodstuffs in tile Sweetened Variety (coated with 10% sucrose solution
extruder barrel congeals and hardens before the screw on final weight)
is removed.

The annular (li also a l lows little control over Analysis
tile product shape or density, and this is a limiting
factor when trying to control the problem of puffing. Moisture 2.58 2.98

Fat 3.60 0.90
It was also found that when attempts were made to Protein (N x 6.25) 16.00 13.31

produce a More Ohog eneous product by using a finely Crude fiber 1.76 2.80
ground raw material there were problems with tile food Ash 2.68 3.22
auger clogging. 'l'hiS ililnited tile types of material AvaiLable carbohydrates 73.38 76.79
that coul be Used, as hothi moist and (Iry types of 100.00 100.00
flour mixes auseid cloggin g.

Energy (calories) 400 378
Eventually, a fairiy satis;factory Product was

developed using whole wheat (',. ' '' ' iiZt'") and
channa dal (!', , ",:), a dried pulse similar The product was made on the Brady in the form of

to dried lentils. These were nixed in the ratio of blended, uneven, irregular chips. It was broken

3 to 1. An 80-grai rathon of this mix provided 300 into a regular size and spray-spiced or sugar-

calories and approximately 12 grams of protein. This coated.
Is slightly below tile optlnum recommeuded as a supple-
ment for school children, hut it is still within per-
mIuslble limits. (See Table II for varieties.) In comparisons with the most preferred food,

responses indicated that 73% of the children felt that
Sweet ath sp iy writions of thi is iix were tile spicy variety was better or equal to their favor-

developed, aiiii various uxverlinen l5 were conducted to ite food. In the case of the sweetened variety, 58%
determine both tile shelf If e and acceptability of the preferred the extruded product to porridge. In terms
product s. In general , it was found that extruded food of texture, both formulations rated about equal,
(chips) would remain crisp for three months if prop- although the spicy variety was slightly preferred.
erly protected in polyethylene laminated woven bags or
containers. The initial ration used was 80 grams, but it was

usually found that only about (.0 to 65 grams could be
Acceptability trials were conducted in five 11CI eaten at one sitting, without takin g water. The rest

(Motlher-Child leal th) centers, and from each center (15-20 grains) was observed to be taken home and pos-
60 children were chosen randoily over a period of four sibly shared with other fnil ly members. In view of
weeks. The basic objective of these trials was to the fact that Lilt full ration was not usually consumed
determine tile accepltahilitv of tile sweet and spicy at one sitting, it was felt that a ration of 70 grams
formulations. Tile term "acceptability" was taken to might be more realistic.
denote an overall acceptance of the product by the
children. To facilitate quantifying the degree of Finally, in a general comparison--taking into
acceptability, tile following attributes were taken account the three critical attributes of general
into account: acceptability, comparison with the most preferred

food (porridge) and the variety preferred--it was
I. general acceptance found that the spicy variety of extruded product was

the more acceptable of tile two. This preference for
2. taste the spicy variety was significant, as its cost of pro-

duction was considerably less than that of the
3. texture sweetened variety.

4. quantity sufficiency During the course of CARE-India's experiments
with the Brady Crop Cooker, a number of problem

5. comparative analysis with the most-preferred areas in the proprocessing stage, processing stage
normal food (porridge) and post-processing stage came to light.

94



Prior to the raw materials being fed into the quickly in hot, humid countries unless they are cooled
auger, it was premixed by hand in order to provide a adequately and protected by good packing. A cooling
free-flowing mixture into the machine. This type of system may be necessary in some instances or during
hand mixing was time consuming and unsanitary, and certain seasons. Another factor which contributed to
there was a problem of achieving uniformity in the the problem of low bulk density is the curling of the
mixture. A uniform mix was particularly important chips as they come from the extruder. These odd
when there were so few ways to control the tempera- shapes make it difficult to pack the product tightly,
ture, and it was essential if the cooker was to pro- thus increasing storage problems and increasing

duce a standard product. A premixing unit that would packaging costs. The provision of a rotating knife
automatically add the proper amount of moisture and might solve part of this problem.
thoroughly mix the ingredients woul do much to
achieve a standard product. Also, if this premixing Although thls paper has dealt mainly with the

could be combined with a gravity feed system, then the problems that developed during the experimental period,

output of the cooker would be Increased and production the general impression of the Brady was positive. The

costs would be lower, studies and tests conducted in Calcutta with the Brady
have shown that the processing costs, when compared to

Processing problems mainly revolved around the other RTE producthion methods, are ext reme lV low. The

puffing phenomenon and the factors that limited tile spicy chips have a high acceptahillit v among children

kinds of materials that the machine could effectively without the addition of costly sugar. With proper

handle. One of the main factors her- was the limited packing and storage the sheif lif e Is ileqite, and

control that the operator had over the cooking proc- the potential of a 3,01O-kg-a-da product ion capacity

ess. lie can control the temperature only through makes the Brady economical in t ,rm-s of the capital

changing the (lie opening or changing" the rate of feed. investment . There are still prohlem s to be solved,

If a heat-control system could b included in the modifications to be made and additional equipment to

machine, it would be much more versatile, and there he developed, but the trials in India have shown the

would not be nearly so much time and maerial wasted Brady to be both feasible and economical.

at the beginning of the day in getting the machine
adjusted.

Fine materials and floury products, either dry or QUESTION AND ANSWER SESSION
moist, which facilitate the production of a homogen-
eous product tend to get stuck at the end of the feed
auger and eventually cause jamming. This inability to Mr. Sonaggere:

effectively handle fine materials limits the selection
of raw materials and recipes. If some method could be What was the cost per ton of the food?
found to adjust the extruder so that it could Utilize
floury products more effectively, then the versatility
of the Brady could be greatly increased. Mr. Gupta:

Puffing created a product of low bulk density, Production costs came to about 233 rupees per

and puffed products tend to lose their crispness ton; in terms of dollars, $25 per ton.
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Exploration of Potential for Low-cost Extrusion Cooker-Wovldwide

Mark Sterner
Meals for Millions Foundation, Inc.

Santa Monica, California

INTRODUCTION TESTING TIE NEW DESIGN

Meetings such as this one are valuahle, because In our work directed toward texturlzation of pro-

reports from the field relative to problems encoun- tein, our first attempt at applying tilts priniciple wis

tered help us who are working with designs of on a Wenger X-5, a; machine with i one-Inch d iameter

machinery to address those problems in a form of screv,. Previouslv our experi'L'e, ;Is w llI. tiS t at

engineering. otherx:, would re.port srhot itirst S at xt t ired vg"it a-
ble prctelu prod ct Icrihd, l 'I oi tht- die, hut wo- would

Extrusion technology has long held promise of never experliente eloilgi, .t i it v to -- 0r at u

being able to offer itself as a tool in developing data. tiowevlr, il otily ir!;t It upt .t tI I I'-':1 1ln wil

countries for tie prodIIct ion of highly nutritious, t he new screw dets ign , ,iii C.- hid titl i 'Adid ti ' coI-

low-cost foods. It has for many years ren ined just rct't wat l" ild ITcla I atli' ll.; , we lhi ; i ii, i1i

this--a promise--and tlire are still reltlivcly few within out ini ute oI ;tIrtp Ind Hnlinltilhd tet,×u ina g

success stories in less developed countries (LI)C's). without further ad jlO;tellt; 0! m nitpli l i tio l Of 1,il-l'l

The questiou is "Why?" From the point of view of tenmperature . 'telpt 'atu' i irdlicnt a loig, the I 'ugtlh

Meals for Miltions, there are two Mla r answers, of the barrel reilineild c'lStIlnt Aul r';Il dl rnl l ,1m 11 -

ent at tilt, inle~t , rrIltll Iv increaslng, to a out 1 o11
'

at tiL' outlIet. We not iced an lditional hiilitfit ol

DETERRENTS TO TIlE COOK1N;-EX'fRUDER IN .ID 's 1ess p)owLr i'01nsulnlltt i(i (25, ' Iiss) tor ,i I vin

t lirt'ughpiit
The first deterront to widespread application is

capital cost. Versatile cooking extruders used in the Real izing thiS slic'ccis, we lriet a screw with tie

United States for t'lllerI tirlt pr lllt itlon of hlman food sa il,' s , d ts Im ich t't'ist ics ftl .1 Spl'oiit Waldron 4YPt

are expensive and1 gtller yl IV 1111 fol'd;lbl 1Y ;I COlipany cookiln extr~ldIer, ;1 llatI'llti with a it it 2la d One lI;il -

or a food (level opment lalhl atory in liC's. Even tile inch diineter screw. Whoeri's we hahl never been I[all

low-cost CSU ultit ).comlies less So, as Vou Idd l ilt, cost to textulre protein oil this mati'hli before, we were

of a diesel engille. lard ctlrI''nCy IrObIltl1L, Of able to (to it with Silatr stalllity as eX1thrie Ced

LDC's generally add L tie dilemma and, of course, on tlte modified Wenger X-5.

with imported equipment tLhere is always tIle, problem

of getting replacleluit parts oil a timely basis and

with reasonahble ease. MF-'s NEW LOW-COST COOK).<ING EXTRUIIIER

The second answer is of- a clltural laturo. fIe Convinced that our Screw designl had overcome tilt-

industrial coun tries have long been accistomed to stability problem when texturin protein, we set

working with tile machinery and have tie necessary about solving the otlhr proble, of high cost by

expertise to keep1) Itll Ioperation. lDC's have less designing a low-cost cooking extruder. The work Is

experience in this area. A cooking extruder is tra- funded by a grant from All) tlough PACT. Our design

ditionally unstable in operation, especially when standard is that

texturizing vegetable proteins. They require a good

deal of artistry to make products that consistently 1. using a 2 1/2-inch screw, tile machine will

meet even minimal quality control standards. texture protein at tile rate of 110 pounds

per hour with an energy consumption of less
than 15 kW per houlr;

HlOW TO STABILIZE TIlE OPEIATION
2. the same machine withI a different screw

MFM took a serious look at these problems and design will gelatinize starch, exp'tnd

went to work, first on solving tite one of operation cereals and cook 1egumes at a rat( of

instability. Tihe solution we found rests primarily throughput on tile order of 2 to 10 times

in redesigning tile screw so that free vapor could not that of textured vegetable protein;

interrupt the inlet feed or surge through the outlet.

No scientific equations really hold up in extrusion 3. it can be machined and fabricated in atty

cooker design work, so what we are doing is applying IDC having a simple lathe and vertical

artistry to the design so that operation can be milling machine.

reduced to a science. Control was achieved by devel-

oping a screw with a double flight and Interrupting When it comes to the cost factor, there Is no

each flight one-half revolution every one and one-half way you can reproduce a single machine situation to

revolutions in an alternate fashion (Fig. 1). compete with tile cost economy you can achieve by mass
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Figure 1. Diagram of internal screw for MFN extruder.

production. We, however, have set as a goal that A frequent problem of prototype work is the new

this machine can be built with all of its versatility and simpler ways of achieving the same end results
for $5,000 or less in the United States. It is now which keep presenting themselves, tending to make the
near completion, and we are under the $5,000 goal. original design obsolete before the prototype is com-

We expect to top out at about $4,200 or $4,300. In a pleted. Such is the experience in this case.
developing country, I believe it could be built for
approximately the same, because our labor rate is
much higher. however, their steel and so forth will TRANSFERRING TIll ECIINOLO;Y

be higher.
On the basis of current interest, MhIh has set an

objective of transferring the technologies of extruder

design, manuifact ore ;ittd utilization to 20 LDC's.

One of the things we are doing is to develop the Field machining, fabrication and testing of two units
power train ad the bearing housing from tle rear end will commence just as soon as testing of the prototype

and transmission of an automobile. We are using a is completed in our pilot plant. )r. Harper has
compact automobile, because most developing countries kindly consented to further evaluate this unit at the

have that size available. Use of such parts enables CSU pilot plant. The first two countries, tentatively
us to ohtain rep lacemients locally and to lower the selected are Korea and Ecuador. In Korea the fabrica-
cost of producing the extruder. The transmission of tion and testing will be carried out by the Korean

an automobile also can be reversed to unjam the Institute if Science and Technology In Ecuador,
machine, because the direction of jamuning is toward Meals for Millions has a project to produce a nutri-
the outward end. if you reverse it slightly and open tious instant colada (a thick, strawberry-flavored
up the die at the end, it will clean itself out drink made of rice and soy) for the target population
completely, very rapidly. of children ages 0-6 in Guayaquil.
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THE NEED FOR AN HISTORICAL PERSPECTIVE "SECOND GENERATION" FOODS - A MUST IN LDC's

Meals for Millions believes it is of crucial Eventually thl'ough trial and error, some of it
importance to view tbe subject of low-cost extrusion costly and discouraging, we came to realize that the
cookers in the broader context of providing realistic real answer to successfully penetrating local eating
solutions to world hunger and malnutrition. It is habits withl a nut ritions food Is withI what I call
for this reason, that at this meeting of interested ready-to-eat "second generation'' foods (the "first"
parties from around the world, we feel it Is tie generation being the so-called "poverty" foods
appropriate forum to sounId a note of caution as we mentioned before: Mill", CSM, etc.).
view the potential for low-cost extrusion cooking.
While the technology exists for production of low-cost, A cooking extruder Is; very usefil il developing
highly nutritious foods, we must understand thot each second generation foods, low-cost, hIgliIy nutritious
country has a unique set of circimstancos that goes foods nteed 1ot be sviinvmous with powdered foods. The
beyond the availability of raw material and technology. real answer, we fountl, Is to look at the marketplace

(even donation pr,rams are truly a market) with a
completelv open milnd aid as few parameters as

To reinforce this point, T am going to review possible.
some past history. In its zeal to improve the world's
nutrition, Meals for Mill ions made some mistakes in
the past--mistakes from which we have learned our- TIE KEY: MARKEl TESTING
selves and which, I believe, can serve as valuable
lessons to others anxions to impart iwhat they feel 0are Conducting a thorough market st idy to determine
"perfect" solutions to this hungry world. Let me give what kind of food prodict ought to he developed for a
you a brief summary of our experience: Meals for Mil- given culture is not a luxury. We be I le it to be a
lions' product, ul ti-Purpose Food (MPF), aI1though necessity. All too of teLL a la boratory IevOlops a near
less well-known, predated by 10 years or more other perfect lLnutritional food, iiid Ilcause It C,11 It' made
low-cost protein concentrate meals such ias Incaparina, inexpens ivel y, alld I)ecaluse IaW m;til. I ;l], I X t Ioa II,
Fortifex, Arlac, and (CSM.l and tie like. In 1966, 20 a decision is mde to prodice ain i eilie prodhLct.
years after Meals lot Millions' charter and ;i equal Elizabeth Orr, tt topic.iI P-o.t IC ; In 1;t irate, has
number of years' experience in worldwide donor- been most III ieL.nt ill o I I owi IT', It. I I '! 11 1 i L' I 11l';e

supported distribultion of the product, we began serf- kind (1 offortsi. dhue ht; c 1C i ) to Ilh- to l i i, ;iit that
otis efforts to transfer appropriate tichnology to pro- the reaison thset, produicts have I:iii. to ett tilitlr-
dItCe P11F from existing local resources. That was tie get if wide, cci i [l ie is tloa ; l., i: fil .f ort
same year that our pilot platt, laboratory and train- to find (it til. bisic (';It iof h;1itb nd mt11 l f reclies of
log school facilities were constructed in Santa Monica, the targ.et ipoiiptllt ia .. \ coa, in1 e,.tltliiler m;ci pi odiuce
California. low-cost lmitlit iote; fe ds thlit w'oild in i , I t please

.he t0inulltion sotl l fo itrin nutr tiotl l t c i Ic ielicles, If
only we would fitst .let ermille trom 1110 Oi lt iii cOil-

Since the problem of malnutrition was already a stLmers what tHIe whlit tL eat blole we create it Ill
global one, we were operating under the then-pa pular the laboratory.
American hypothesis that a model, mass-produced 1111F
plant, with some flexibility, could be installed in
LDC's to make MPF from locally aval labile oil seed APPLICATIONS FOR TIlE FUTURIE
residues. Il tLie classic American tradition--blinded
by wealth, optnisnm and altruisotic mat ivation--we Meals for Millions beIlieve that tie products
failed to take seriously the fact t hat tone of the developed by low-cost conk ing ext rs iou t eclhni ology
above-ment itoned prodicts was ci cOInIercial success on should meet tie type of criteria outliled above amid
its own merits. Withou t massive government tin(] pri- should be subject to r igor'm'; mlrket test Iig before
vate voluntary organizations' (I)VO's) efforts, product they are to lie part of a1 disi I biitioni schteme, or for
distribution languished. the commercial larlcket. If we cipply the tLihnoliugy on

tie has is of need Ilttdi catILLd by a llalriet sitiud y, we will
In those times, local governmets were occupied see more success whicli will spur ;Ili evlu greater

with implementation of grants to build colIntry infra- deiand for low-cost extiusiot cooklrs worldwide.
structure, so it was difficult to interest ttem ill Failures disciurage tet'hliumlnV pri ilercition. SuC-
paying much attention to the nutritional problems of cesses elCOUirage W i'er 1ice opt icet.

their people. Meals for Millions edeavored to bypass
that probl "m by interestinlg people w tLh a little capi- Specit ically with respect to the development of
tal to go into tie production of MPF it, their own a low-cost extrusion eookel , I"M lie ieves it can pro-
LDC's. These shrewd business people consistently duce i secolld desigil even los costly to make, yet as
asked one tiagging question: "flow many plan's are pro- effective ;ail] rugged ;is t prototype flow nearing cost-
ducing MPF in the United States, and how much is being p)let iou . ()Ur ideas, we adim It, are novel and need to
sold there?" Our somewhat inadequate response (cis be proven. They are as novel Is itsin ;i short, square,
that since Amcrica is not deficient it protein spineless tube for the barrel and elliminating tle
resources, there was no need for tLie MPF product power train. We plan to tes t the se new cn)tcepts Just
there. Tiat sounded reasonable, but the truth was as soon as the current protype is out of the machine
that nowhere had MPF ever had a commercial value. shop and undergoing tests In otr pilot plant.
This is a most important point, for if a product has
no money or exchange values placed oil it by the con- You have heard of the desire for solutions to
sumer, it is because people don't want it for one field problems. MIM's energies are spent doing just
reason or another, that.
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Food Production Applications in Sri Lanka

Justin R. Jackson

CARE: Sri Lanka

Colombo, Sri Lanka

When the Thriposha Prcgram started in Sri Lanka The production aspects of the program were also

we knew that the odds of success were against us. initiated on a pragmatic basis. We did not begin by

There have been few successes and many past failures designing a pilot plant or importing machinery.

in developing, producing and marketing high-protein, Rather, tile Ministry of Health selected three well-

low-cost infant cereal products. Nevertheless, we known firms with reputations for their qiu.lity prod-

decided to approach the problem on a pragmatic level. ucts to repack an imported product. 1tL'l Iy IV.

Thriposha consisted of 1I).. wheat-soy blend (WSl). It

The Sri Lanka Ministry of lealth and 'MIE with was therefore necessary to repack It from it standaid

the concurrence of USAII) (the lionlit Irs of t..,, over- 50-1b, P.L. 480 hag Into new, smaller ph i " hic g.

seas distribution of P.I.. 480 Title 11 com ,v '
t 

ies) This process relied etirely on local tackal; il 
', ficll-

decided to begin with a medically selected recc0 ient ities. Even tile plastic bags were mannf;actured and

program where a two week (750 gram) t;ike-home ration printed locally as were the master 4-ply lKral thig,

would be distributed without cost to the recipient into which the smaller plastic bags were psick-d.

through flealth Clinics and Estates. But unlike many

take-home free distribution program;s ii other coun- At this stage ill tile doveloepment of the program,

tries, tile recipients would be given a product in an a great deal of tLite and e fort w; dvol ,d to working

attractive plastic ho'; whicl would be packaged at a out the many supply and product ion prohleis ai;sociated

central packaginlg operat ion and distributed island- with a large-scale programl oi this natlire. lra- of the

wide through tile Ministry of lealth's other-Child initial production problems encounteired wa ; ilsot-

clinics. This contrasts with fret distribution pro- Lion. We knew that it Tlriposha wa; distribultcd witl

grams in some other countrit-s where tile recipients are weevils we would lose tile prograll )vcnil At the

asked to bring their own containers, and the commodity time of our first infeoitation itt-ok l o oed dewh

is literally dished out at tile center. all production opIlrtions ;ls ( tundertook a thlcoilgi

cleaning of tie far'ilitifis. Il oddil ion1, we irstf-

Tile packaging, of TIriposha is central to its sue- toted a regular Ir!evelnit lrhrili( ofi gil I ing the

cess to date. It provides value and dignity to the imported cemllodities; as reon as they arived ini Sri

recipient and also relieves tie aIready overworked Lanka. For this we used a product of prof rvel re I Ia-

medical and clerical staff at tile clinics of the bur- bility and saflety, I'lostoxiii. We ire present IV plln-

den of having to measure and handle an unpacked ting to i nstall 111 entoliteor it the end of the ilIend-

commodity. Ing line to insure t hit neiether weevils or01' their eggs
creep into tile product belore pacl:aginig.

It was also decided to provide a name for tile

product which would give it local identification. At this point, however, we had only a repacked

First the name "Bafoc" was used. But when it was imported product . The n.:xt pisb efl our program was

realized that "Babbec," which means baby in Singhaila to blend loa l ccreaIs. It was ftc ided that the local

and Tamil, also has tile connotation of 'being with cereals had to lie prc-ooked to I isuit that tile enti-

child" tile name was dropped, andt a search began for product would be digestible for intllLts. *,t wuld

another more suitable name. Finally, the name also facif itate hili prplrelit lol. ifort rlltcly , no

"Thriposha" was found acceptable to the national ext rus ion f i I it II w rt, -vat Ia Ile. F. irs t we t r Ied

languages and also conveyed tile triple utrient value parboil inrig tile cereals--witi I -,siIt d sricres.; The

of the product. process did not cil fl0te V g,litiiiizc tile starchcs,
and tile end-product lIsd uialiC t Iit lhI' lractt-rfial COUntts,

We feel that because we gave tile product a local We then hit upon It oc-'ro ls acI tig i. ( reals. hut

identification--a name and a package printed in three unlike toasting and ro,.tlit--a process sumet imes

languages of the country--we increased its acceptance. used--we made a wet doplh eriu baked the ctereals like a

In fact, in less than two and one-half years we are cookie or I scit. fhi ssr ; as I ; ible becatse

distributing a product which is known fit 96% of tile one of tlie selected puckers wis a his, ii manu[acturer

households and has byen used in 82% of tle low-income (Ceylon Biscuit l.td.), li i addition t, a tinodern oil-

homes on the Island. Last month we produced and dis- titnuouS production I ln , they al.'. I1sid ", smi IlI-r btch

tributed the 10 millionth packet. line which could acceF, tilte IoC coere i - (I migh -icI left

did not behave like regla flour dotn;lt. \Io i2 i

metal cast ing shop ln/iattlictured a gi tl r to grid

the baked biscuit back into a powdtc.

'rie next problem was finding a suiLtalle bender.

lDetermined by the pre-market survey conducted by Again a pragmatic solution wall found by using two

Sevum Seva Market Research Service for the Thriposha mixers originally designed for cement. At this stage

Program during November 1975 tihrough February 1976. we were incorporating cooked local cereals with WSB.
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However, we soon reached our baking capacity for this

process and were 50% short of our target of blending

20% local cereals with 80% WSB to produce Thriposha.

We needed to f id a solution for increasing our

capacity to process local cereals. We tried to bake

them on a more automatic baking I ine. but the dough

was tile wrong ons1steivy and did not hold together.

Fortunately we learned that Mr. P. R. Crowley, Direc- J

tor of the Nutrition and Agrilbusiness )roup, USDA, was

schedled to visit Indonesia, and we asked that he be
routed through Sri Lanka on his way. With Mr.route On. i
crowley 's eniiouraem, nt, we requested CARE-New York to

purchilSe a lrady 206 (.ooker--xtruder--fbr obvious

reasons we do not refer to it as a crop cooker! Colo-

rado State University, with fund!; provided by USAI) - .

Lbrough USDA, aigreed to dts ;i gn [he e:t rus ion facility

and to purciiase the neissarv spprt equl ipment . Dr.

Judson Harper and r. Ionald Tribelhorn spent 10 days

in Sri lanka during .lily 1975 to conuiilt with us and

to design the system. The eluipent was ordered oil Figure 1. Cablevey conveying system and Read bulk

their return to tilet United StateS. CARE-New York storage tanks.

acted as tile central receiviig point and crated the

equipment for export to Colombo. While awaiting the

arrival of tlie equipment, we undertok tile prepara-

tions for the luistaIllItion. The siipment arrived just

before Christmas, and it was cleared throigh customs

and inventor led on New Year 's Eve. _ i h

Colorado St;ite University hild provided detailed Lip

instructio n a;ld Inostal Iit lIol p)lans which greatly

facilitated tile as;sembly)I. Up)0 tile approval oif the

tOSE, the system was Iistal lid at tile Cereal lroducts

Factory in Kindasale, H0 il le, f ri Colombo , where the

,c e ae Is i C I Cau,,lidi , 101111e l Mid lI'iltly po-

iSliel to remolve lim SoU kI the If hle r I im tie gra ini (aprocess cal led pearlin g) The CSl-d, sTned system

conslsts of a cable ,tiolevor (Cahlevey) to carry tile
pearled grain to bulk itora, tanks (F~ig. 1). These' , 7 i +% :

tanks act as sulrge tnlllk; so that thelre are sufficient

materials tor pi rod;It in at I I I t .ies Conulnected to

the storage tanks art, augeis ( -crew ciolveyors) which

transpiirt the( gra in ill a Mil 10ern Mi I I (Fig. 2) . Th~eA

Modern MI I I acts 1; a prpolrt ilioner and grinduer and can

blend up to li0uur 'eC-ii IS ;111i1 IL' ,ITll5s to be extruded. , "%.

The pregrindlng of tIll gralii makes it easier to

extrude and alIso A tollrw 1 ftr mo- hol0mogelleOUS cooking.

From the Modern Mill the ),rai, which is now of grit- Figure 2. Operator taking readings from Modern Mill

size particle;s, Is conveyed by augers to tile Brady Model 400.

cooker/extruder (Fig. 3) . The Brady obtains its power

from at 125 lip Ciunmins diesel engline which has a

special transmission for the operation (Fig. 4).

Water Is adiledl to th grain as It flows to act as a

lubricant to keep it fron plugging. As the cooked

cereals come out ot tile extruder, they expand. Steam

is given off Is the ititue content of the product 'A

drops fron. 14 t1 16%; at tLhe iinh t to 7 to 9' at the

outplut . The ciookeid produclit , Whih (11Ci; Imes iii con-

L Inuous rillion, is ct into smal I chunks and conveyed

to i coiiler/dryer (Fig. 5)ti Uurtlur reduc-e tile

moisture Contelt llnd tL temperature. From there the,,

produict enters a Prater liai ier mill (Fig. 6) where it

is pulverized. Finally, it is tconiveved by augers to R1. .. 40

a surge tank f rom wli 1 ch it is packed idnt a O0-pound

bags for transport to Colombto, where it is blended

with WSB and packed for ilistributlol, l:i,)

When the equipment was nearly installed, Mr.

'fribelhorn returned to Sri Lanka to assist with the

Installation of the augers and the clieck-out of the

complete system (Fi,. 7) . lie also trained the opera-

tions personnel ii) proper operation and maintenance

(Fig. 8). The system was in working order by the

middle ef March--only 10 months after Mr. Crowley's Figure 3. Personnel making adjustments on the Brady

visit. cooker/extruder.
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Figure 4. Cummins diesel engine used as a power Figure 7. Thriposha plant in operation at Kundesale.
source for the Brady cooker/extruder.

Figure 5. Dorsey-McComb cooler/dryer and the Figure 8. Thriposha plant operator performs daily

electrical distribution system. maintenance check.

Sri Lanka is now one of the first--if not the

i .first--countries to use a low-cost cooker/extruder
for the production of high-protein infant cereal on

a large-scale basis. It has not been done without
encountering a multitude of problems. While many of

•. them have been overcome--and we are optimistic that
S the others will be, toe--it night he beneficial to

. outline some of the more critical ones encountered

N /K with the cooker/extruder operation:

1. Replacement parts are problems. As Sri
Lanka is one of the most seriously affe,:ted

countries as a result ,f the oil crisis,
foreign exchange Is at a premium. Spare
parts that we take for granted in the United
States, such as oil filters, V-belts and

- .basic tools needed for maintenance and
repairs, are difficult--if not impossible

Figure 6. Prater hammer mill and air relief system. to find.
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2. Frequent replacement for custom-made parts-- selected free distribution program limited in size by

especially for the Brady is another problem. financial constraints. In other words, the target

We have found that the rotor weldment (the sales population for the commercial Thriposha program

screw which causes the friction to create will be low-income families who are neither nutri-

tile heat for the cooking process) is v.earing tionally eligible for the medical program nor able to

out after 200 hours of use. At this rate we afford the high-priced imported protein products.
will require 15 to 25 of these per year. At
nearly $500 each, the low-cost cooker/ Tile commercial Thriposha program must therefore

extruder becomes a capital liability. But be low cost in order for it to succeed. We know that

fortunately, thanks to the ingenuity of Dr. tile Brady system meets this objective, because it is

Harper, we are renewing the worn area by costing $0.07 (US) per pound (or less than 3/4 of one

welding it back to it original size and then United States' cent, including depreciation of the
machine grinding it 'o Insure even height and donatcd equipment). However, we are constrained by
a smooth finish. With this process we are the relatively high cost of materials, especially
hoping to oxtend the life of this part from legumes and packing materials,
200 hours to 1,000 hours, thereby having to
import only 3 or 4 per year. While we have received special permission to test

market Thriposla using P.L. 480 Title II inputs, the
3. Electric power failures are another problem, regular commercial sale of it cannot use Title II com-

Despite the fact that Sri Lanka has inexpei- modities because of U. S. legislation specifically
sive and relatively reliable hydroelectric prohibiting their sale. We must either produce suf-
power, we have experienced a sufficient num- ficient indigenous cereals, which is a long-term
ber of power failures to bc concerned. It is ob ective, or rely for at least an interim period on
not a frequent problem, but it Is; an irritant imported commodities from other clannels--possibly
and does cause lioss ot lirOduct ion time. The Title I sales. A great del of work muse precede even

problem Is not with voltage il ctU;ation, but the commercial test market, now scheduled to begin in

rather with actual Stoppape . The diesel- October 1977. We must have a fully formulated prod-

powered Brady continues to Oelrate when elc- Oct for the m:irket test, and we must undertake this

tric power failures occur, but tile other process during fiscal year 1977. Finally, we must
equipment conveyinp the itpUt of cereals and work out. tile marketing strategy, including pricing
carrying away the cooked product do not and distribution (which is expected to be through tile
operate. Power fallures therefore mean a state-controlled Cooperative Marketing Retail outlets
loss of production t ine. throughout the island), and we must design and test

the commercial package. The commercial Thriposha pro-

To overcome this difficulty we are recom- grant will be government-cant rolled but will be pro-
mending that a second Brady be install(d-- duced by the private sector . We have already begun
possibly an electric model--so that we can this process with a just compIted pre-test market
have two Units producing at the same time. survey of 674 randotnly selected, low-income families,
At least this way we can achicve twice the of whom 550 were found to be Thriposlia users. This
output while wi have power. We lelilve that survey gives us encouragemient while pointing out many
the additional installation can be done for problems which must be overcome or avoided. We are
half of the Initial Installation cost, as confident that we will succeed by continuing to
the other equipment (Modern Mill, cooler/ apt.roach the problem in a systematic and pragmatic

dryer and Prater 11111) has .St-ffcient CaPa- manner.
city ',) handIe tWi(e its present output.

We feel IThi po!; Ii a Ilt ; ht tid a t rtlllelidioii, impact on
nutrition and health service iii Sri IL.anka. We pres- THRIPOSHA PROGRAM INPUTS1

entIy have 3901,000 reIpin p a Participathilng. Because
the program hat; a itlocal ilentiit Icat iott, rather than Fiscal Year
one relyilg solt I y it inIp)ts l exteral assistance, Source 1976 1977
and beCiuSe the irtoduct has becone widely accepted,
declsiolt-makt ra; iD llit' t'oVetillnit ltave been able to
allocate expetss foti. s the Tese inlc tt t Ministry of Health

purchaste of lot l cerellS ;tt11 leitnIIS (whil will be Government of

increased from 20 to 25' beg1ih. ip next, moith), mill- Sri Lanka $1,215,690 $2,054,500
lng and processng costs, blendil ni nd packaging costs

(Including packaging mater i ala.'), attd tie many other CARE and P.L. 480 Inputs 1,632,961 2,111,425

costs associated witl the production anrd distribution
of a high-protein tinfant cereaiI. This past year the Total Value--

Ministry of Health spent more than the local currency Thriposha Program $2,848,651 $4,165,925

equivalent of one million dollars for the Thriposha
program and has budg'eted over two nil lion dollars

for the Fiscal Year 1977. Its support has been cru- 1Calculated at constant values for P.L. 480 commodities

cial to the Suiccess of the lrogramin. It has been made and a constant exchange rate of US $1.00 - Rs. 7.00

possible because a quality product has leen produced.

St far, I have spoken only about tile free dist ri-
but Ion of Thripolha to medical ly telected rec iplents.
The next phase of the program involves the commercial In conclusion, it might be appropriate to mention
sale of Thriposia. The plant calls for implementation that while the extr'.sion facilities of the Thriposha

of this phase during 1978. Tie Ministry of Health is program in Sri Lanka are production oriented, it is

Interested in the commercial sale of Thriposha because hoped that the system also will act as a demonstration
it wants to make it available .a a larger number of model. We invite you to visit the plant if you are

recipients than can participate in the medically ever in that part of the world.
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Sri Lanka Nutrition Intervention Projects Using Extruded Products

Beatrice V. De Mel
Medical Research Institute

Ministry of Health
Colombo, Sri Lanka

The food and nutrition situation confronting Sri POPULATION AGE DISTRIBUTION
Lanka today is in many respects similar in nature,
though not in magnitude, to those confronting many /
developing countries of the world. The three major 155+
factors that generally determine the nutritional pro-
file of any country are population growth, food pro- M [ 0"-5' M
duction and the distribution of food. The population 415'
of Sri Lanka, which st,,od at 5.5 million in 1"35, rose
to 14.1 million in 1975, and according to current pro- NM 26 MW

jections, Sri Lanka's population, even allowing for M 19-Z5'
the most optimistic estimates of the impact of familyr I
planning programs, will reach 21.9 million in the OM
year 2000 (Fig. 1). § [0-13'

1___ ___ ___EI'97

SRI LA N %A Figure 2. Population age distribution.PO0P UlLHD IN

20 MILLION The increase of world feed production over the
last 15 years, especially of rice and wheat, has
brought about an increase [i, Sri Lanka's intake of

v about 75 grams of cereals per head per day--equivalent
S MILLION ti to 256 calories and 6 grams of protein (Fig. 3).

10 MILLION. . . . ;)

S MILLION . . .. . ! J .

b- oo 600

X Soo _ _51935 2000 0 H-0
93 -I I, ' __ 400

-00 Soo--- ---4- SO

Figure 1. Estimated Sri Lanka population increase. 200-IM-' - L-o

100 100
The age structure of Sri Lanka's population is L Il

also unfavorable from the nutritional .nd economical 1 o .
standpoints due to a high dependency ratio. Children DAILY PER CAPITA FOOD AVAILABILITY IN GRAMS
below 14 yearb constitute 39% of the total population, ENERGY GIVING FOOD BODY BUILDING FOOD= PROTECTIVE FOOD tSHOPITFALL I HOATS WHEATI
of which 15% are under 5 years and 3% under I year. SOOuCI FOALA CES. I LI N.S & STA STCS

It would seem unlikely that the situation will be
materially different by the turn of this century
(Fig. 2). Figure 3. Daily per capita food availability.
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Our highest recorded available per capita supply The findings of the comprehensive Socio-Economic

for tile last 15 years was in 1970, when 2,359 calories Survey of the Census and Statistics of 1969-70 re-

and 50 grams of protein were avallable per head per vealed that there is an unequal distribution of food

day. The FAO/WIld 1973 recommendations, modified to within Sri Lanka where the marginally adequate average

suIt t tie phys io lI og I ca I nteeds of our p)l1 l'it Ion, lid I- is not reached among tile poorer sections of the popu-

cate that 2,200 ca;l Ior Iw and 4H grams of protein on a lation. Thus in 43Z of the sample (households that

per capitai hiasli; would (orititite in) adequate diet. earn less than $29 per month) the diet was inadequate

'"ood bI n tla vrIti, ; [;i for t he I ijnt 15 years indrI cate (Fig. 4). The urban poor were the worst affected

that oni thin hat,.. ;lf I( neor eiorg,' f ,,d wire ivaill- (ablIie II). A more detailed analysis, assessing the

able (Tab le I). lii rI~ ,t c (,I.,;, v 1'iIrc, of po r hlar- adequacy of intakes of each household according ro its

vest due t ro drloghl ., I aofm!, ;Irlf ot'i(ir rIrIfav r;lj i Irdividual age/sex composition and on a basis of

weather 10nd1111 ll i,tv rI;ilItId in ii t;u)t;tilitIal drop "moderate activity," confirmed tire presence of a diet

In food pl irhl t o n l,) 19/2. Tlhi r ;Iui ite d to about deficit. This is especially noteworthy si'nce it

40 grarns o, rI Ht, ri fili, wr d.ty. la I rlig this period occurred at a time when food supplies were the most

tiere, wa; ;it!(. ;i r1(. I in wirir l rit trit' til !r tile abulndant for many years, locally and internationally.

developied (iluiri I'',, iijd Inpi !; tit wh at wer( rn-

dulcr 1 t r t hl i I p t r-t ! fig, (i. ll icult ies with
|)alalnc'o lif plil lltl i. T1I !, of !l ;fJ)'llil ic'anct. be'cause'
wile.C 

, .  
doi t ) ;, I iW ill ;I-f Ldil ,l. It W,'I ; flil ( )dticld(Ihitr In W,'lI I .;. Ir I1 .I ad ........1!i no ) ir,,i I ,,l , Qie DIET DEFICIT HOUSEHOLDS

Illlti ' i i' . h'ith ii I i~ liii it I I Ii I <,20 f i t l lili

Ilst yea nIhtI- . Iti 1 ohi' r ,'li] of ?0 grulh; 01 whert

XIepiec lt tilt! i II, rrlld (0ii [ it' di 1 i t will Ie for B

irport s ,,, rio i. wil t .iI t ';iigi I ri I.-nili tlls i- 4 3 % .00
colnll, d;iaIg(.lllo!ll V de'poidt-Il o ki llt l prodot tl'l loln anld

ii ni v i l l, I ntit u ,in;, h~ ,- iI o di t ,i tot;~. Food t 1) r, I4 ( I's
trivvl r I' tltll ilr l it lI li 1 I trl nfn l11 1 i& ; I tio I fit ' A.2

poo rrl . i r i( l' lle itt r, 1 WI lrll r till I V t Is i rg lrti ___!;_t_1________________r

tlhur (2.2% /I V-, ), if Ih '' I ; ,ll xttrililty dis-

(ll'tl Ing,  ,i!; th ' ill(I (i ,Iset to Il u ood l I ioll is bi.-/

tweell lt;. 1 liw i' i I !' in pi,pitl.i ill. In 19) /, t e-

t tid s r lt la t u t';ion W ; l; ix r' it I' ' pl-I'l l' in I-.. tlld t hf

'rrr'I' t' rtIs;t; iitt, lit, I tiit ' li 't') iI I I I L 'ti lls if
f ood 1i), o~oct illl iovtll Il I III, I illlhll i I onld It II lns

illlrlrolvi,. I t !t lwli iuifl wi Iu 'tI 'r r' 5'1 i tIlii',;iL-''wi thoit

fllreiko ;ISS Int r I ~' t . n. ;I :i t I r III' 01iit0 i u ti l Irl icr- I l t t. t'tll, *.,,, i¢ tt'lt( .,.,,'it.t

t Ilzers. Al;0,, os to .t t io -du, t tin depeid," most y on Figure 4. Diet deficient households.

cle a rult lvit lon (nIlri t linlg (ul Iivatio ) ty smali

fariers, it Is ollt ollt\' d ifI tlt ti ncreise prirduic-
lioni birl also 1 tln ih .i i to proj ctt food crop

produclo l t inn iigets.

Fifty-six percent of the 2,094,815 households in
tire island were adequate in energy and protein; 13%
were adequate in energy but not in protein; 2% were
inadequate in energy but adequate in protein; and 29%

Tble 1. DI ly F-r CpltO Avalability of food Supply In Gra--ou Ihlae were inadequate in both. The total number of house-
0h.t (C.n.i. nd S!.t0i.c.) Itolds considered to be Inadequate in energy was

649,605, and proteii-deficitnt hounetolds with or
1969 1970 1971 1972 1973 1974 witlout energy Inadequa cy numbered 873,500. However,

is the utilization -ii dietary protein is influenced by
Cereals such factors as eie rgy Ilrtaike, level of mineral and

alte 274.7 299, 291.0 2710 2162.8 271.8
Wit 88.6 a0.9 64.0 e8. 90 . 93 v itamin li ke anrd t1C quality of tie protein itself,
Total (lncludlng others) 372.1 385.5 349.7 338.0 360.8 369.0 it is demonstrable that hiiotlt 912,113 do suffer from

COconut kernel 61.6 86.7 86.7 102.3 86.6 81.6 some degree of prote ill-t-rergy inadequacy.

Fat. and oil@ 10.0 11.5 11.0 11.0 6.0 7.0

lln 81.6 70.4 76.3 59.8 105.0 127.6 Awareness of tire need for integrated nutritional
8050 _U_-1l 58.9 .L1 4 ).7 18.0

Tot5l 588.0 613.8 580.5 569.2 604.9 607. intervention measur'es to combat malnutrition is gain-

ru1.4 1815 16.2 8.0 7.3 4.0 2.0 ing groundi in developing CoUrtries. In Sri Lanka, a

innate 5.3 6.7 6.9 4.8 6.7 3.3 Food and Nutrition Technical Unit is being formed in

70.h 28.1 22.6 19.7 23.7 18.9 17.7 the Planning Ministry. This unit will direct the

Mlk1 and milk products 33.2 33.0 35.4 43.0 41.9 30.6 policy-making body at ministerial level.

Z o 1 5.3 5.7 6.6 6.5 4.0
-T-tal h 'FT1 -ff7 "- V: 76-0 *F Presently the nutrition situation is being

Vegetables 118.0 130.1 92.9 92.9 92.9 97.2 relieved by a wide variety of intervention programs.

Fruits _2 7 29.5 29.2 29.3 27.6 28.4 The largest intervention and the longest in existence
To5l9.6 121.1 12Y.2 2.5 125.6 is the government subsidy on rice, wheat flour and

TOTAL 816,1 835.2 775,3 777,4 801.6 790.4 sugar. The cost was around $129 million in 1974,

Calorie. 2,223 2,359 2,209 2.250 2.213 2.135 when over 12 mil'ion beneficiaries received 10% of

FroteLo 50.0 50.8 46.9 65.4 45.1 64.9 heir calories and 12% of their protein requirements
Ll 10.6 9.8 9.6 10.5 8.7 7.4 daily. The free rice ration alone supplies 18% of

rat 45.3 55.9 52.9 60.6 50.2 48.3 all calories for the lowest income group and was not

without significance during the food shortage.
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Table II. Percentage of Adequacy of Energy and Protein by Sectors and Zones According to Income Classes--All

Island Socio-economic Survey, 1969-1970.

Income Classes

Below Rs Rs Below Rs Rs Rs Rs Rs

Rs 100- 150- Rs 200- 400- 600- 800- over All

Sectors Nutrients 100 140 199 200 399 599 799 999 1,000 Classes

Urban Energy (cals) 78 87 92 86 94 109 106 111 113 98

Protein " 77 87 94 99 99 109 114 123 130 109

Percentage 2.9 6.6 11.5 21 37.5 17.9 8.4 5.1 8.1 100

Rural Energy (cals) 89 97 100 95 106 118 118 117 131 101

Protein " 85 97 101 97 106 117 123 126 140 107

Percentage 9.2 17.5 17.7 44.4 37.9 12.0 3.7 1.1 0.9 100

Estate Energy (cals) 103 107 107 106 110 113 140 140 173 110

Protein " il 117 119 118 123 125 160 164 239 128

Percentage 8.8 26.8 25.8 61.4 33.5 4.0 0.8 0.1 0.2 100

All classes Energy (cals) 88 96 98 94 103 ill 114 115 120 103

Protein " 84 94 98 99 113 122 127 130 136 112

Percentage 8.1 16.8 17.7 42.6 37.7 12.0 4.1 1.6 2.0 100

Zone I Energy (cals) 90 102 108 112 113 119 102

Protein " 101 110 119 125 128 138 112

Zone II Energy (cals) 94 102 121 123 106 140 109

Protein " 99 115 126 125 115 153 110

Zone III Energy (cals) 106 104 108 110 116 129 107

Protein " 100 104 109 11 116 133 105

Zone IV Energy (cals) 92 100 110 116 121 116 98

Protein " 111 120 134 122 155 164 116

Since 1956, the largest intervention program is

that of the Ministry of Health. In 1973 the Thriposha

Project within the Family H1ealth Program came into

being (Fig. 5). It is now a medically approved and TH RIPO SH A
carefully monitored program for pregnant and lactating
women, infants, preschool and primary school children. PRODUCTION
Monthly, 194,462 moderately-to-severely malnoorished

women and children are being rehabilitated through 640 M LOCAL INPUT

health centers, 1,993 clinics and 180 estate health

centers.

Table Ill shows thlit the coverage of malnourished

women and children is most effective in the disadvan-

taged areas of the hill regions. The low coverage in

Colombo is due to the withdrawal of Thriposa from the 2.000.000L...

cooperatives in February of this year. The Plantation

Estate Program, partly conducted through polycliniC3

run by the Family Health Program, reaches 40% of th-_

malnourished participants through 161 estates. The

School Feeding Program covers around 850,000 primary

school children, of whom the estimated 100,000 severe-

ly malnourished receive in addition a supplement of 1-.000OLB--

Thriposha, as well, through 980 schools.

In addition, during the past few years a WFP

"Food-for Work" intervention program reaching 165,000

families has been undertaken in drought-stricken
areas. The control of nutritional anemias in 160,000

anemic, pregnant mothers is now underway through the

Family lealth Program at an annual cost of $54,000 F4 _1 I 2 3 11]
worth of haematinics funded by UNFPA. Further, the 1973 1974 107, - 976

current UNFPA population control program, though not

directly concerned with providing food, is important

in raising nutriLional status. Figure 5. Thriposha production.
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Table I1. ThriPposha Coverage of Malnourished Vulnerable Groups in Sri Lanka It helps pregnant women to bear a child of normal

(March 1976) weight and thereafter plays a vital role in maintain-

Total Diet Deficient Thriposh Perceant of ing lactation.

Health Districts Population Households Beneficiaries Coverage

For the infant and presschool child it fills the

1976 1969-701 1976 2 vital gap between the available and the adequate.

1. Colombo 2,975,000 184,675 54,007 293

2. Kalutr. 796,000 36,056 10,935 30 Though at the moment the program is operating on

3. Gallo 798,000 64,321 17,363 27 the specific objective of reducing the incidence of

4. Hatrs 1,026.000 74,531 13,742 18 malnourislhment by supplementing inadequate diets, the

5. Anuradhapura 699,000 35,130 24,003 68 feedback from this, together with the findings of the

6. Kurunaegla 1,145,000 63,075 33.664 53 C.D.C. Survey, will establish a pattern of geographi-

7. Putts.la 433,000 23,589 9,254 39 cal areas and socio-economic groups at risk. This

6. Jaffna 763,000 55,725 15,186 63 would in turn provide the basis for any future adjust-

9. Vavunlya 205,000 12,864 11.172 86 ments In the system of intervention.

10. lattIcaloa 616,000 54,458 22,443 41

11. Kegalle 696.00 64.345 22,871 36 Accesslbil ity:

12. Kandy 1,768,000 109,160 75,600 69

13. Matte 565 ,00 27069 11,771 43 The accessibility of the vulnerable groups to

16. altna pr 737,00 53,713 18,740 Thriposha is very high usually within a 5-to-lO-mile

15. adun4 92000 0343 192 71 radius of the 2,000 health points (Fig. 6). The

14,164,000 903,431 392,6746
'5 socio-economic survey of 1969-70 has delineated

and Statistics 1969-70 -903,431 diet-deficlent families with incomes less

2Vo-coo.tlg Souvey--Ceneue than Rs. 400 per month In the urban, rural and estate

321hiherferdue tsectors, especially in the regions where tise preva-

412 hIhelr figure du. to v rrea g la r osp li Ied be n clare . proneoof lence of malnut rition has been found to iIe high as

The percenteg. co. era. s 4%I op to Febroeiy 1976. chen 35.000 preschOOl indicated by a hiJ;hIIesr infant morI all ty rate (Fig. 7).

5
gBaflcierl~e cooprise: pregnont cmen - 18,359 lectating mothers - 12,651; Tise only constraint to fill I accessibil ity is trans-

infant. -4,248 sd prechoo I children - 106,697. port . Once tihe lsamily lealth Program Is fully ito-

grated with tie "'hriposha Program, tis problem will

be greatly minimized.

The trend III t IcIiveL'ry ot hsealth services In

Sri Lanka Is! an.;1 telis to 1us' ousr l imiited resources

of motley, pers,,onnel ;nd lac ii ite to reach tise lar- Acceptability:

gesL nsumber as , fctlvi'ly and tcconomicilly as possi-

ile withi th cont ext "(d sdiv sris lnsp costs. The Tirilposha is widely accepted ttsroughout tise coun-

major aspectIs of this trend are to train aisxiliaries try. This was confirmed by tie CARE-commissioned mar-

(midwives); tie. tnsp loymelitL ol screen issL procedures, as ket survey just completed of 674 random interviews in

Ini the ''hrIposha Prog,rass of tIle FamIlily lealth Program; seven districts where 92/ of low-income interviewers

and to inc ra o;t eiphaslt;is on self-help to improve had ieard of Thriposia, wislie 827 were using it.

health. The "at-rl'sk )oncept" Is now the most iosi-

Live approach of the program.

'rig, 1 TRPOSIIA iiPilCAM TO H
Thriposha Is a precooked fortified weaning food

mainly composed of WSB supliled by CARE from U.S. DISTRIBUTION
"Food for Peace" sossurces. Twenty-five percent of the 3 392,601
weaning food is now Ise in, prodiced from locally grown BENEFICIARIES

pulses (soy) and cereals (sorghum/mal oze) and processed

i Sri Lanka. 'The development of thiss product Is 
a= 1ooo0

expected to eveitual Iv CVlve Into a 1007 Indigenous

Weining food. The I ir;t IprOctSSlish extruder unit is

already ope-ritlng, and pIla;S call for s full-scale

blending fouod plant sy 1979. h'l' use of extrusion Ins,

cookhn ls psirocn;;iss ulsn food i,- well established.

Thriposlia is now a MIend ol 8(Z WSB and 207 extruded

mixture of sorghum and soy. It is projected tlhast

wealnilg foodl will iso solId commserc ially thlrosughs govern- 1111
moist coopesrat ives Isy 1978.

Qoet ives:

VTe promotion of adequate growth is a more posi- MEN 01

tive objective than the mere prevention of malnutr
t -  man

Lion. It also reflects a more effective approach to 01111

tise control of malnutrition in tie community.

At all levels of its use, Thrlposia--whetller

ultimately purchsased by the middle class (37%), or

distributed free to the working class households (43%

of the population)--will help the country to meet

this objective. Figure 6. Thriposha distribution.

108



I 1974 cereal-based foods, whlch they then use sparingly due
INFANT MORTALITY to cost. Most Infants are on --heir home diets by 15

20-- 9 months of age. Thriposhoa has become highly acceptable
as a supplementary food from 6 months of age onward,

40-69 as it can be easily incorporated into preparations

6o-0 such as rotti (52%), pitto (46) , dr ink (29%) and

conJee/kali (21%') . The 1ast two represent tile form in

70-99 which it is given to infants. The market survey

revealed that most had the notion that Thriposha Is

a flour--unfortifled and not precooked.

Cost-

Of all the branded cereal-based foods on tile mar-

ket, Thriposha has tile best nutritive value for money

paid when priced at Rs. 3/- per pound. It Is antici-

pated that 57% of our population which earns above $29

per month will buy their supires It this price from

one of the 607 cooperative stores in the country. The

balance of 43% earning less than $29 will continle to

be beneficiaries unde r tile Hlnlistry of lealth Program.

This beneficiary level is not likely to rise (Tables

IV and V).

Table IV. Cost of Imported Brand Cereal Infant Foods

Figure 7. Infant mortality in Sri Lanka.

1975 1976

Ninety-one percent reported liking the taste. There Imports Cost Imports Cost

is no traditional method of weaning a child in Sri Tins Rs Tins Rs

Lanka. Breast feedIng is prolonged to two years, and

solids are not usually introduced until around tile

10th month of age in small amounts as a biscuit, baby Nestum 93,200 220,590 132,000 716,00(0

rusk, plantain or rice conjee. A desire to be Farex 8,400 59,756 85,000 51(1,O01)

modern--usually among the poor urban mothers, who are

without adequate knowledge or money--has led to the Farlene 24,000 133,190 30.500 215,000

cessation of breast feeding withimc the provision of 125,600 413,536 247,500 1,441,001

adequate amounts of artificial m~lk under hygienic

conditions. They are lured into buying expensive

Table V. Comparative Cost of Nutrients of Infant, Invalid and Weaning Foods

Maximum Selling Rice per Calories Cost per 100 Cost per

Commodity retail, Rs weight -lb pkg, Rs per ounce calories, Rs gram, Rs

Sustagen (chocolate) 26.95 1 lb 26.95 390 0.43 0.25

Sustagen (vanilla) 26.45 1 lb 26.45 390 0.42 0.25

Casilan 23.80 8 ozs 47.00 108 2.72 0.12

Sanatogen 23.75 180 gms 59.00 NA NA 0.15

Meritene 25.65 1 lb 25t65 NA NA 0.32

Complan 22.95 1 lb 22,95 450 0.32 0.16

Nestum 19.00 1 lb 19.00 108 1.10 0.38

Farlene 15.65 250 gms 28.00 NA NA 0.24

Protinex 16.00 125 gms 57.00 NA NA 0.21

Farex (cereal) 14.25 10 ozs 22.80 110 1.29 0.35

Marmite 10.75 8 ozs 21.50 35 3.83 47.00

Enfamil 5.50 1 Ih 5.50 20 fl 1.70 0.10

S.M.A. 4.95 1 lb 4.95 20 fl 1.54 0.09

Thriposha 3.00 1 lb 3.00 108 0.19 0.04
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Selection of Beneficiaries: 
2. Pregnant women:

1. Infants and preschool children (Figs. 8 and 9): Those having lb percentage of less

than 50 are shown by the Talquist

(a) Those having 2nd and 3rd degree 
method of 11b estimation.

protein-calories malnutrition (PC)

are indicated in the chart supplied by 
3. Lactating mothers:

those undertaking the program. The

local standard used corresponds to the Those having difficulty in maintaining

50th percent lie of the Harvard standard, their breast milk supply and if under-

and the degree of l'CM was based on the nourished and anemic. The quantum of

Gomez classification, the Thriposha supplement was based on
the dietary survey where the shortfall

(b) Those with kwashiorkor and marasmus was between 200-400 calories, 8-10 g

are hospitalized and treated with protein, 5-10 mg iron, and 100-200 mg

Thriduslia. If weighing scales are vitamin A.

not available, the arm circumference

index is used. Twenty-seven percent Nutritive Value:

of the centers have weighing scales

and !) percent use the arm tape. The results of the analysis of proximate nutri-

ents, minerals and vitamins by the WARF Institute in

Wisconsin indicate that Thriposha is safe to use in

child feeding, and the values compare 
very favorably

A.LOWANCE iNTAKE with those recommended by the Protein Advisory Group

CALORIES (Tables VI and VII).

5o 
Educational Complement to the Program:

0 PROTI ( The Thriposha Program has spotlighted the lack of

PROTEIN(g) understanding that mothers have about the quantity and

qualty f fod a inantand young child require for
their growing needs. As a result, the Thriposha pro-

OR gram is now backed by an intensive nutrition awareness

FAT (g)-and education program. This scheme has trained ap-

proximately 50M of all health staff and is funded by

20'-. the UNFPA through the Family Health Program. All

,- -- nutrition education material is being provided by

. CARE. Presently, CARE has four health educators in

VITAMIN (Retinol) Mcg. 
the field.

, .Table VI. Fortification Levels in Thriposha Compared

"'0 to FAQ Nutrient Requirements for 4-6 year-

1 1 1 1 q 1 3 old Children (1974)

AGE IN MON ttHS

SOUHIC MOICAI .l *, .- Thriposha FAO Standard
(Nutrents/ (Nutrents/

Figure 8. Average daily intake of nutrients of 1,000 kcals) 1,000 kcals)

low income, 
rural preschool children,

1962-1972.
Thiamin (mg) 0.8 0.4

Riboflavin (mg) 0.9 0.6

HbIn ms% i Ironintakeinmg, Ascorbic acid (mg) 85 11

Pyridoxine HCl (mg) 0.4 0.5

S*Ow.., I, Niacin (mg) 12.7 6.6

12 Is

WHO SIAN- D -1. Ca pantothenate (mg) 5.9 --

Folic acid (mg) 424 55

Vitamin B1 2 (mg) 8.5 0.8

Vitamin A (I.U.) 3,530 550

t- Vitamin D (I.U.) 424 218

1 1 1 Vitamin E (I.U.) 
16.0 

5

6 9 1 2 
15 18 2 4 

36 40 6OMTHs MTHS 6 12 l 8 24 36 4860 Calcium 1,294 246

- - I Zinc 3.9 5.5

HEMOGLOBIN LEVEL IRON INTAKE
Iron 32.6 4.1

Figure 9. iHemoglobin levels and iron intake of 
Kcalories ,0Co 1,000

low Income, preschool children 
1962-1972.
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Table VII. Laboratcry Results on Thriposha and its Table VIII. Estimated Per Capita Coosumption and Total Quantities
Required of Rice Substitutes for the year 2000 asComponents Compered with 1970 Retimates

Per Capita Total Quantity Required
Proximate Analysis Thriposha Wheat-Soy Blend Consumption Ma) (million mtric tons)

Cereals 1970 2000 1970 2000

Protein (%) 19.0 21.0 Rice 100 120 1.21 2.62

Moisture (%) 8.0 8.1 Wheat 30 10 0.36 0.22

Other grains (including
Ash (%) 3.9 4.6 sorghum and malze) 3 6 0.04 0.13

Fat (%) 6.2 6.0

Fiber (%) 1.7 1.8

Carbohydrates (%) 61.2 58.5

Calories/lO0 g 377 372

PER corrected 2.23 2.27

There is a need for extruded products other than , "N
Thriposha to utilize the projected surplus of sorghum
and maize in place of imported wheat flour (Tables
VIII and IX). Ai S RI LANKA

Sorghum is earmarked by the government for reduc- FORTIfHD FOOD
ing the import of wheat flour for bread by sibstlitu- PROORAMME OF TH
tion at a 10% level. Extruded maize, ready-cooked '.. MINISTRYOFH TH
foods can provide alternative balanced foods for hin-
dreds in place of imported wheat. SioCe sorghum and I,

maize are not traditiorally eateo cereals ad as they (
require much processlng, tiey have not found favor
with the people of Sri Lanka. Therfore, extruded -

foods have a place, provided they can be economically
produced. Thriposa trademark stamped on distribution bags.

Table IX. Agricultural Production and Growth Rates

Annual Growth Rates
Agricultural Production 1949-51 1959-61 1949-51 1969-71
Annual Average (bushels) to to to to

Cereals 1949-51 1959-61 1969-71 1959-61 1969-71 1969-71 2000

Paddy 22,365,000 40,865,000 70,070,000 6.2 5.5 5.9 3.8

Maize 316,000 338,000 573,000 0.8 5.4 3.1 4.0

1 11



Food Production Applications In Indonesia, Part A

Earl J. Goodyear
CARE: West Java
Bandung, Indonesia

INTRODUCTION etiology arising from a basic imbalance of the man per
land ratio and the resultant deficiencies of both cal-
ories and protein. The problem is further complicated

The Problem by a set of interlocking relatlonships between mal-
nutrition and the socio-economic factors of low pur-

The question of whether there exists L malnutri- chasing power, low productivity, lack of education,
tion problem of any great magnitude In Indoresia is lack of health facilities and services, and a high
one that I need not elaborate on in great detail. The birth rate.
answer to this question is emphatically yes. Reliable
nutritional data have been documented by the Govern- Accepting that malnutrition Is part of the com-
ment of Indonesia and many international organizations plex problem of poverty, the basis for an effectlye
through surveys and field studies which refute a pre- approach In iproving tlie food and nut rhiLnal iprob-

vious popular notion that the countryside is lush and lems facing Indonesia tlen Should 1 Ie within it traiome-

fecund and tie populace nutritionally satisfied, work for improv i ng t lie overall soc i1l and eCOmIO c
conditions of the poor. The ied to attack mal tit ri-

As In other develo, Ing countries, Indonesia shows tton on a broad front calls for a systemat ic p1ane

a deficit per capita calorie/protein ovallability set aimed at generating effective consumer demand for

against the government daily standard of 2,100 calo- nutritionally desirable food in agricultiural produc-

ries. In 1972, the l)epar tment of Health estiimlated a tion planning in order to match supplies to the new

shortfall of 15% for calories and 27% for protein for demand.
the Indonesian population as a whole. Such deficits
are felt even more strongly at the lower ends of the The concept of planning nitrition in n ilnte-
economic scale and particularly among" the TDost vil- grated approach is Ill Itself a ;4': ., ., a 0'W'l

nerable sections of the popiilatlon comprlslg infants, which In L atin translates to a new order of the ages.

pregnant and lactating wome, and prechtool and Around the worl, programs aimed at Increased food
primary school-aged children. prodltctlon not only have had no explicit ntiitif lonal

objectives fin most cases, but have SiI1et iiies even

To reach the standard of 2,100 calories, an addi- worsened tile existing i trit1tuhl S;ituation. On tie

tional 250-450 calories per (lay, depending on which other hand, prolucts witi specific otftrit hoal ob c-

food availability table you select, would have to be tIvs , such as iitIe-nvention feeding or tutrition

achieved. Taking 300 calories per day per person, in edtcation programs, lave lacked long-term Imnpact
terms of rice, would require the production of 4,462 because of an isolation from otIer aspects of develop-

million metric tons of Milled rice. This represents mrenit . 'Thils iack of integratlot) witn1 the sCope of

an increase of about one-third of the existing total the total process of developlnotit has placed outritilont

rice production III Indonesia. Recent increases in programs in tie position of belng sol ely concerned

rice production over the past several years have with health and welfare.

averaged 5-6% along with a population increase of
nearly 3%. The foregoing production problem Is a Tre adoptInit of a iog-term approach, however,

good example of the need to diversify the Indonesian does tiot neztt a neglect of the need for Immediate

diet even if quality were oinitted entirely. action to alleviate the most severe hardlhips. Inter-
vention programs, suchi as MCII or schooI leeding,

Obviously, feeding a rapidly growing population nutrition education and other measires must continite.

is not just a matter of increasing food suipplies. These short-term actions, included In on Integrated

Raising food production alone does not yet auitomati- nutrition program, should be regarded as a holding

cally guarantee improved food intake nor the nutri- action--providing a vital breathing space--until the

tional status of those who do not have the purchasing results of the integrated approach become visible.

power to participate itl the benefits of any production

increase. Conversely, there is ample evidence that

increasing purchasing power alone does not necessarily CARE Integrated Nutrition Program In Indonesia

improve nutritional status either.
In 1973, CARE began to investigate the possibil-

ity of any integrated or comprelienive approach to

Malnutrition and the Integrated Program Concept some of the key nutritional problems In Indonesia.
President Soeliarto in his budget address in 1973 made

halnutrition cannot be regarded as a phenomenon a clear statement of Intent to step-up the attack on

isolated from other manifestations of low-living stan- inadequate nutrition as a serious obstacle to both

dards, nor as the single and inevitable result of any development and the improvement of people's producti-

one cause. In Indonesia, malnutrition has a complex vity and welfare. Presidential Instruction (INPRES)
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Number 14 Issued on September 13, 1974 on the Table I. Locally Developed Multi-mixes (LDMh's)
"Improvement of Peoples' Menus" was meant to diversify
and improve the nutritional value of peoples' food in

terms of quality and puantity as part of an effort to Mixtures on which preliminary testing has been

Improve general welfare and the quality of life. undertaken:

In an attempt toi rtepind imIti yely to INPRES 14, 1. 66% sorghum + 34% red kidney beans

the estalll liment of ;in Inter-inisterial I TmMLttee

for the Inprovement ol utilt Iol and !;vvraI rmple- 2. 40% sorghum + 30% cassava chips+ 30% cowpeas

mentary pro ectt, ich ;v; ih(, Itlproved Fam ly Nutri-
tion Program, th(' Nutrition ]nt(,rvmntfon Pilot Project 3. 66% rice + 34% green gram

nnti CARE'in Integrsit id NitrItlo I roject, wetr, under-

taken. Among (iin4 o fi) h mll:oiion a;spiit'ct of eaich proj - 4. 55% corn + 20% cassava chips + 25% legumes

ect I n one I hlat I11nc ludo!; tlii I l',i lopm nit , test ing and

implementat fi of loclly devel opld mIult -mifxes 5. 70% sorghum + 30% soybeans

(l.I)MM'a) from exloting or newly Itroiluced secondary
crop food grains. 6. 70% corn + 30% soybeans

The initial thrust of the [ARC lilt grated Nutrt- 7. 70% sorghum + 30% lima beans or long beans

tion Project is along four lnes of act ivit ils: (1) (Koros - fha ueolus Zunat.ua)
nutri t loin tioppl eintat Ioll t hroifh the i l t r li t Ion of

P. I.. 48(1 commodltlee with a s!ll ft to :i locally pro- 8. 70% corn + 30% lima beans or long beans

duced bIlended food ; (2) deve lopment , et lng, and

product Ii o I ain I ndl I g.otm; produc t of hit Igh nt r I-
tional ui l it y, i. it Iculi r IV In prit ein, t h1it call be

replicatted Ior o m ', iv .o ;,: wetl I :' I ilti'rvelim i l fmltied -
Ing prograimm ; (I) trill r t Itul cdh ;il fii lilt Ormat foil need to le undertaken before we can fully evaluate tile

focusing moil t lti' prilil ,tloll Of [lril r It lmnl I food potential of the low-cost cooker under Indonesian
"ombinat ioi;; iinl (4) j;i, Ial tural .xti ci' u;i i produc- conditions.

tion assist:Inc , to !;Imi I I t ir r : l i t lit( evelpmlum enrt

of alternat ive ciih;h ctr1:; it htflh not rit hmoiI value CARI-lndonesia and our counterparts at the Agri-

oil marginl Iandh:. Our ;t it efolp i<; haued oe the fact cultural University still have a long wily to go. 'le
that food product loll mtirk't lng, cm,toumpt leo iiid the first step to reaching our objectives will be to call
factors which condilt lion t iii, ian be represinted In on tire Colorado State iniversity team to vlsit Indo-

one single system approach. nesia to supervise a trainlig/test ing prorati on

some of tit' food combinat lons already pretested in
sma II t r ia lI s. Once tite''hugs"' clogging our Brady Crop

Low-cost Extruslon Cook,.rs and Their Potent ial ill Cooker are reluv,'d, I feel ,of ideit thait our testing

Indonesia prop rami w I I move more f lIi il in the uture Mind that

soiile if tile aisonlptions I have St,tied almost LIEC

A key element in our project strategy imvolvis techmology will prove Valid I in IndOmis Ia
the developmen t of a local ly deve loped mu It I-mi x and
of food combi na t ion,; or list' In tlme home orit lilt tr I - The pO t(it Il o an I iter d tL iat L echin logy like

lionas supplementation prograns. For this it'.isoi wt, low-cost extrsi n cookers for feedi lmp pl'ograms can be

requested tIre lonn (it a lfradyv Crop Cooker, odisIl 020m, quite promising. 'TIheir plac within al overarll
and a 100 l) Ctterpill,r dit 1,1 enll no hir tiglh hlil' attempt to improve IL'Ople'F; diet would le to enable
U. S. l)epartmernt of Aprlicultt . (litOrt nlmatlytIV, ill large-scalei product ion ot hlgh-prtUteii food combina-
Brady arrived t In ilon ;ia fin Augu;st, 1974 and tLiet Lons for use in intitutlionil feeding programs now

diesel engine cleret polrt of ,00d Ordlr'r i0imi y'ear barred I roH rel- ti up il eijpOrt d foi d ao s i stan e. 'Ills

later. Ice rllher 1everi I pro iriUi lllig 1) ilut;1c les have statemelnt , howevcr-, is [ sed onl cc re t a ii ISStmpt ons:
delay ed tire 11lilted t i',;t Linp of t Iim lt raulv . Co r respond-

tng delays i riceIvIig rild Cltlarlu, 1'. I.. 480 corn 1. That I C's ait ' r i C l ilt' of successfiu I ly
and sorghul ctottiiod LiI ; foir init ial trials with ndig- processing a trange of locally produced food

enous food crops were mtlfol-seell It'; Wtrs a sIubstant fill crops either singly or iii comllbination for

cut in our counterpart's budget for research and human conisuimiptiot M a lower cost than other

testing. comparatlive forms of processing.

We have, Lo date, completed a testing facility at 2. The extruder and associated equipment can

the Agriculturnal htiversity hi logor for the Brady and be properly managed lnid ma intai ined under

associated equipment. Prelimiary trials with small local conditions of operation.
quantities of soybeans, cornm and rice have been under-
taken for the pirpose if obtahinng operational experi- 3. The Government of Indonesia is willing and

ence with tire Brady. Eight combinations for a locally able to accept a major portion of the cost
developed iiilt i-mix (Fable 1) Iiave been developed, and for continuing feeding programs using

preliminary test ing was carlried out by the Government indigenous mixtures rather than donated
of Indonesia/CARE iniritionist. Testhig procedures imported commodities.

consisted of grindlung aid comlbining mixtures , simple

cooking tests, and simple shelf-life tests. The full
range of tests are envisag'ed, I.e., processing,

acceptability trials, storage and shelf-life tests, The training and testing program supervised by CSU

nutritional assay, etc., of extruded products still personnel was held in August 1976.
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Food Production Applications In Indonesia, Part B

Atjeng Muchllis

Institut l'ertainian Bogor

Bogor, West Java, Indonesia

Indonesia is a large, diverse country consisting States of America. In 1975, its population of 132

of seven main islands and more than 3,000 small million was more than half that of the United States.

islands scattered for about 5,000 kilometers east and

west along the equator between Clhina and Australia. Agriculture places a predominant role in Indo-

This is the largest archipelago in the world encom- nesla's economy. The annual production of the most

passed by a single nation. important food crops in Indonesia from 1950 to 1970 is
shown in Table I. It is clear, lii volume terms, that

According to geographical size, Indonesia is tie rice Is the most important food c rop (Central Bureau

sixth largest country in the world and fifth in popu- of Statistics, 1972).

lation after China, India, Russia and the United

Table I. Production of Food Crops, Indonesia, by Years, 1950-1970 (from Central Bureau of Statistics)

Wetland Dryland Total

Stalk Stalk Dry Stalk Sweet

Year Paddy Paddy Paddy
1  Corn Cassava Potatoes Peanuts Beans

(thousand tons)

1950 10,425 1,145 11,570 1,571 5,783 1,422 150 205

1951 10,984 984 11,968 1,398 7,134 1,303 195 278

1952 11,566 1,207 12,772 1,638 7,535 2,292 167 286

1953 12,655 1,409 14,064 1,815 8,953 2,176 203 306

1954 13,342 1,719 15,061 2,720 9,569 2,111 248 401

1955 12,985 1,447 14,432 1,970 9,317 1,897 207 346

1956 13,308 1,310 14,619 1,965 9,131 2,638 218 357

1957 13,242 1,435 14,677 1,360 10,113 2,652 232 339

1958 13,331 1,463 15,344 2,634 11,273 3,103 231 418

1959 14,228 1,722 15,950 2,092 12,697 2,877 255 431

1960 14,876 1,984 16,860 2,460 11,376 2,669 256 442

1961 13,935 1,965 15,900 2,283 11,189 2,464 252 426

1962 14,855 2,256 17,111 3,243 11,386 3,680 261 293

1963 13,324 1,951 15,276 2,358 11,769 3,070 235 350

1964 13,990 2,202 16,192 3,769 12,262 3,958 261 392

1965 14,968 2,104 17,072 2,365 12,634 2,651 244 410

1966 15,517 2,443 17,960 3,717 11,232 2,476 263 417

1967 15,303 2,095 17,398 2,369 10,747 2,144 241 419

1968 17,195 2,354 19,550 3,166 11,356 2,364 287 420

19692 18,726 2,040 20,766 2,284 10,845 1,904 257 416

19703 19,367 2,221 21,588 2,433 10,401 1,931 310 378

iDry stalk paddy can be converted to dry grain paddy by multiplying by 0.76.
2
Preliminary figures.

3
Forecast based on January-April production.
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In the period of the first "Five-year Development rice. In order to prevent rice from playing a domi-
Plan" (1969 to 1974) average Increase in rice produc- nant role in the consumption pattern, efforts are
L lon wan about 4. 7% per year , and r Ice consumpt ion being undertaken to diversify the menu of the people.
during thi F same perild wasi est imated at between 3.6 A Presidential Instruction on this matter was issued
and 4.67 per year. In 1974, rive ioduc tion was 15.4 on September 13, 1974 (INPRES No. 14/1974).
mll lon metr l i , and In lith last year of tlr
second "ive-year lev-lipment Hlan," the (;Oi would Many policies deal tuig with nutrition have been
I Ike to In( ream' pruidjitliu ii lo.l t million metric set out In tile strond "Five-year Development Plan."
tons (Dept. of luloimrit lmo, 191/4). Three of them are: (1) supplementary feedings to

alleviate not riti n ptroblenms almong tile vulnerable
Rice Is tie ('rhle carblhydrate food in Indonesia. groups (Infants, preschool children, pregnant and

From 1954 to 1960, rice was more Important than all of lactating womnl); (2) the extension of the Applied
the other carbohydrate foils combnel (Fig, 1). Tie Nutrition lPr)'rm to ithtr provlnces so that it will
ava IIabIe evidence Indicates that It still Is (lears, become a part of tile rizr, Il development projects or
1962). comrunity av ct lvities; ;id (3) the dvelopment of

nutritlios faods by food industries or other agencies.

Low-cost nutritions food products should be given
priority, so that people In need can afford to buy201-Fthem.

01"OO Consumption

Carbohydrates APPLIE, URTO h'ROGICRA- EVALUATION STUDY, 1973

Starting with the Province of Central-Java in
1963, UNICF /FAi/llhIo-sup jiort ed activit ies of the

w881 Potatoes Indonesian Applied Nutrition Program in 1972 covered
Light ptov inces: NorthI- aind -,iili-Sumatra, West-,

4 Central- and E:ist-ava, Jogvyakarta, Ball and West-
Nusa'fenggara . At tile request of BAPPENAS 1 in mid-

G. 1972, the Nat lonal (Comlit ee for ANI' agreed to have an
Sevaluatin made of tlii \N' (Sa iol.yo, 1974).

Some of thlie ttil sa-plI e OfI 1,053 households in

'30 vii ldgCs in eighIt pro'vin1(Ces (8 vil lagos In Sumatra,
4n. X ,'N 18 in Java and 4 in Hali and ,est-Nusafenggara) , the

average food ict;,ke per day per person was found to

3[ lhe 1,528 calories (u7VI from rice); 42.8 grams protein

(including 8.3 grains animil protein; 51'. from rice);
20 grams fat; and a f;irlv high level of 5,832 I.U.

vitaililn A.

50 tile evalu at ion tidy suggest s that the priority
0l- a rget group le nirsing Iliothers (with PCM-afflicted

infants underl two) anld pregnant women. If projected
oii tile 1973 population in Indonesia, the target group
would Involve about 3.5 imillion women, including 2.3
mill ion nursing mothers with 3.1 mill ion "below nor-
rI lgCM-afflited children under two.

0 louseholds with such level of food intake may
1954 1955 1956 1957 1%8 1959 1960 1961 escape from calorie and protein shotrtages by con-

suming more rice and/or corn--to choose from theYEAR known staples--according to local preference. For

these household high protein foods such as fish, meat,Figure 1 . Average annual per capita consumption of eggs or even Ilsos, are not relevant yet until more
carbohydrates, Indonesia, 1954-1960. adequate levels of calories arc attained.

In order to achieve a good method in nutrition
education activities (the progress of ANP will be more

NUTRITIONAL PROIBLEMS IN INDONESIA measurable, especially on changing food habits and the

improvement of diets of mothers and their infants or
The main nutritional problems in Indonesia are: toddlers), new ways should be pioneered in nutrition

(1) protein-calorie malnutrit ion (lCM), (2) vitamin A education to insure tht food-deficit households
deficiency, (3) goiter, and (4) nutritional anemia. (generally they are low-income) may benefit.
These problems afflict people of all ages, males and
females. Ilowever, malnutritioi is most rampant in According to this evaluation study, it was pro-
vulnerable groups naumely infants, preschool children posed that a pilot scheime be included to tests certain
pregnant and lactatIig women, and low-income workers, approaches to insure that low-income households bene-

fit from the kind of nutrition education offered. ItNutritional problems in Indonesia seem to have a can be called the "nutrit ion-education-plus" approach,
close relationship to tile rice situation in the coun- whereby food supplements are offered on a day-to-day
try. Rice is the most important item in the consump- 1
tion pattern of the indonesian people. This is ndi- BAPPENAS mean National Development Planning Board
cated by the total amount of energy and protein (Steering Committee), "Badan Perencanaan
consumed, which for the greatest part is attributed to Pembangunan Nasional"
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basis to the mothers (two-thirds are mothers with PC- Table II. Needed rood Supplies--Cerals and Pulses--Used in a Pilot

afflicted infants and toddlers under two; the rest, Project of Larger Food PackeSs
1I 

(from ANP - Survey 1973)

expectant mothers beyond five months pregnancy, to be
more selective). Food Supplies Target Croups

for Mothers Infants-Toddlers Totals

The pilot scheme, if covering 15 districts In First year (9,000) (6,000) (15,000)

eight ANP provinces for a period of three years, Is to Cereals 576 tons 192 tone 770 tona

start in its first year in 60 subdistrlcts andi 180 Pulses 180 tone 84 tons 270 tons

villages and is to cover in the third year 180 sub- Recipient days
2  

(3.285,000) (2.190,OOO) (5.475,000)

districts and 1,080 villages. Two alternatives of
"pilot size" are offered: a larger-sized pilot is to Second year (36,000) (24.000) (60,000)

reach 150 mothers in one village in the tiihird year of Cereals 2,304 tons 768 tons 1,080 tons

operation, offering a larger-sized food package to Pules 720 tons 336 tons 1.060 tons

mothers and infants and toddlers, while a sma Ier- Recipient days (13.140,000) (8,760,000) (21,900,000)

sized pilot is offering a smaller-slzed food package
and it is to reach onv 100 mothers per v Iage In Third year (90,000) (60,000) (150,000)

its third year. Tie larger food package for Mothers Cereals 5.760 tons 1.920 tons 7.680 room

is a daily ration of 1(O grams o C*eret1S dIlld 50 Pulses 1,800 tons 840 tons 2,640 tons

grams of pulses per person; for infants, 50 grams of Recipient days (32,850,000) (21,900,000) (54,750,000)

cereals and 20 grams of ptlses; and for toddlers
(under two) , 120 grams of cere;ls and 50 grams of Total - 3 years (135,000) (90,000) (225,000)

pulses per day. The smaller food package for mothers Cereals 9,640 tons 2,880 tons 11,530 ton.

is a daily ration of 100 grams of cerl is and 30 Pulses 2,700 tons 1,260 tons 1,970 tone

grams of pulses; for infants, 40 grams of cereals and Recipient days (49,215,000) (32.850,OOO) (82.125,OOO)

20 grams of pulses; and for toddlers (under two), 100
grants of cereals and 30 grans of pt 1sea. Cereals are Nutrition-education plus food supplements aimed at mothers and their

infants or toddlers to start in 18 villages during the first year

rice or corn (arid other ceredis, if lva I lahIc) , whi le and reach 1,080 villages (target group of 150 mothers in each, village)

pulses are soybeans, ;-111111ts and other local ly in the third year.

available beans. 
2
Recipient days based on 365 days In a year of food uupplement.

Notes:

The larger pilot scheme will reach in the three Cost of food supplement In rupiab (based on rice price of Rp 8h,0lO per

years of operation a target group of 135,001 mothers metric ton): Rp 24.90 per mother; Hp 12.45 per infant or toddler;

and 90,000 infants anti toddlers in 1,180 villages, Hp 16.60 average per person per recipient day.

involving 82.1 million recipients per day, with food For larger food package:

supplies of 11 ,500 metric tons of cereal aid 4,)000x n
letld ing 10' wate) The a) expectant motbere (5 notba dr over)i rice/corn 160 g, soybeanm tric tons of Iegitmes (Il 1. 50 g (calories + protein 74I cal + 28 g)

smaller pilot schme will reach Ill three years a tar- b) nursing mothere: rice/corn 160 g, soybean 50 g (calories +

get group of 126,000 thers aid 84,O()0 Infants and protein - 740 cal + 28 g)

toddlers in 1,080 vIllages, involvlng 76.6 million c) infants (5 to 11 montha): rice/corn 40 g, soybean 20 g (calories

recipients per day, with food suppl ies of 1 ,400 metric + protein - 210 cal + 10 g)

tons of cereals and 2,350 metric tons of pulses (in- d) toddlers (12 to 23 months): rice/corn 120 g. oybean 50 g

cluding 10% waste), Tables II and III. (calories + protein " 600 cal + 25 g)

LEC's IN INDONESIA

Extrusion cooking is important in the production-
of many food items and has several advantages: versa-

tility, high productivity, low cost, ability to pro-

duce unique product shapes, and high product quality.

In order to determine the low-cost extrusion

cooker's capability to produce nutritious foods with
adequate storage life and to manufacture easilyA
digested foods, especially for infants or toddlers, 4

LI

equipment testing and research were needed.

If the testing program soon to be conducted by

CSU, in collaboration with Bogor Agricultural Univer-
sity (IPB) and CARE-Indonesia oil low-cost extresion

cookers (i.e., the Brady Crop Cooker, Fig. 2), is
successful, it may enable Presidential Instruction
No. 14/1974 to be implemented on a national scale with Figure 2. Indonesian personnel observing the Brady

a supplementary food program. Crop Cooker demontration during the train-
ing/testing program conducted by CSU tI tile

Bogor Agricultural University in August
1976.
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Table 111. Needed Food Supplie--'ereals and Pulses--Used in a Pilot
Project of Smller Food Packages

1 
(from AP - Survey 1973) REFERENCES

Food Supplies Target Groups Central Bureau of Statistics. 1972. Agricultural

t, Mlothere Infants-Toddlers Totals Statistics, The Republic of Indonesia, Jakarta.

First year (9.000) (6.000) (15,6o) Department of Information. 1974. The Second Five-
year Development Plan: 1974/1975 - 1978/1979,

Cereals 360 ton. 168 tons 530 tons Vol. 2. Jakarta. p 47.
Pulses 168 tons 50 tons 170 tons
Recipient days

2  
(3,285,000) (2,190,000) (5,475.000

Mears, Leon A. 1962 Rice Marketing in the Republic
Second year (36.000) (2.000) (60,000) of Indonesia. PT. Pembangunan, Jakarta.

Cereals 1,440 tons 672 tons 2,110 tons
Pulses 432 240 tons 670 tons Sajogyo. 1974. Usaha Perbaikan Gizi Keluarga (ANP-
Recipient days (13.140,000) (8.760,000) (21,900,000) Evaluation Study, 1973), Lembaga Penelitian

Third year (81.000) (54,000) (135.000) Sosiologi Pedesaan Institttt Pertanian Bogor.

Cereals 3,240 tons 1,512 tons 4,750 tons (English Summary)

Pulses 972 tons 540 tons 1,510 tons
Recipient day. (29,560,000) (19,715,000) (49.275,000)

Total - 3 years (126,000) (8'.,000) (210,000)

Cereals 5,040 tons 2,352 tons 7.390 tons
Pulses 1,512 tons 840 tons 2,350 tons
Recipient days (45,935,000) (30,665,000) (76,650,000)

1
Nutrition-education phos food supplements samed at nothers and their

Infants or toddlers to start in 18 villages during the first year
and reach 1,080 villages (target group of 150 mothers in each village)
In the third year.

2 
Recipient days ianed on 365 day. in a year of food aupplement.

Notes:

Cost of food supplement in ropilah (based on rice price of Rp 83,000 per
metric ton); kfp 12.45 per no ther; Rp 8.30 per Infant or toddler;
Rp 12.45 average, per person per recipient day.

For smaller food package:

a) expectant nather, (5 mon'.hs or over: rice/corn 100 g, soybean 30 g
(calories + protein - 460 cal + 17 g)

b) nursing aothero: rice/corn 100 g, soybean 30 g (calories +
protein - 460 enl + 17 g)

c) infants (5 to II montti): rice/corn 100 g, soybean 30 g
(calories + protein - 210 cnl + 10 R)

d) toddlers (12 to 23 mntis): rice/corn 100 g. soybean 30 g
(calories + protein - 460 cal + 17 g)
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Feeding Programs: A Tool for Development in Costa Rica

Kurt Bachmann
CARE: Costa Rica

San Jose, Costa Rica

HISTORY OF CARE FEEDING PROGRAMS IN COSTA RICA 1. A broad interest in the soybean was generated.

New varieties were introduced.
School Feeding

3. Planting was done mostly by small- and

Since the mid-1950's, CARE/Costa Rica has been medium-size farmers instead of by govern-

playing an important part in the development of school mental agencies, as was previously the cne.
feeding programs utilizing P.L. 480 commodities. This
resulted not only in building a solid base for ongoing, 4. Total acreage of planting had Increased
mostly self-supported progams, but also in helping to about tenfold by 1976.

stimulate the local production of commodities like
NFDM and processed clieddar cheese, which were pre- 5. Acceptable recipes were develoiped for home-

viously unknown in Co'ta Rica. cooked soybeans, facilitating consumption
without the uti 1 izat ion of special proces-
sing equipment.

Preschool Feeding and Nutrition Centers
6. Suitable areas for soybean production were

Programs for feeding preschool children did not identified.

have the built-in facilities for large-scale feeding.-
like school feeding programs--and only reached a small 7. The basis for more tivanced techniques in

number of children until 1966, when CARE, in collabor- the production and 1, ')cessing of soybeans

ation with the Ministry of 'ublic Health, the tinistry was established.
of Public Works, and loc al communities, entered into a
Nutrition Center Construction program. As a result,
the number of Nutrition Centers increased from 60 It) The Brady Crop Cooker - 1975

1966 to 320 in 1976; the number of recipients, from
3,500 to 21,000; the number of nutritionists, from 2 The next step was the installation of the Brady

to 9; and supervisors, from 6 to 87 in the 10-year Crop Cooker for experimental and demonstration pur-

period, poses prior to the production phase, which hopefully
will be partially financed by an AID Operational Pro-

gram Grant, with inputs by CARE and the local govern-

Equally or even more important has been the cata- mont. The machine has already aroused a great deal

lytiL effect of the program on community participation of interest, and an additional machine will be pur-

generating other communal effo-,s in the fields of chased by a private party for commercial production.

health, nutrition and sanitation. Health care was

added to the nutritional concerns, and each new nutri-
tion center being constructed today serves also as a The AID Operational Program Grant

rural health clinic.
The major goals of the OPG are as follown:

1. To stimulate large-scale production, proces-

SOYBEAN PRODUCTION AND PROCESSING sing and consumption of the soybean

2. To demonstrate the effectiveness of the low-

The Beginning Stage - 1969 cost extrusion cooker in relation to more

expensive extruder cooking processes and

In line with its policy of developing local machinery

resources, CARE/Costa Rica in 1969 began its program
of soybean planting and consumption. In spite of pre- 3. To provide inexpensive, high-protein soybean

vious efforts, no concensus had been reached concern- mixtures like CSI to governmental child

ing the variety or varieties which were most suitable feeding programs

for Costa Rica, nor was there any established model

for soybean processing and consumption. This program, 4. To stimulate the processing anti consumption

with the help of other agencies, achieved the follow- of enriched local products, such as sorghum,

ing results by 1976: yucca, bananas, rice and others

119



THE NUTRITION STRATEGY OF THE GOVERNMENT OF COSTA RICA

Asignariones Familiares (Family Assistance)

In regard to the strategy for nutrition of the

national government, a new program called "Asignaci-

ones Familiare:s" wasi developed to improve living con-

dittions of the more needy sector of the population,

especial ly for tho!e I IvIig to rural areas. Special

attention s b( gi, i to nutrition, and tile plan is 
-ILI

to feed 500,000 cildren up to the age of 12 by March

1977, gIvIng Lte w Ti I; day. 'rle government

looks ;it thl!i programn not only a!i being directed

toward ma I iir I shed icl IdI Irtn (an I NCAP study est imated
that j4Z ()I (hildre-n (! to) 0 yealrs' of agUe stiffer from

some degree of sal outrltIon) . but al.so as being a

veliic lI or iocOMu redi It r Ilt iolln for fami lies of

children In the pr(qC:rall. FXcept for a relatively

small inilber of s;.r' l Sit e
; 

e of m lnuttrit ion, each " '' '

child will recelvet ol N t ; I protelin requirements and

707 of its caloric Itqirmtil e -t throug'h the program.
These p~ercent ages ii n I lIiie wi ti the resi l ts of

studies cartI litd ut hv hr. ILeon;irdo ,Iat;i, of the Uni-

versity of Coitti Rica ;iiid lormorly of INCAP, and by Brady extruder ready for testing in Costa Rica

CAUE. D~r. Mati also eimlha;izes; the Importance of

adequate sauLtatiion i al t; ug maximum Impact for

feedlng programs. Ihe bel ieve,; that Costa Rica,

through an e f-ect liv- rural heal th progra which

Includes the Instal lat in of pumps by organizationi

like CARE, hits giveii a good example oif the inter- With funds available to the government as part of

relatiJonship between sanitat it and nutrition, the "Asignaciones Familiares" (Family Assistance) pro-

gram, it should then be able to finance the feeding of

tile remaining 300,00n children for the calendar years

The LEIC within the Context of Covernittental Plannitg 1977-1979, provided all of tle other inputs remain the

same.

In order for the governtent to reach its goal of

500,01)0 chiilren by March 1977, it is essential that One of CARE./Costa Rica's main concerns will be to

the machine be operational by that tine and that It keep in close contact with Colorado State University

provideaj 2,6b0)0(101 pounds of CSB and other soy prod- so that they will be aware of ,ny production problem

ucts or mixtures for tile remainder of the calendar we may face in the extrusion process. We also need

year 1977. It we add to this the approximately to be kept informed of the results of other LEC proj-

4,000,(000 pounds of P.I. 480 commodities tentatively ects as they relate to tile Costa Rica program.

approved by Washington for preschool feeding in nutri-

tion centers and canteens, te the combined input As we look back on CARE's activities related to

will provhie almosL all of the protein requirements child feeding during 20 years in Costa Rica, we would

and a substantial part of the caloric requirements seem to be justified in saying that the feeding

for about 200,00 school and preschool children, programs have been a tool for development.
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Food Production Applications in Costa Rica

Ronald Echandi
Universidad de Costa Rica

San Jose, Costa Rica

The proposed scheme for the utilization of the Table I. Importation of Soybean Products to Costa

Brady Crop Cooker in Costa Rica, and as I understand Rica in Metric Tons
1

it for other countries as well, involves the use of

raw materials produced locally. For that reason, at

this point, I will briefly touch on aspects other than Product

the utilization of an agricultural product or factors Year Cake Flour Oil

relating to consumer acceptability or quality; rather,

I will talk about the potential for soybean production
in the humid tropics, specifically in Costa Rica. 1964 1,293 6.42 173.22

It is a well-known fact that fur thousands of 1967 9,419 0.46 46.56

years soybeans have been the main source of protein
for millions of people in Asia. Since the introduc- 1970 23,190 5.36 812.34

tion of soybeans to tile Western Hemisphere at the turn
of the 20th century, soybean cul tiVaLtilon has expanded 1973 22,118 42.63 280.12

from a crop of minor Importance to become a major cash
crop for most of North America and Brazil. For ISource: Ministry of Agriculture, San Jose, Costa

reasons that will be considered later, soybean produc- Rica.

tion in the tropical areas of the world has not

expanded at the same rate as it dh in the temperate
zones. A large number of factors affect soybean cultva-

tion in the tropics, of which the most Important

In recent years tile extremely rapid population probably are:

expansion that has occurred in most LDC's, coupi,:d
with the prevailing primitive agricultural systems 1. Daylength sensitivity

used in producing staple crops in those countries,

has created a rather difficult situation. In my opinion, a major factor In limit-

ing the expansion of soybean cultivation in

Traditionally, the main source of protein availa- the tropics has been and still continues to

ble to tile inhabitants of tropical America has been be--daylength sensitivity.

the common bean (Pbacohzi vulgaiio), and the advan-

tages that could result from the cultivation of soy- 2. Production program organization

beans are, among others: increased yields as a

result of a greater production capacity of the soy- Soybeans are a crop that demand a high

bean plant, higher protein content and the production level of technology from the farmer as well

of oil. as from the technical support groups. There-
fore, a country's decision to launch a soy-

bean production program has to be planned on

DEMAND FOR SOYBEAN PRODUCTS IN COSTA RICA the basis of the expertise available locally
and certainly has to take into consideration

As was already stated, Costa Rica because of its such factors as:

location 10' north of the equator, has not yet bene-

fited from the expanded cultivation of soybeans. a. choice of cultivar or variety

Therefore, the local demand for high-protein products

to be used in the preparation of formulations for b. source of seed to cover the needs

humans and animals is now satisfied with imported

soybean products (Table I). c. ecology of the production areas in
relation to adaptation and harvesting

SOYBEAN PRODUCTION IN COSTA RICA AND OTHER TROPICAL d. land holding and distribution

AREAS OF THE WORLD
e. farmers' technical skill

For the reasons mentioned before there Is no

doubt that there is a place for soybeans in the f. present and potential market

tropics. However, much work still remains to be done

before we can state that soybeans have been success- g. potential use of product

fully transferred from the temperate zone environment,

in which they originated, to the tropics. h. cost of production
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PRESENT SITUATION 
IMPORTANCE OF TlHE BRADY CROP COOKER IN RELATION TO

SOYBEAN PRODUCTION

After evaluation of several hundred soybean
accessions and crosses made locally under field condi- To a great extent the expansion of soybean culti-

tions in Costa Rica, it har become evident that only vation in tropical areas will depend mainly on the

a small. number appear to adapt well to the humid existence of a market for the crop.

tropics;. Even though workers fit other areas of the

world are also doing their share of breeding new cul- Often soybean products regularly Imported by

tivars, with few exception!; the virieti es now used tropical countries include primarily processed prod-

for commercial production In tropical area are culti- ucts--a situation which ret.rds the development of

vars wlich were deve loped for thi, t iera te zones. soybean agr icu 1. t tire. Often the local food industry

is not Interested in installing the necessary equip-

The ylelds recorded for tho:se cultivars which are ment to process soybeans lntil it can be certain that

well adapted are sufficlently Ihigh to permit statlng local production reaches a volume which can guarantee

that soybeans can be produced economically in the a safe supply of raw material.

humid tropics when ill of the reigi rements for a

program, which were mentioned earl ler, are met Under the above-described circumstances, tile

(Table II). installation of a Brady extruder helps create a demand

for soybeans, which in turn serves to promote the crop

at least until additional industrial demand for

Table II. Yieldb in kg/ha Soybean Cultivars Under soybeans develops.

Two Different Ecological Conditions in

Costa Rica in 1975

Cultivar San Carlos Palmar

Nanda 4,720 2,527

Indonesia 4,840 1,860

Capelican 5,200 2,269

138-Mandarin 4,640 2,350

206-6-M(2)18M 5,000 2,391

Velstate 1,780 2,445
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Food Production Applications in Bolivia

Pedro Bleyer
laisoy

Santa Cruz, Bolivia

INTRODUCTION The biological value of this mixture
is known over the world, and while I)r.

I am honored by the privilege to talk to a very Bressani's experiments have shown that a mix-

select audience, among which are personalities of a ture of 72% corn and 28% soybean has a higher

very high level in the areas of nutrition and food biological value, a pract eiall ratio Is 70:30.

technology. I would like to make it clear to you that The corn used is named "yellow cuban corn"

my own professional area is economics, and that my and is used for poultry nitrition. It Is

activity is feed manufacturing, considered the high-yield crop of the coun-
try, with two yearly crops: one a tie end

At the beginning of 1973 1 came to the U.S.A. of summer, and one at tie end tf sprlng

with the purpose of ohLai ing information in technol- called "elpn Corn." Thils fgratn is not

ogy for tile production of vegetable mixtures for human used for human couiumpthlo as are other

nutrition. I was Inspired by two principal circum- varieties, and It is at thill; point where

stances: my knowledge of poultry nutrition anti of the technology comes in to make that posslble,

socioeconomic effects of the world's shortage of food.

These facts made me think that In a not-very-far Soybean cultivation hea li i Bolivia fin

future, we should think of providing protein directly an intensive form only two years ago. The

from the land to tii human, level of production should Increase annually
because of the demand for oil-prodocing

After visiting several places in the U.S.A., I grains required by Lhe Indiustry, hut 1 do not

was told by Mr. 0;(k Smith of Wenger that it would be think that this demand will cause supply

worthwhile for me to visit lr. Ricardo Bressani at problems for the production of Ma soy.

INCAP in Giuatemala. Thanks to Dr. Bretsani's coopera-

tion, I received a clear picture of the basic goaits to Evidently a mixture like Incapar1na

be accomplished. As a result of a long process _f might be cheaper than Malsoy, but the poor

experimentation with corn and soybean mixtures, one sanitary coodit ibo ant i it controls which exist

was developed which lie named "Maisoy." in tile oil indust. ry aind its low palatability
would limit its acceptability by the Bolivian

We agreed to use the Brady Crop Cooker, which we people. Therefore, its Introduction into tile

had in our factory, for the processing of soybeans on country would represent too high a risk for

an experimental bas;, As available technology was private industry to assume.

limited, and the equipment was already assigned to the

feed plant, we dedicated only free time to the devel- I hope to be successful in the project

opment of the process itself, due to various factors: (1) the taste of
Maisoy is basically that of corn and is

In 1974 I visited Dr. lornstein of AID and Mr. familiar to Bolivians; (2) in the past, vari-

Crowley of USDA with tile intention of seeking techni- ous cultures, such as; tht QUechttas, tile Mayas

cal assistance. Thanks to that contact, last April I and tile Aztecs, based their daily dlets on

received the invaluable visit of Drs. Harper and corn. As a result of this, some athors say

Bogyo, sent by the Agency for International Develop- they all belong to the "corn cuture." At

ment, to give LIs special assistance oil our Maisoy the present time--aid since te above men-

project. Thanks to their efficient cooperation, the tioned cultures still exist iII Our country--

industry is now in production and has started to I must say all we B0ivlans Use corn and con-

deliver aisoy to tile Bolivian Health Ministry with sider it a very important comtponent of the

the intent to substitute it gradually for the inter- daily diet. It is important to note that,

national aid that has started to diminish. thanks to tile extrusion proces;, the beany

flavor of the soybean Is totally lost, keep-
ing a 100%-corn flavor. Concernlng Its cost,

OBJECTIVES OF TIlE AISOY PROJECT IN SANTA CRUZ, corn is tile cheapest grain in the country.

BOLIVIA Other economic aspects in refercice to tile
industrial process will be mentioned later.

The basic objectives are summarized as follows:
Tile production of Maisoy lust provide a

1. To produce a vegetable mixture with abundant reasonable return on investment to permit its

local raw materials; to get tile highest bio- continuation. The past experiences of others

logical value at tile least possible cost; and give us a lesson that--after many failures in

to achieve a product accepted by our people. numerous proje,.'s--it is not possible to
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develop new food products if they are not 2. To contribute to the nutritional improvement

feasible for the company. I consider a pro- of the country.

duction program feasible tor a company when
it has the following characteristics: The company has to be motivated to take

into account the social importance of nutri-

a. Enough natlotti supply of raw materials. tional problems of its countrymen without

forgetting its respcnsibility to the share-

b. 'ThLe product ifi 1lked by the consumer holders. In the particular case of Bolivia,

(tests, quality, etc.). I do not yet have i. study of the effect that

Maisoy will have on the improvement of the

c. The product has a guaranteed stability, country's nutritional level. However, when

based on packing that efficiently pro- we analyze Table I from "Programs for a

serves it, Is appealhig to tile consumer Feeding & Nutrition Policy to be Integrated

and maintains a price range withlin the In the Economic and Social Development of

purchasing capacity of the peoPlv. Bolivia, 1976-1980" (Commission for tie
Planning of Nutrition and Feeding Policies,

d. Ability to Obtain ;nlostitutlonal market February 1976), we can clearly see that any

that guarantees a certain sales level, rational attempt will be positive.

allowing the Industry to approach the

break-even point . (I refer to government
purchase, not subsidy.)

ACCOMPLISIIHMENTS TO DATE WITi 'iLE BRAIDY CROP COOKER

e. Product can be othstltuted for inter-

national donations. Otherwise, it is The Brady Crop Cooker processes the Maisoy blend

impossilble to compete with them. extremely well. I will not refer to the technological
aspects, because this Subject was fully covered by Dr.

f. Company canl obtain tax advantages from Harper. I want to refer only to the experience that

tie government we have had with a bl d of rice and soybean. Tile

more enthusiastic Maisoy consumers did not show any

g. Covernment ;acceptance of the reality that Interest in consumIn t the Mlend btased on rice. This

no industry i!; feasible without appropri- stems from tile fact that the cost of rice is four

ate marketInpg. Therefore, prices can not times that of corn.

be pOl i t [ca I, and d I .l; r ilut ion and sa Ios

costs, pitbl icity, and wholsile and It is worth noting that we have two possibilities

retail prof its are to be consi hhired in carrying out tile process. The cite ice Is between

esseit ia Is. the use of delilled or whol e corn. Itn the case of

deitulled corn, we obtain a product previous to tile

it. A company alt'ready working with cereals pulverization that is exp;aded better and of a higher

should undertake tie dOvelopment of such qualt iy. The1 co:t is 1nt-ch lhier, betciuse ill tile

a project in order to reduce fixed costs. deitulIllng proces ; the lo,;ses ire, ahout 4017 of the

total wel gtt of tit' co t, itu1 b1(1 lUe more energy and

I. Those products with ;I i lgh hlological labor are Consumed. .loreover, tie micropulverizer is

valn mittit have specific characteristics not capable of (C0i1t inlttl S Milliig of tilt' outpllt Of

that will permit the mailnofactor r to extruded prodict. [n the Case of whole corn, tile

obtain profits fron tales to those who Product is less expaindeid but equla llV cooked, and tile

can pay more, thereby COtttlt ln, for micropulverizer has in e1;5ier t ine matching extrusion

other products that woold benefit the production. Both final pulverized products taste and

poor. look alike.

Table I. Energy and Protein Intake

(Altiplano)

Median Daily Ration Average of Country ligh Platuau Valleys Plains

Calories

Intake 1,890 1,883 1,894 1,892

Recommended1  2,213 2,274 2,248 2,117

Deficit (absolute) 323 391 354 225

Deficit (relative) 14.6% 17.2% 15.7% 10.6%

Animal Protein (actual)

Intake 18 g 15 g 16 g 24 g

Recommended
1  27 29 23 28

Deficit (absolute) 9 14 7 4

Deficit (relative) 33.4% 48.3% 31.7% 14.3%

1Adapted for the studied area, starting from the accepted value of the ICNND.
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FUTURE PLANS FOR THE OPERATION APPLICATION OF EXTRUDER COOKERS IN BOLIVIA TO PROIDUCE

LOW-COST NUTRITIOUS FOODS

Future plans are rather ambitious. I can see two

main lines of products: At this moment, ours Is the only real project in

our country and, so far ;is I understand, our firm wa.i

1. Maisoy Flour - This product is based on the f.rst one to experiment with the Brady Crop Cooker

processing the whole corn and leftovers from in Latin America. The adaptability of the extruder

the dehulled corn process. It will be mar- cooker has been perfect, because Maisov flour is

keted in a first stage as a base product for almost tile same as another product known as I'ITO

various predetermined uses at the instLItu- (toasted powdered corn), and Mlaisoy Flakes are similar

tional level in bags of about 46 kilograms, to PASANKAI.A (much like popcorn), another very popu-

or 100 pounds. Bags presently used for lar product.

deliveries to the Ministry of Social Welfare

and Public Health are made of polyethylene I am sure that all I that has beell done bY the

and are covered by a second bag of polypro- Brady Crop Cooker is only. the beginning and that

pylene. For open market sales we will use evolving technology and Imagina ion will develop .ny

smaller packaging, details of which will be more possibilities. I hope tilte manufacturers of tliti

determined by a market survey. in a second equipment will focus their efforts of these posslbill-

stage, while maintain ing the origit:al product ties, so as to improve the equipment and to simplify

in the market, other, more sophisticated its operation even more.

products will be launched which will include

flavors, coloring, vitamins, etc., and which

will be destined for consumers with higher

purchasing power.
Mr. Fox:

2. aisoy Flakes - The product will be sold as

snacks and as a replacement for low-Frotein What is your Maisoy mixture?

cereals. The second stage will give the

flakes more sophisticated characteristics for Mr. Bleyer:

a public that can pay higher prices.
Maisoy is a mixture of 70/30 corn/soy. You saw

Additional assistance is necessary to better that mixture last night at tile extrusion demonstration

develop the missing stages for developing and market- and that is the best mixture for cereals and oil seeds

ing the products. that I know.

r7

/ 4i

Brady extruder manufacturing Ilaisoy flakes. Cooker and Micropulverizer used in production of

Ma isoy.
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Food Production Applications in Tanzania

Aleck Mosha

Tanzania Food and Nutrition Center
Dar es Salaam, Tanzania

INTRODUCTION Table I. Harvested Food Product ion of Major Crops

in 19721

The malnutrition problem is a big one in Tanzania,

especially among vulnerable groups--the young, and
expectant and lactating women (Maletnlema, 1975). The Food Crop Tons

main causes are aspects of food production and utili- - _....

zation, low income, igvorance and disease. Among the

usual results, poor brain developmet, morbidity, Maize 880,880

infant mortality and overall low productivity are most Millet 128,198
serious. A weaning food program has for soie time

been under development as a possible intervention Sorghum 190,822
measure. The case history covered in this paper deals Wheat 98,285
mainly with a commercial product primarily for urban
and semiurban areas, though homemade weaning foods Rice (Paddy) 170,901

have a big role to play among the rural populace. Mixed beans 152,835

Cassava 792,850

FOOD PRODUCTION STATISTICS Irish potatoes 113,132

Tanzania's official policy of self-sufficiency In Sweet potatoes 234,151

food production implies that local raw materials must Groundnuts 29,331

be used in the program. Food production varies much

from year-to-year due to fluctuations in total rain- Sesame 8,015

fall and its distribution. The year 1972 has been
chosen as an average year during the period from 1965

to 1975, thus giving a fair Indication of food produc- Soybeans 776

tion.

As is evident in Table I, ti. supply of cereals Source: Ministry of Agriculture, Dar es Salaam

and legumes--the maJor ingl-ed ients in the case under

consideration--is adequate, and some, of the commer-

cially processed portion has been recommended for

processing into weaning foods. Meanwhile, the con-

sumption of legumes is limited by the lengthy p:ocess till and ugall (local thin maize gruel and thhik maize

involved before consumption. It therefore follows flour paste, respectively). IHigher aniounts gave

that processing tile high protein legumes and Incor- objectional color and taste. Iowever, among needy
porating them into readily and commonly eaten forms young children, amounts of soy up to 257 were accepta-

would increase intake. The data for soybeans were ble as shown by quantities of USAID corn-soy blended

not available, but 500 tons could be regarded as an mixtures consumed in suppllementary feeding programs.

average figure (since 1972 a large expansion program
has been undertaken).

WORK IN IOCAI. RESI-.AICII INSTITUTES

BACKGROUND Syste-matic high-protein product dove lopment was
undertaken by the Ministry of Agricitiure, Including

A review of "Human Nutritior Activities in cereals, legunmes (soy and local beans) and dry skimmed

Tanzania" (Mohamed and McKeag, 1970) shows that in the milk powder, in rth late 00's.

early 1960's the enrichment of sembe (60% locally

extracted maize flour), as well as the fortification Mixtures of maize al sorghum flouir containing up

of other local staple foods with high protein sources to 25% soy flour were acceptable in child-feeding

(such as dry meat powder, groundnut flour and soy trials. Fish protein concentrate (FI'C) produced

flour) were advocated and limited attempts were made. locally was acceptable uip to 10% FPC. Local bean

It was realized that the undertaking was desirable to flour was well accepted with tip to 15% additions.

alleviate malnutrition but the use of animal products
was expensive, placing the product beyond the means A village-level ;oy processing project (in which

of the low-income group, so the use of vegetable pro- the villagers used hand-operated equipment for proces-

tein sources was advocated, sing soybear,s into full-fat flour, soy milk and curd)
was started. The produict- were incorporated Into

local cereal staples, which were very well accepted.

LOW-COST, HlIGI-PROTEIN PRODUCT DEVELOPMENT The project Is still in progress, but it has been
hampered by difficulties arising from tile large labor

Preliminary trials of feed maize-soy flour mix- input required b" the hand-operated equipment. 'rhe

tures to adults and children in educational institu- use of power mil.s for decorticating and grinding the

tions showed that 5% soy could be added undetected to soybeans has been recommended.
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BISCUIT LINE APPROACH BY FAO This will certainly prove to be an effective nutrition

intervention measure, especially among needy groups

Laor FAO (Ilerz, 1972-1975) carried out feasibil- with low incomes and, in particular, hospitalized

ity utuardl o on hiih-prote ii weianinIg foods, and the children, children attending Mother-Child-tiealth (MCII)

undertaking wan i mtid viable. An Initial product con- Centers arid Dlay Care Centers (a nationwide network

talnilt g ritI ze, itoy, ] ea isl o milk powder and a exists) and school children through lunch progr'ms.

vI ialln-mIii ral ni mix w i pri.!,ed lIt Italy and tested.

It pIa:i i ( 1 tliltal and a i ((i-pabll I ity problemrs. The

formula i;a! l ; r !BI ld It axY I il- ti' lo(al be;i ns. OI1STrACFS..TO FINAl. GOALS

The coarm, lit I n ow (onatifiran, ')Wr i Izi e,2 , ?Z noy floir,

9,57 wheait, ')7 dry !;ri' lt l nle I p Imwdor, 5 7 giar and Raw Materials

0.5% vltimini-iriiili l mix. It i!i pro c'tiset like bis-

cuilti a t e pr t r,;at ilelt wit h a-ainy laf;e ind ground Presently the supply of maize is adequate, but.

Into I Ilbr. It (ollaitald 197 protit ii with a Net soybeans--now avertging about 500 tons annually--may

l'rot-in int liizat ion (N1) valui of i14. Pre1ilinary pose a problem. However, plans to produce large

trials Ind'iat(i t hat tha proaliut wa; ara'ept;ible, but amounts of soybeans using parastatals are being imple-

mor etislvti tIv lSt atare liirg undertaken. mented, and a realistic production target of over

2,000 tons is assured. Should dry skimmed milk be

added, a spray-drying plant has been installed in the

DRIUM U QtO J_'I. It It 'ORMIi.ATI(ONS country, and a FA-funded dairy development program

will replace milk powder imports from rbroad.

i)tim-dry lag aroiilng if malze-soy-dry skimmed

milk pIwtr wra i carrlad out lay the author (1971).

Tlte most acrptihl, anxture cantalined 80% maize, 10% Securing a Brady Crop Cooker

lill-lat t oy Iliar, Wa dry skimmid milk powder and 5%

iuagar anld had 147 p roatteln. Thv, color and flavor were Efforts are underway to bring the crop cooker

not signtiiaily (liiiererat from the traditional maize now in Nairobli to Tanzania. If this fails, it is

plrtd tsi cii(itiirli li Il ly. hoped USAII will provide a machine for installation

at National ltlling, whose staff is prepared to make

more produc't for countrywide testing and full-scale

IIRAItY Ci)(tKER i1 'Ri) tlC.TS production, shoul the proposed aid project go

through successfta 1ly.

Otht ir I tirtnula t developed by thie atthor were suic-

cessfail ly )rl)a'iract throitghi the Brady cooker in The Tanzanian Food and Nutrition Center logo in

Na I rol I. With lelI f rom Coloratto State University, Figure 1 illustrates a new systems program we have

a 1al xtula cantalining 70Z, ialize flour and 30% soy flur which Is aimed at reducing losses of products as they

and ihaving IlZ aratln andti N)U of 47 wars produced. finally reach the village-level consumer.

Another tixttare ctntainilng W(17 maize flor and 20% soy

I lotr, with I 1Z protein ;aitl ;an NI'1i of 40, was also

product e. The rllatct s were of gotd color and flavor. CONCLUSION

Pre I hmi ary leed ilag t r ia l s have shown that the prod-

utats .a3V act('')tdtI to ;iall adialt taste planel and to In conclusion, we in Tanzania feel that previous

childrii lin local prliary schools. attempts at producing local high-protein weaning

foods elsewhere in the world were hampered by high

processing costs caused by the type of equipment used.

CURRENT ACTIVITIES WITI TiE BRAIY IaRODUCT The use of low-cost extrusion equipment may provide

the answer, since the final cost of the product will

Naitritiona val uation, Including routine analy- be within the reach of the low-income needy group,

sis, animal tests for biological value determination hence alleviating the malnutrition problem.

and proteiaSlnF, tatiat t Ioun Otf tt ;a, rid actial clinical

trials arle iinderWiy. .Larie-tatra t cceptal ility rand

toleraintce trials a ve been - atilted. Ilhysi cal tests,

including textlrata, other rheoltical tests, panckaging REFERENCES

and shelf life ha 1v alO It I1cgt . If successful ( Is is

likely), trial marketita plan s will lte made. In the Hlerz, 0. 1972-1975. FAQ. Rome.

meantie, the NatioialI 1illltg Corporati n , on behalf

of the government, has ,s;ubmitted it project proposal to Maletnlema, 1. N. 1975. The Malnutrition Problem.

USAID for it Brady ext ruder-cooker for production of Tanzania Food and Nutrition Center, Dar es

the successful mixtures. Salaam. (in press, Rockefeller Foundation)

Mohamed, S. A., and J. McKeag. 1970. Human Nutri-

POTENTIAL. IMPACT tion Activities in Tanzania. Mother-Child

Ilealth Centers, Dar es Salaam. (unpublished)

If the aforementioned is completed, it is planned

to go into full-scale production of a weaning product Mosha, A. C. 1971. Studies on the Preparation,

to replace commercial imports and USAID-donated corn- Preservation and Enrichment of a Tanzanian Maize

soy blended mixtures currntly coming from the United Product. m. Phi. Thesis. Leeds University,

States for supplementary government feeding programs. England.

Mosha, A. C., and H. M. Lukoo. 1976. Low-cost Extru-

sion Food Production Applications in Tanzania-A

Case Study. Tanzania Food and Nutrition Center,

Dar es Salaam, Tanzania.
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Io.ure 1. The Tanzanian Food and Nutrition Center logo.
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Low-cost Extrusion Food Production Applications in Tanzania - A Case Study

Maurice N. Samaan
National Milling Corporation

Dar es Salaam, Tanzania

BACKGROUND 1. Preschool chlh feeding aimed at children
between 6 months and 7 years of age who are

The National Milling Corporation (NMC) Is a suffering from malnutrition or who are pot en-

parastatal Tanzanian Government agency acting as a tial candidates for malnutrition.

commercial organization. Its basic function Is to

feed the nation by procuring all surplus food grains 2. primary school feeding programs for chldren

from the growers and processing them Into fliished between ti ages of 7 and 14.

products which they itTUrket through a national market-

Ing infrastructure network. NOlC I, the sole author- 3. In-clinic feeding programs for nursing

ized body that control., tihte marketing of all agricul- mothers.

tural grain products. As ;I sidel le, it also cans

fruits, juices and squash and produces wines. Tie above programs are only a start to resolve

the problem and are limited hy available resources.

Its role bridges tie gap between the grower and

the consumer. ;NMC Operate s throughI a national head- At present available resourct. ; are:

quarters in Dar es Salaam, 23 branches and 40 depots

throughout the country. 1. len thousand tonis per year of USAIll- (through

Catholie Ic Ii eltt Service;) iontel tooos--
mainly corn/soy h lend, hulgIgo wheat and oil.

STATISTICAl) DATA The bulk of these foi, l1; dl ti r llui d

through prethol )l fl 1)oga!;(-; ito ahbout

The population of Tanzania is approximately 15 150,000 children. Anotler lprtiou Ik (l!s-

million people, with a net population increase of 2.7% tributed through primnarv sch.o)l feed, l 
-o

per annum. About 50"' of the population Is under 16 grams to abotit V5,00() .hlrtn, Anl the hal -

years of age, and life expectancy is about 40 years. ance iS used fo1r e11 ther hf Id-I Celg tIotIlllttS

The estimated number of children under 5 years of age reaching about 25,00) children.

is 2.5 million, of which 840,0(10 are between 6 months

and 2 years. Per capita Ilncomte is estimated at all 2. Tanzalia (oveInlmeil CtOnt itit lolls fromii Its

average of $150 per year. own lhited restutrces.

The main staple foods are maize (corn), cassava, 3. Local commonity Organizatifn.s operating under

bananas and sweet potatoes. Secondary in importanice a self-reliance program to coubat malnutrI-

are wheat, rice, millet and sorglium. tion.

Malnutrition is a wide ly !;lreld problem at tie At present the niumiter of chlildren needing urgent

various stages of growth from infancy through adoles- special nutrition attention if) Tanzall. Is about

cence L., adulthaod. The hardest-hitl group is that 500,000. Donated )oftds are reachinlg only 5(0% of that

between tie ages of one to two years, which siffers number--represent LIng the critically neely ones. The

from pr tein deficieicy. lhe main tt' cinuses of Ua- balance of about 250,O00 childi-rt (ietentla Oi time other

nutrition are poor prodictio o) cr(ps ;tite improper available resourcts , which art- verv I imlted.

preparation of foods at tie familyv level, coupled

with the l;.ok of knowltedge tt pirtnts albout prepara- Of the total pOupkl;it hot, 2.5 Mll lon ci idren

tion of nutritious food for flik ml uiebers trout tinder 5 years of age expuri utte ilta lutrit ion at var-

locally available ingredients. As TanzitAi i does not ioils stages antd lit varying degree.s. Present dtnated

manufacture any baby foods, it detepnts to the ipor- foods provide only atuit 1KO of thit-S children with

tation of such commoditi.s which, dute to their high 20% of their nutritional requirements.

costs, satisfy only the high-incolile groups of the

population--which comprises a very minor portion of The ',overnment hits ;adopted ilt, policy of self-

the entire population. Thus a wholes;ome nutritious reliance and Is retqtesting donor countries supplying

diet Is a dire necessity, particularly during the foods to conslier their dluiatlons as part of a pro-

formative years, to insure the healthy growth of gram to develop a production capability within

Tanzania. Tanzania, %.hereby materials locally grown or produced

could be uti lized to manufacture :ut ri trous foods at

a low cost.

TANZANIA GOVERNMENT NEEDS AND POLICY
USAII) is at present seriously considering the

To combat the malnutrition problem the government initiation of a pilot project Il Tanzania to extrude

is at present sponsoring the following feeding pro- soy-fortified cereals for baby food. Another line of

grams: action adopted by the government is a mass educational
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program that would reach all levels of the society, greater coverage in reaching needy children.

particularly In the rural areas. The objective of However, the government lacks the financial

such an effort Is to educate the mothers in simple resource~s to support the costs of such pro-

food preparation that would result in improved nutri- duction.

tion by utilizing home-grown agricultural and dairy

products. However, ouch a program is in dire need of 2. To satisfy the commercial market--particu-

adequate Iogistical support and qualifled manpower. larly in urban areas--by offering a low-cost
product, thus reducing (if not eliminating)

imports and encouraging middle-income groups

Tiffi ROLEOF ,,,*r/,:c T rio1,0_;Y to utilize nutritious foods.

About 50% of the population earns, less than $300 At present about 1Z of families with children

per annuii per f am ily. Accordingly, the lower the cost depend on imported baby foods. 'rhe potential of LEC

of extruded ood ,l t lie gre at er a market penetration foods could be as i high as 30Z of such families.

would be expected to reach dowin to the base of the

Income pyramid, thu offtrig a low-cost commodity to

tie lower- I ncoit g'roups. ASSISTANCE SOUCIIT

At present th i coruntry Import!; aboutl 2,000 tons 1. Financial and technical assistance to expe-

of baby food ila a cofit ct roe;( to $ million. Such dite tihe development of a local extrusion

importi are !sird ait alfsu t $4. 00 per kilo and therefore production facility capable of satisfying

are purchased by a very sma;rll perventale of tile popi- national needs.

lation (figh-ircome grorups). 1ISAIID': pilot project of

LEC anticipate; pirodurcton tui be ;old at $0.50 per 2. Donated foods to bridge tire gap until such a

kilo. IHoweve r', tili ; project will only produce about production capability is developed in-country

1,200 tonsn per year on an rilgt-fur-siif -per-day to reach self-sufi cency.

bas is.
3. Fortification of local available raw mater-

The Implementatioi of I.EC terichnology in Tanzania ials through added components that would pro-

would serve a dual purpose: duce vitamin-rich nutritious foods.

1. To product a low-cvoit nutritf ous food, using 4. Technical assistance for mass food applica-

local iaterials, to be channelled to govern- Lion programs using formulas that include

ment feeding programs, thereby permitting materials grown locally.
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Food Production Applications in Mexico

Richard P. Mommer
Uniscope, Inc.

Johnstown, Colorado

INTRODUCTION children and to charitable organizations for distri-
bution to the needy.

Uniscope, Inc., Johnstown, Colorado, U.S.A., and
Uniscope, S.A., San Luis Potosi, Mexico, are agribusi- During the week of May 17, lUniscope, Johnstown,
n sses founded and operatlag under a free enterprise personnel conducted a :jarket survey In San I,uis Potosi
cnvironment. Since these agribustesses receive no in Mexico to evaluate tile high-protin snak food mar-
,overnment financial support, our objectives are to ket potential ( eneral results of [t i survey are
self-perpetuate the businesses through a profit- favorable in this "irea. Also, contact with the poy-
earning system of operation. The question may be ernment was made and some Initiall data gathered as to

raised here, then, as to how a prof it-orlented [Lusi- what is now being doir, to upgrade nuttIt loila levels
ness can provide low-cost nutritious foods to those of the school children. A hreakf;e; pr )grall is fit
in need. The answer to this question Is stated tinder operation which provides one ianana, one orailge , and
our plan of objectives for Uniscope, S.A., in San Luis one dried mlIk-based nutritional hiph- rotv li candy-
Potosi. like block to all public school chillliii. The Catho-

lic Church hin Mexico also buys thisit, hlotk ; iaiitac-

tured by tIle g0overlnent andd Istr iute,' tht im ti tile

FIRST YEAR PLAN needy. The siall block Is cllelid "Nutrimpf" and Is
made by tile Mexican Islt tltt) for Inuancv and the

First Objective Family. The block'; tiet weight Is 22 gr;wls ;ad It
is approxinately l ' ' square by '2" thI k. The baIc

To manufacture and market a high-protein snack ingredients ire! 60', ltOif;it dry milk, MI, siugar, 4%
food to the consumer market. This will be a high- soy flotir, (I.82Z of banana, strLawberry, in chocolate

profit-type business selling snack foods to those flavorings, 1,200 Interatlonal tit (I.U.) of vilta-
people in Mexico who can easily afford this luxury. min A per unit, 216 I.U. per nitl of - Itamin D., 4.4

At the same time, the high-protein snack will cer- mg per unit of niacl, (.035 img per init of riboflavin
tainly upgrade the protein level, especially for chl- and 0.20 mg per unit of vitimil B6
dren who, even though they are among thc more affluctit
members of society, may be suffering from protein Without more investigation, we feel that the low-

deficiencies due to the shortage of meats and milk cost extrusion snack using a high-protein legi-ne-grain
products in the country. We estimate that the profits source will be more economical than a milk protein
from the snack food business will financially support source and will provide more protein for more people.
the business and allow Uniscope, Inc. and Uniscope,
S.A. to pursue the second and third objectives stated
herein. SECOND YEAR PLAN

To accomplish our first year objectives, Third Objective
Uniscope, S.A., Mexico, acquired an import permit for
a low-cost Brady extrusion cooker unit. Uniscope, Uniscope, Johnstown, is to immediately purchase
Inc., Johnstown, has ordered this unit, which will be a second extruder to begin development work on
in operation the first week in June in Johnstown. increasing tile percentage of gelatinization of whole-
Uniscope in Johnstown will operate the extruder exper- cooked grains and other starch sources. Pregelatinous
imentally to arrive at the best possible high-protein starches are being used commercially as thickeners In
snack with seasonings, etc. thc: extruder then will be foods, binders in tablets, -dhesives, au as sizing on
forwarded to Mexico abort July 30. Uniscope, Johns- textiles, ctc. It I. a,tr objectlve to matnuifacttire and
town, personnel will go to Mexico to assist with the market during the second year of operation atn indus-
set-up, early production, and product testing, trial pregelatlnized starch hlitiiitt toi help augment

Uniscope's bts I._ ss finanit lal requirements. Much work

Second Objective n.eds to be lone with the extruders to produce a

highly soluble starch product. Listed in Table I are
Concurrently with the high-protein snack project the percentage of starch and percentage of gelatiniza-

for the consumer market development, to offer the same tion by analysis of commercially avallable pregela-
product for sale at our manufacturing cost to the tinized starches and of B-qdy extruded wheat, rice,

government agencies on a non-profit basis for school and sorghum products.
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In the fall of 1976 at Uniscope, Inc., research
and development work will be initiated on a laboratory

Table I. Comparison of CSU Brady-extruded Grains with pilot basis to manufacture single-cell protein by
Commerical Pre-gelatinized Starch1  synthesis of carbohydrates with microorganisms. Since

protein is a major worldwide nutritional deficiency,
and in view of the current population explosion, we

% of Starch % Gelatinized do not see how it will be possible, for agricultural
methods of today to provide enough food for the
people. The personnel at Uniscope have some ideas on

Wheat 58.8 29.0 how to more efficiently produce protein from carbohy-
drates on a small, regional or local geographical

Rice 65.5 33.0 basis. Ile realize that taste and product acceptance
will undoubtedly be a p oblem with synthesized pro-

Corn 65.2 33.0 tein. If we can develop the proper technology for
single-cell protein manufa:turing, we will target a

Sorghum 64.5 32.0 pilot plant protein op.ration in Mexico and incorpor-
ate the microorganism protein product Into grains
through the extrusion process to improve protein

Paygel 90 (General levels and food acceptabll ity.
Mills starch) 79.2 71.0

We feel strongly that the development of single-
(;M-30 (General Mill cell protein production, in c(m inr tion with an all-

starch) 74.1 67.0 out food production effort through existing agricul-
tural methods, can reduce world hunger significantly.

La.nb Number: 9140 The grain-extruder method of food processing lends
itself as a means through which single-cell proteins
can achieve acceptability by people.
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Transferal and Adaptation of LEC Technology In Chile'

Fernando Sanchez-Arellano

Instituto de Investigaciones Technologicas/CORFO

Santiago, Chile

Since 1969 the Technological Research Institute i. Experimental trials in order to optimize

of Chile (INTEC), with the cooperation of AID, has the extrusion cooking process for each raw
carried out an extensive program of research and materials
development on extrusion cooking of foods, utilizing
a Wenger X-25 on a semi-industrial line. 2. Development of formulas for products

The program of work has been oriented to take 3. Sensory evaluation studies
into account certain factors in Chile such as:

4. Acceptability tests
1. Utilization of indigenous raw materials.

5. Packaging and storage studie.i
2. Flexibility on producing extruded food

products since the limited market existing 6. Nutritional evaluations
in Chile does not permit operation of an
extrusion plant in a single production way. 7. Technical anti economical feasibilities

studies
3. Development of nutritious food products based

on the consumption habits of the population. This program of research and development on

extrusion technology has permitted INTEC to improve
4. Selection of extruded food products with its professional capability by galning vxperlence not

convenient .dvantages such as: low cost, only in the extrusion field hut in ot 1er technological
direct consumption, easy preparation, high topics related with extruton, such as technology of
acceptability, good commercial image, etc. proteins; processing of grains; new aaIvt ILcal tech-

niques; chemical toxicology and physical propert ies
Based on the above mentioned .actors the follow- of extruded products, etc.

ing extruded food products have been developed:

This transferal and adaptation of technology In
1. Precooked cereal and legume flour mixtures Chile has permitted us to achieve several Important

to be used as easy-tto-prepare soups goals such as:

2. Development of infant food mixture based on 1. To give appropriate diffusion of this
cereal and legume flours enzymat ical ly technology throughout the country
treated on a modifiel extrusion line

2. To train highly qualified Chilean profes-
3. Production and use of pregelatinized pure sional staff capable of providing technical

starches in formulating instant desserts service
for institutional market

3. Technical assistance in operation of
4. Production and use of meat extender based extrusion plant

on texturized vegetable protein

4. Technical and economic evaluations of
5. Bread crumbs to be used as industrial extrusion technology

intermediate products for breading fish
and meat goods 5. Capability in evaluating extruded food

products
6. Snack and breakfast cereal for research

The success of this research anti development
A multifaceted production of extruded products program on extrusion has been demonstrated with the

has enabled the industrial cooking extrusion plant to installation of an industrial extrusion cooking plant
be economically feasible, and it is therefore being as a private enterprise. For the last two years,
installed at the present time in Chile. they have contracted the services of INTEC.

The development of extruded products has been An infant food product called Fortesan, origi-

carried out in a series of steps: nally processed by extrusion in the United States,
has been successfully launched in Chiile for both
institutional anti commercial markets.

This example of transferal and adaptation of the
te:hnology has been (lone with the cooperation of AID
and, in our opinion, it is one way to help resolve in

A paper distributed, but not presented at the part the nutritional problems of less developed

Workshop. countries.
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Discussion - Thursday Afternoon

Moderator:

Davj A. Fellers
ItSDA/ARS

Western Regional Research Laboratory

Berkeley, California

Dr. Harper: Dr. Bressani:

Dr. Bressani, I have a question concerning the We have made a corn/soy product with very good

data on soybeans and high extrusion temperatures. In physical characteristics. It suspends very well, and

our experience with both the extruders, we have not we decided to use it as a milk displacer for calf

been able to achieve on pure soybean a temperature of feeding.

325*F. Yet you indicated having had some problem in

the deactivation of the trypsin inhibitor. Would yet The lay calf is a very pecitIi i an ima I. It has

please comment on that in more detail? tremendouis lil iitat itosit n Ii terllm.o o amnlvit Iit elIZVtmes

and ellttric enzvmet', eS- t iil Iv hllill., ithIe I rI-t liour
weeks of l ife. After th t i , tli e ,lii.ll beg lli to

Dr. Bressani: develop a rlmell , and the l h. m till to utlit ioll.

The initial system coi ;l.' t; o: riplacin li ilk prote In

It is possible that tile person who actually with plant . l'loteii. InI tho hvt llfilln" tihe ;nlm;il l's

extruded the two or three bags of soybeans gave me system st-em:s to halindle thi.; very well whii tie amllonit

erroneous data on tile conditions of proce:sshlg. I of tle cow's; milk I very Ihigh. At the end of tIe

just reported tile temperature of tile treatment and it third week, when1 tilt ;Illi01i1t ot I.;int prottin iegfiuns

probably represents tile temperitiro in tile I;is;t pass to IIcreas! in liloptition to tie amountt of food coil-

when we have tile lowest value of trypsin inhibitor. sinel , tilt aillNl l'V'lolI,; tILet'l loW; kiarrlia . You

feed them so 111llV gillo jo I pl'ot e l1, ilil e lt Ii 10l cl

One of our problems has been In working witlh on the other end sot liy ginll;of ' prtel.

Phaseolus vuiqaP1S which also has a very higlh level

of trypsin inhibitor. We tried unsuccessfu II y to We have oniul td tilt' lni lvir;i tV of North Iar(-

eliminate the trypsin inhibitor by lust temperature I in atate hilveri;l ty it;inoe they hiaivi been workittg

without any water addition. In this case, we ties- with the particl.iculr roblm if the ;imal', ls iihiIty

troyed the quality of the protein as we promoted tile to ilgest protein. They li;ive ch;igled tie pl of their

initiation of tle browning reaction involving lysine. product to ;il alkaline ill or an acid IpI ait the biack

When analyses have been run, we will have a more com- to floutrll . ' li; tippl retImtlV eiilehIt; tilt- iinlmlIs to

plete picture. At tile present time, I cannot give you digest the protein. They hl.ivt, t;litiwi ;t;o that this

a good explanation. treatment will even decreil;e, the, l;iibst;ilct, aht.re

calling trypsin inhibitor. We helieve that maybe they

We have also tested the product on baby chicks, have changed tle structure of tlt, food and have made

and their performance is not what you would expect it more accessible to the animal. These are some of

from a wet process of food extrusion. So there are the areas needing more extensive investigation.

several issues as yet unresolved.

Dr. Hanson: Mr. Bleyer:

I would like to comment on this, because it might I was very worried this morning when I heard

be pertinent to the problem. When we first started about the extrusion of soybeans at 325*F and that

processing soybeans we collected product directly from it was passed three times through the extruder. In

the extruder and in tile process gathered steam along our experience, it is impossible to get 325OF with

with it. When we analyzed tile material we found that soybeans because soybeans have 20% fat and that fat

it had a high urease activity, so we made every is a lubricant which makes It impossible to exceed

attempt to draw off the steam immediately after tle 280 degrees. There must be a mistake by tile operator

material left the extruder. When we did that, we of the extruder at TNCAI
t
.

lowered tile urease activity significantly. Last night

you saw tile Brady product pass up a tube where it is But in any case, )r. Bressant says that multiple

actually rolled around in tile steam, and tile steam is extrusion of soybeans--twice or three titnes--gives

leaving the auger at that point. I think it would be better results for chickets. Well, that is very

very interesting to take that steam off at the end of imlportant to me because chickena; are my business. I

the extruder to determine whether that experience can tell you that for many years we have been using

would correspond to ours. In both cases, there may be single pass extrussion at 280*F and it has been work-

some volatilization of the inhibitors at tile time the ing very well for chickens. Dr. Bressani, can you

soy is being extruded. comment on your experiences in relation to ours?
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Dr. Bressani: Mr. Jackson:

At tile moment we are looking at the chemical I would like to ask Mr. Bleyer what amount of his

analysis only, and we have been concentrating on replacement for repairs is he able to make locally--

trypsin inhibitor and urease activity. We have gotten opposed to imports. We are concerned about the

zero urease activity. I don't know yet how tile foreign exchange element.

chickensl theiriselves art golng to be affected because

the experlment kn now in progr,;s. The first week of

the expelimnt al dlC;tW; that wV ,ett lo' much better Mr. Bleyer:

performance. from the c otrtonli(eti meal than from tile

food Iegoieivji l In f loir , vve I hougi we have ad usted When I was saying $4,000 for spare parts this was

the calorie lnta - to Ie tho !;ImI level. As I said, the foreign exchange portion. You will spend some

I don't know what the resullt! will be at the end of money making your own parts and I am sure you can get

the 10-week expeilIment , hut the chicken Is not so somebody to make them very well locally. For example,

sielstlye as other an imals with respect to tile welding on the rotor weldments can be done as many as

trypsIn inhibitor. two times. In our experience, the blend, Maisoy, uses

more rotor weldments than the soybeans because the

soybeans have a much larger percentage of oil which is

a very good lubricant. Maisoy is a mixture of 70%

Dr. Trier: corn and 30% soybean and so you would expect more
wear.

This morning we were presented with some cost

figures and the speaker quoted the life expectancy of

the Brady extruder as 10 years and 10% maintenance Dr. Bogyo:

costs per annum. I would like to ask Mr. Bleyer or

Mr. Jackson what maintenance would be required. I have not worked with the Brady, but I suspect

that much depends on how well you have cleaned your

grain.

Mr. Bleyer:

I haven't noticed any major problem with the Dr. Harper:

machine in three years. It has been working three

years without trouble in Santa Cruz, Bolivia. I Clean grain is essential for the production of

expect that it will work perhaps 8 or 10 years. food products as well as the increased life of the
extruder.

Our experience with maintenance has shown it to

be very small. Our machines run 8 to 10 hours a day.

lit such a case, we are buylng $4,000 worth of spare Mr. Zeller:

parts each year. A year's supply of 4 or 5 rotor

weliments at $2,500, and perhaps 6 cones and cups plus First of all, I would have to disagree with Mr.

miscellaneous supplies. Bleyer on the soybean versus the corn. The soybean

hull is probably tile most abrasive substance that you

will run through tile extruder. You can wear the

Mr. Jackson: insides of an extruder out faster with them than you

can almost with sand. I can't really answer for the

We have only been in production for about two Brady as my only exposure to it has been here. As for

months so we are not in a posliton to accurately the [nsta-Pro, we normally figure $1.50 per ton. Of

answer the question. We have had some startup prob- course, there are people that do just like they do

lems particularly with the rotor weldments which with tile Bradys. They have a local person make

Indicated, as I said, that we might have to use up repairs and they will 1 get additional tonnage. I don't

to 25 of them each year. Ti'his would make It very think on a regular labor market that you could to

expensive. But, in general, I agree with the $4,000 this, but In some locales yOU can.

per year estilmate--i think that Is in the ballpark

after we get into production. I would like to state that we have processed
hundreds of thousands of tons of soybeans and have

never encountered all of these problems. I am sure

Dr. Ilarper: Dr. Hanson, our nutritionist, could cite a number of
questions about feeding that don't have anything to do

Let us look critically at tile maintenance cost with the soybean Itself. As for extrusion temperature,

estimate CSU presented. Ten percent may sound like a I can't see how anybody could ever get it up to 320

large figure, but you have to remember in tile cost degrees. Our range has always been from 235 degrees

estimates how tile maintenance affected tile product to a top of 280 degrees--maybe 300'F.

price. Assuming we were off by a factor of 10 in the

actual costs of depreciation and repair on the It is a matter of observation over a period of

machines, it would still be only a very small fraction time that explosion gases and water vapor have to be

of tile total production costs. This is tle cost taken away from the product immediately, because if

the nutritious blended foods In-country are going they aren't, the product is going to reabsorb the

to be dominatfd by tile costs of the raw ingredients. trypsin inhibitor or urease. When we first began

Fifty to 60% of the total cost of the final product processing high-energy soybean meal, we had diffi-

will be raw ingredients. So there can be some error culty obtaining acceptable levels of urease activity.

in those estimates, bit I don't think it is going to We concluded that the reason was that the main proces-

make a major effect on tile final product costs and sing in the Wenger was done in a heat-exchange auto-

the potential of nutritious foods produced on LEC's. clave with the moisture raised to 35%. Tile product
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went through the Wenger mainly as a expander--just When a mixture of egg albumin and glucose is stored at
compressed and released--so there was enough of an 37*C and 68% RIl, the brown color can generally beexplosion to deal with release gases. Using that detected visually after one monti of storage. However,method we never did achieve a lower level of urease biological measurement by 'i v'I ,, meth Iods show thatactivity than about 1.0 and the level in the raw bean the nutritional quality t- of teiltixture is decreased
is 2.0. after 10 days (in some caseS, after only ) days) of

storage with a 30 to 5: los, ill nutrit tonal value.
It is also possible tHat ext ru:Si on Creslug tauses atDr. Lee: severe browning reaction when atItempts arti made to
elmintiate trypsin In i lb it lol In soy through high tom-I would like to make one further comment regard- perature eXt'luSltl o.\ne ther genller ll oervatoll i!ing the relationship of color formation to the nutrl- that when rats art, ted browned piroleIn, I lurhiea ot'Curstional effect of cooked soy. A key solution of this at a nll abnornlaI rate. Alt er tWO wetekS t I Iel lu,, tie

problem may be that the browning reaction occurred weight gall of rat!; [,, tilt' browned protll I gnllt I-during extrusion cooking. Our group has been working cant I le Clile whetn colpared wI With a1 ont ro roup.on non-enzymatic brotning reaction research for maIn' I'reSeSOtlv, We Me Itt gla'.;t lug tie t CIl e ('xttll-
years anti recently studied its affect on1 the1ili ntri- slon 0n tiL brawniog, ret Iloll andhopelu llv, oVe Ihtional values of protein. When the biownilu reaction next stvterall Imollotiha, Wet will o1tal1 t;olll' Si glll It lr;int
occurs, a loss of lyslne has been indicated as well as result ;. In addlt ion , we wIll det trnl ,ie tie pilp i -a decline of PER value. Our work las further shown pancreatln ;ligat index of val-ionls ext rtlded product s.
that supplementing the browned diet wit ly hitne cannot We also plaiit to use vArious " M "1' tethods, to
fully recover the nutritive vailue of pt-oteini. This deterlint, the extent of the br-ownilg reaction oilmeans that there are perhaps some physiologically prOtein-sigar mlxtuiis under diferent ext rusion
active compounds formed during the brownilg react loll. cooking cond It Ions
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Food for Peace Program - Past, Present and Future

Daniel E. Shaughnessy

Office of Food for Peace

Agency for International )evelopment

Washington, 1). C.

TIlE PAST AND PRESENT program averaged about 2 million met r ic tons per yeaIr.

reaching the peak of 2.9 mlIlion tons In 1 02. THe

Public Law 480, the Agricultural Trade Develop- principal commodities shipped under the donlt o pro-

ment and Assistance Act of 1954, authorizes the Un ited gram during thiLs period were wheat, Ied gia iis, rIce,

States Government to finance long-term credit sales of nonfat dry milk (NFI)M) and oil. S lte iletse were s;n-

U. S. agr icu 1 tura I commod it Ils to friend ly countri es plus years Iln the ln it ed Stait es, t Ile Proru 0tervtl

that cannot pay on normal co-mmett' iil terms. It alIso the dual purpose et loteding, the huo ,iv whlte at the

author izes do1iIt iol o oC0n1od it it; to feed ilttltld "(I, same tlInle redi' i u l s uiT c 11i. t uIiini I t I It; het i III 1 I. S.

undernourished, ;Ond dis saste-st-r ckt'l poiie i kil ait ionts of warehouses ;1nd gi'i lln il-evlt rs. 'Tit - qu;intliv I i ) od

developing nitenio :;. 1l1 evet l I I. ) .. 48 Prograim is ali( avail hible for Sitlitlient inder I'. I.. ,i.l di l r l ', till.,;

generally relerred ta t; Food Fot' elIt ,. Ill ri-Ct-it period was I luIlttd by a I t- ldlit l\e tdoI I ii cell Ii .l

years, it has aL Ot lIteO 1 r I'. S. agriCul tturai l exports S1 .) fill I I oi r tot" -ol t- itsin l i.lt-s ild ',,l1) milli ot

valued at approxim -telv 51 hillion I V'eitl. for donut ion.;. Duli'lg the talryv ptrt tf tlh ; pt-, lo
1
d,

there wa s not i grteat d l l (It I mlhil;. pIa netid tin t lit

The s/als ptr ui1.r i l althor ed t y T I it le I (If the development of fortit tfl l ootsa nor we; tiht devte l p-

At t . Sales If fotod ;ool filhir are-0 ml L i thiough private Ilient potentil I l I footd aid tully rt-it iv eid.

trade chianiels, geerIl lIv 1t1-07 priv teIN owned OM-

modity stocks. The COtimou dit V Crtedit Corporat fi (CCC)

of tL1e Uited Stta DItparlrtmet tf Aritoltore (ISDA) In 196) there were Mair ahilt. in I'. I.. /80

finall Ces the s.l Ie'; ;l1 is I(' IIIIl I;rsed t1 loli p0 I cy. The COtmOdti C' , l I new del tIIIlI1Lid by the

appropriatihms. Secretary of A),tliclt re Il t lt , "avaIlliabl" II ising
theml for food aid ptlrpo:;es %Vill not rteductt, thet sopply

The doltnat ion proIr;ll ;lithorizetd lllder itIle I I needed fur dolt-st ic c onsmiit foil, uirr-tiver- and t om-

of the Act is idministt-rt }i\' tb ie t r liter- Illtrt La extltrt Iteti' . lit- 1966(t A1it-lltItIn-ull tilddtd ti i'r-

national ilevelopMIent (AlI)) , with th lit Ilpir ilt of ence to sell-ttli I I ort a tot Ihe pIart of the rec ti plet

Agricuil Lure tet erlnilli lg coimiodI Ly va i lb I I i ty and count t-V . It i Ia; r'III I dl lit-I or ti ;ill a '-lit'll Ia S IntiAlU,

purchasling the commod i tit s for oversts shipment that filt eva tluti~it fil i tl t e tht toi'titrv i 
; alt tipt t)

Actual foreign di;t rilut ion is madue v voluntaIry acthi eve st-eI I -['i I ill i' e , i lli iI ', i ta el lit I to it,-I

agencies (p'VO') , internito inal o-),r;uiizat ions, or food product foil an p pilllit fill ,'rowl t probleims. S InTc

foreign govereitIlt4s aitil is muolitort-t Ibv All). 1907 , Srt e tln h Va iln lude d lii i l-titp -l-il-r I.i l

TIte C011 rt sS al I SO ill d I ittid rt;i It11i Irt'tiiit t In) lit. I 96)
As originllyN eilitlt d, P. L,. 4 M{ stated as its leglslatlfoi til a pro ,,re,!sive I tr imtll be. 1idtll, Item

general purpoise "To incre lO t' fol oitll il of United fttigt c-litriitrrentv s;ilIs to Iot -t etll c ditril a leIu .

States agricultural commod it ios in lort-igo countries-, Tis transit fotl was colmpltet,'d it tiht ind i(i 1971. Iln

to improve forei in r-l;it nits it ti-t- Illited States, and addit oit, ;lit iltitiiti ittt to Stt Ion 20 1 itlhorizi-d the

for other puit'its '." Ihe origin l law wlaS not stilt- C('(' "To pay, with respect l tt ('-timiodi tIt I0-, ;ldt' Zav;Ila-

statntially chantgt-d uIltil 19 6 6. I)uring the first 12 ie undt r TitIt II of thi Act, cost Ir ior 'ktglnu,,

years of tile tr-era ti period fromL 1955-196, enrichment, prt-Wrvatlt , t rt , l'icat itoi, proct.ss;ing,
United States surplus .stockt; plavyeo i major role inl tranisport:lL fil, hillidl 111 aildt other ilulidela]d costs

niaintalinlng tilt balaice he-wetn wotld food Ctittlltlnp- ilt to t [ii- L lint' tf thei r del Ivtry ft e oit board vessels

lion and world food 1)rodutict bait. It was in this p-'iod in th titet td SaLtus p0tI' tS. .

that the U. S. food aid program reached its h IgiesL

volume levels. From 1955 to 1966 the total foodI aI f' hese cIne; 1 ; I .. 480) legislit Iti added a

program, I. e . , dona tilts and colicess iolli I sltes, I imeIts ion to tit Fiood For Ptace lprogram. It enabled

averaged 14 milliion tons per year with a peak of 18.8 the Food For it-ate Off Ict of All) and the U. S. Iepart-

mill ion Llls Itt 1962. Of this amount, the doiuti on ment of Agrit Iur e, it coolierit ion w ILth fIotd pt roces-

sors and trade alt'soc Lat ion, -- su( I s uThe MI I Ier Feder-

l t Ion, The Wheat Assoct aes ind IllI gut' As so" Iates--to

uThe factual and background material presented illn this develop low-cost fortified food!; aSpecIflCially tngl-

section represents a combination of several docu- neered to overcone setioti, dietary deficiencies of

ments prepared recently by Lhe All) Office of Food recipients itt devlopin g t-ttittLrea.

For Peace. In particular, a paper dealing with

U. S. Public Law 480 foods recently presented to For several years prior ti Lhe cha ,ge In tile

the United Nations Committee ott Food Aid Policies legislation, there was t growltig awareness of the need

in Rome by Peggy Sheehan, Chief, Food For Peace to provide more nutritious foods through the donation

Program Operations Division, has been heavily drawn program. In December of 1961, tlte Secretary of Agri-

upon. culture established the "Committee on Food Processing
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in Developing Countries." Tie members of the commit- ities required to meet famine or other urgent or
tee included several agencies of the USDA and the AID extraordinary relief requirements." Additional amend-
Offices of Food For Peace antd of Nutrition. Tire com- ments to Title I require that 75% of all Title I
mittee'n function was to "conoildr specific research resources go to countries with an annual per capita
and development In or for developing countries and to Income of $300 or less; added a 15% "loan forgiveness"
recommend approlir at, cour,;ras of action." It worked provision; and tightened certain reporting require-
very c losoly with Unit Ih d St;jitis private Industry and ments.
internal onal org ;tmiz;it loun; Stich as UN ICEF and tile
Protein Adviory roup (now rhi l'roti in-Calorie Advi- The legislative minimum of 1.3 million tons
sory Group) of th1 I lt Id NoitIonti, annually will provide tie i)onatlion Program of P. L. 480

with an assured availability of commodities. The
'Ilirouhti ts iorilbined v.lortt; of tilt, United States minimum reqlulresent el imireites the uncertainty of tile

Government, prlvate iiiiluStry, ivers ities, voluntary quantity of food itii( ivlilable to the Donation Program
aigen loes and Ht. lelt rnt onal cotmirull Ity, the U. S. of P.IL. 480. Ihil; prov ;jion should lead to more
donat ion progrn hi!; ivlveid from I progrirn whIlih pro- effective pirogrllii illp leiilLat ion, which in past years
vided only whilev-grain ureal;, noniat dry milk and was disrupted dii to tie ltIc of in ;is ;oreid availa-

vegetable oils Into I progran which, liu the fiscal blItty. lhowever, the law does not specify types of
year 1975, provided ilmotit 5) ierc(nt of Its volume commaodities to he iil) lied, and the program may still
fir the form of enriclhed, fort iflel and/or blended lie faced witl tempora;ry .shoirtagis of a specific com-
foodil, modity which will require substitutions wihere

Ieasb ile.
Thin chainge did not take place overnight. There

have been su(ccessts ail false Starts. Ili the early Obviously, tihe United States will continue to
1960's numeroius tUdILes anrd experimento were conifucted explore the use of new technology il order to Improve
to produce low-cost nutritious foods which would meet curreit commodities. Ili addition, research is under-
caloric, prtotein, and vitamlin-mintral requirements of way to develop new sources of calories and protein.
tire undernourishIed and tihle malnouirshed. As ri reslt New fortifying agents and improved packaging are also
of 15 years of risealch iuld lelId test lug, there are Under review.
three blended foIlds and six fort If led foodls current ly
available under tie 11. L. 480O Title II Prgram. A It Is a continuing goal of United States food aid
blended food cail be dvf ind ;ls a blend of Ingredients donation activities to provide recipient countries
generally conisot it), of a icreal-Iluasid flour or sweet with comitodtlts which are nutritiois; which meet
whey, a protel-iortifyn, alent (such as soy flour or strict specification standards; and which complement
NFIM), vitantiin ;Ii;,ul tieri I a. li part cular, the recipient countries' efforts to develop their own
blends have be n tlrilnloered to iriit tile nlr. it iti ll blended and fortif led foods. Iri this context, a brief
requiretMertf s Oft lhe yoiiig chilh or tIPri;,iatit Ild Jac- review of P.I,. 480 blended food development may he In
tating women. TlIe liltrii e about 2(0 protein with order.
a PER range of 2

.1- 2
.4. A lrtl ifled food Is a cereal

product to which ilther s;oy flour or soy grits has A forerunner of present day blended foods was
been added to licrel;e tile protein level Of tit' base CE"PILAPRO. Ih is praodc t was a ceei 1 gril ;ilaid p ant
cereal. Tire crid product alppii r,; iich tie Sa;iie as tIre protein food desi)rtid specifically for tire preschooler.
nonfortifled cereal. Tihe ookling proierties and It was a coMli iit ion of (IegermTetd cornieal , wheaI flour,
recipes of tire fortified cereal ire usually the same nonfat dry milk, processed soy grits, soy oil and a
as those of tile rionfrt if led verSion. vi tamiru/mnirral iiiix.

In I)ecemfe r 1975, the Foreign Assistance Act of CEPLAPRO was siloi replaced by cSM Fr iulIa #2.
1961 was amended to IIclIude Signiflcant change Ill tire The orginal cortt-soy-milk bl etid (ESM) consisted of 68%
P.L. 480 legislation. The new foreign assistance act gelattnlized cornmeal, 257 duf;tted soy flour, and 5%
was renamed the "Internatiial ievelopment and Food NF)N enrichud witli 22 vitamins and Minerals. The
Assistance Act of 197 5 " and amenled certain sections present formulation consists of 59.2% precooked corn-
of the Agricultural and Trade )evelopment Assistance meal, 17.K delitted soy floor, 15% NF)N, 5.5% soy
Act of 1954 (P.1.. 480). The new act makes specific oil, and 2.8 vitalin arid minerals. CSM contains 20%
reference to goals set by the World Food Conference protein, and it has a oroteiti efficiency ratio nearly
and amends P.L. 480 to reatl "Pursuant to tile Worll equal to the 2.5 PilER of NFI)N. CSM is almost com-
Food Conference recomendatio that donor countries pletely precookcd and can easily be incorporated in
provide a total of 10 million tons of food assistance the food of most countries. It can be added to soups
to needy countries annually, the lresident Is urge(] to and gruels, unl avened breaid, desserts, or, being
maintain a sigrnificant contribution to this goal and highly soluble in water, used Its i beverage.
to encourage other courntries to anintain and increase
their corutir ittons as well." Another ameitdtment of Instant CSM, a fully precooked modification of
particular significance to the Title II Donation Pro- CSM, was developed prinmarily as a weaning food for use
gram is the adlition of a miniimum tonnage requirement in child-feeding programs. It also extends the use-
giving priority to Title It activities. The law reads fulness of CSM to situations wiiere cooking facilities
"Tire mlnitiuil quantity of agricultural commodities dis- are limited or non-existent.
tributed under this Title ('liltle II Donations) shall
be 1,300,000 tons, of which the Minltium distributed Another blenletd food is wheat-soy blend (WSB).
through nonprofit volutntiry agencies and the World WSB was introduced In 1969 and is popular in areas
Food Program shall be one million tons in each fiscal where wheat products are already prominent in diets.
year, unless the lresideit determines and reports to WSB includes 73% wleat-based products (such as bulgur
the Congress, together with Irls reasons, that such flour and wheat-protein concentrate, 20% defatted soy
quantity cannot be used effectively to carry out the flour, 4% soy oil, and 2.6% vitamins and minerals. It
purposes of the Title: provided that such minimum has a 2.4 PER as compared to 2.5 for casein and is
quantity shall not exceed the total quantity of com- more than 20% protein. WSB is also precooked and can
modities determined to be available under this act be used as a beverage, in soups and gruels, or in
pursuant to Section 401, less the quantity of commod- bakery products such as cookies, snacks or cakes.
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A recently developed nutritious food is tile whey- AID/FFP then asks USDA/ASCS to buy small quantities

soy beverage mix developed through the efforts of AID, for testing by program sponsors such as CARE, CRS.

industry, and, in particular, tile USDA Nut rition and and WFP. The testS are general ly conducted in on-

Agribusiness Group. This is a product also designed going projects in selected countries around the world.

for tile preschooler. It consists of 417 sweet whey, The product Is eva11lated inkt 1.01u11S r'c I ipieut accCp-

36% full-fat soy flour, 12" soy oil and 92 corn syrup tability, shipment a1d SotO-ige qua l ities, sld adap-

solids. The nutritional value per 100 grams of com- tabilitv to local coutdit lons and taste Pat tellis. Ill

modity is 435 calories and 20 grams of protein, with some cases, FFP spec ifice; that a ptrt Iull !t oduct

a PER of 2.1. shoi iId be d istL r iIt ed to one cat egorv only., !; ii all

riaterna1-ch Idi feediug pito ralls, o r it, otter colsvtls

In addit Ion to tile bliended foods, there have been FF1' makes the product lValiable to Aill loiig-am tVpes.

a number of other foods especiallv engineered for the If, at tits Stage oit test lug, the rIsults!; ate still

FFP Program. For example, buIgur wheat is produced by positive, FF1' then asLs that the ctominodtv he added

boiling whole-grain wheat, drying it, removing some to tie I'. 1.. 410 avilailltv list. Al ter I inal

of the outside brand particles and cracking tilt kernel, approval by tilt, S 'cretarv til Agriculture, the coill-

Some might know bulgur wheat as wheat pilal. In moll I ty I Va wi I lille Ior wor lIdwide use.

Syria, Lebanon, Egypt, TurkeV anid other Middle IEastern

countries, bulgor has been the mllallnstav of tile dilet The It. S. (ovel-iitit, it . S. luli;t\v, Internsm-

for many centuries. liI lgur Is even r lerrt'd to ill the t ionaI agelic ies, 'Ind tiill v l! It y t talli; havt a Ilo

New Testament as "Arisah" and has been known for ilmany assisted developllg ctiintrits in tiei dtev, lopmet, pro-

centuries as bulgor, hulgtir and turgt'e, hile tI gti- tihict ion aid market ing of fortified IlndlIgetious foodil.

lar (nonfortified) hgur its very\ liltrt ious ant pro- 'the object lVe o'f tlevelOplnlg highly itl'.1 i Ions tOt-t l-

vides 354 calories and 11.2 gran; tio protein per 1((O fled foods locallV it tt iti-tiduc tilt' tti'ntildncue tin food

grams and ias a PER of 1.0, tHil' l tittd State; (tivern- aid, nmake better notit eXpanding local p'oduct loll and

ment sought to furtiter ctinianice tilte piroduc tlttt gl evt'itually ellinnilite the It 't' ll i o i tft' a lid i IIxalples

enricl',ent . TIlue f ir;t attmlIpt waS w it lIys llt' tfrt I- of locally prtduced and cill Icd I itI I ii I otIds

fication. This improved the PElR o the coimu it 1 Iv, iiot lic lit I lnilauir l iA Ill Ctlit laI Ater I ca dt,. ri iread l lu

production problems eisued tile to the I liiuitd SuppV [in ia, 'ina in (iivana, ort it lid Atti In Ind ia, anI

of lysine. Soy-fortified bulgur r'placed tilt' lyvine- Balahar ill India. I mlyn til the'i t ', Title II

fortified version, and it provide 150 calor les and donation foods wert' prlot t V,'s r I I t lit' Iota ly lir-

17.3 grams of protein per 100 grants, with a P'ER of duced food . li stili case's , Itgl'ei doiint lons hav led

2.3. Itt tile Title I I Donat lol Program soV-ft ort if Ietl to the tleveltipment and market lug t'f 1iat I Iv priut et

bulgur now "outsells" regul ar bulgur by ai rtit io of nut rititus foods ratLher than to tt'eulIence.

2 to 1. In fiscal year 1975, 423 mill itol pounds of

soy-fortified )1u1lgttr were Shipped, as compared to 178

million pounds of regular bulgur. TilE FUTURE

Another newly developed fortified cereal is soy- Whitle tiils paper does tiOt itilI with tle specific

fortified sorghum grits (SFS;) . 'flt' product was first operational aspects of t he P... 480 program, It Is

introduced In tile sorl,hull-coosumlig area of Africa, impor taut to ket'p Ini mind that Tit It I I donatio pro-

principally tile Sliel. During the 1974 drought sev- grams are totally dipdillt oil accuritt' planning and

eral thousand ttIns of SFSG were distributed to tie field management . Coopera t Ilg Sptmnsors Such ias

victims. Tile product provides 159 calories and 16 American vollttary agencies have long recognized t iis

grams of protein per 100 grams of product and has a fact, and It Is in my plnion axmlatilc that regard-

P"IR of 2.3. 
less Of ally iuew directiots the progratit Itilt t take,

management Is particularly Ilmportant hi tilt- area of

Standard cereals such as wheat flour, cornmeal, nutrition deliverv, whether lmporttt Title I1 foods

aid rolled oats have also been fortified, and the or locally processed ftoiitlod art' used.

donation program now supplies soy-fortified flour

(6% and 12%), soy-fortified cornmeal and soy-fortified 'iits emphasis olIlllagt'lielt in nutrition delivery

rolled oats. 
focuses tin the fact tiiat available restoirces, whether

imported or inldig entlti, litUtt le properly used. '['lie

In every case where a new commodity has been Title 11 gtra ham i been the pr'ma y direct nutrI-

designed, developed and finally introduced into the t ion delivery ptoiram--ln the sense of actually

Food For Peace Program, very careful analysis and 
dellverig a nutritious food tupIementL--tLhat the

planning preceded this introtduction. For every new United States Govermeltnt ta Siportttd oil a consistent

commodity added to tile prog ram, hundreds may have been basis as a part of its overs;uas ftitei gn asslstance

reviewed and determined to be unaccepLtaile. As noted activities. Direct nutrition lIntervntion, for most

earlier, the group responsible for this review is tie hutgry people, t.ltan:; food--iltitiedialt'ly niitI In constl s-

Processed Foods Conmttee of USI)A. Members of thls tent supply. For malnouislied peolie, It also Means

committee incltde representat ives froni USDA/ASCS, FAS, mtrtiiout fotd--oftell pocessetd, ftortified and high

ARS, as well as from AI)/FFI and All) Office of Nutri- it lboLh irLtotei asd calories. our Title 11 program

tion. Only after a commodity has passed tile pre- delivers stch food. Tht refore, If Someone said to me:

liminary evaluation of this committee it; it tesled ill "Show me previously miltourtshed people who have been

the field. The committee attempts to certify (1) that made well by the prompt and direct intervention of

there is a need for that commodity to meet a specific 1.S. aid," I could show thalt person millions of

program objective; (2) that the cost factors are Ius- Title II recpients.

tified in terms of delivered nutrition and product

versatility; (3) that the supply outlook for basic We know that ;I number of countries tire interested

ingredients is good; (4) that tile commodity has all in developing their own processed foods for feeding

acceptable shelf-life; (5) that there are sufficient program activities. Many already have done so, and

potential suppliers ready to produce the product; and others would like to in the near future. We also know

(6) that the commodity is legally exportable under tile that often such desires are not always based on econ-

provisions of the P. L. 480 legislation. If this pre- omy or cost efficiency; rather, they are based on a

liminary review of the new product is positive, desire to "do it themselves." Our approach in such
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cases should be to support interested countries in due to supply or money problems. No, due
achieving their own goals. I would cite as an excel- to the fact that an assured supply exists,
lent example of this, the work of tile Nutrition and Title II can be used as a "pump primer" to
Agribusiness Group and Colorado State University in mix imported foods with local foods to begin
adapting extuslon techniques to such needs. an extrusion facility's operations. Title II

programs in other sectors of a country can be
In the context oi the Title I feeding program, used as a "sweetener" or incentive for a

locally available, low-cost extrusion facilities meet government to support and experiment with
several noenh: First, th,,y allow a country to supple- extrusion activities. Finally, continued
ment or mix imported foods with loc;ll y processed use of Title IT deliver), systems can allow
foods (this 1i; important becarrse It g ives that country for an easy transition to tile use of locally
a chanre to try out rsuch techniques; and Itl I iz any processed foods.
recent tecluol ogy ir apricitrural production). Second,
they allow for a :t retch pll), of Imported food resources 3. 1 see tile potential for a wider use of forti-
to meet wId,,r requirements. Third, a great deal of fied and textured products. This might take
on-sito techircal tranin and iulrastructure-ullding the form of fortification of imported grains
Is accoml, liud with ti. i11troduc' tion Of sucih a facll- such as Title I or couiomercial imports; it
fly. Fourth, the rro of local extrusion facilities might be the fortification of locally pro-
may require a r' e In 'it I I I Comlod ity composit ion duced commodities; or it migit le their use
for a part Icular progrm, but it will Inot necessarily alone in feeding, nutrition or commercial
mean a loss Of tire '"IrkI'ent" f rom tl U. S. supplier's marketing prograis. Whatever tire potential
point of vl,,,. FIr:Ilv, the development of extrusion use, the imptlicatiois for ermploying extrusionfacilities c; r il ly rerni an ilr t;rrrtant element in techniques are immense in thi; regard.
rural develoIiOellrt Oil a iMiir' r-scile: serv ir, as an
externsin of the apricultural markuttlng process, 4. With regard to host-country funding and sup-
trainin g techniclairs ard p'roviding employment, gener- port for extrrrsion activitics, tire recentatig funds for local health and nutr'cion activities chrangs in tre P... 480 'ite 1 legslation
and] strengthening, local Involvement in feeding calling for "loan for iveness" and aIded
programs. emphasis on self-ielp and developmental rela-

t~onshlps betwenO food aid and other forms of
development assIstaire shouIld be examined

So, as I look to tire future, I see a number of carefully. These provisions may allow for
possirle changes In P.L. 480 direct ions--some tile more support of and interest in locally
result of legislative changes; some the result of processed food activities than has been the
changes in approach; soie tire result of cLanges in case to date.
need; and nearly all relating ir one or another to
local processilg or extrusion of food: 5. 'Tile attention of tile World Fcod Conference,

international organization., prominent
1. With the possible exceptin of disaster experts and many otier factors have prompted

rel ief act ivi ties, 'rtle I I reciie tnts should the United States; Congress tr focus America's
not receive whole gprains. This means that foreign aid on the "poorest of the poor."
sueh food amSt be fr If ied and processed Food aid and com pl emen tary activities such
here in tire United States, extruded or as those carried out by the groups repre-
processed in the recipient country, or sented here fit the framework of these "new
blended and fortifled with other local directions" perfectly. As a result, oppor-
Ingredients, to achieve higher nutrition tunities now exist to link activities such
levels, as local extrusion to broaden programs of

assistance where they will both strengthen
2. The legislative minimumn of 1.3 million tons and be strengthened by a wider scope of

annually for Title II programs insures that, program action.
to the extent any food is available for P.L.
480, Title I receives its share first. In summary, I see several changes in food aid
This means that further work and progress taking place in tire next five years. Without excep-
on locally extruded foods can proceed on a tion, each will provide opportunities and difficul-
much more positive basis. We no longer have ties. However, each will benefit by forward planning,
to justify local extrusion because of tire innovation and local incentive. The time to start is
danger that Title II inputs might disappear now.
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Discussion - Friday Morning

Moderator:

G. Richard Jansen

Department of Food Science and Nutrition

Colorado State University
Fort Collins, Colorado

Mr. Samaan: Mr. Samaan:

You made the comment that Title II commodities 
Are saying that provided it is for relief pro-

are also given to initiate local competency in devel- grams or for free distribution?

oping these foods by manufacturing them locally. This

is precisely what most developing countries are inter-

ested in. low do you envision this if all commodities Mr. Shaugnessy:

under Title i are donated and distributed tree to the

needy? You don't have cash supplements, and if the No, I think it can be in any fairly well-defined

country does not have Title I monies, what other and planned program activiry. I would not even rule

sources of finance could be made available? Another out the possibility of developing a commercial weaning

thing is that in countries with Title I funds, the food, for example. There are certain provisions In

money usually is programmed by the recipient country the legislation that it would be technically possible

and USAID in the agricultural sector. It does not to waive. It require,, fairly rigorous approvals, but

appear to address nutrition or to develop that it can be done. There is also a new provision in the

self-sufficiency. 
Title II legislation that allows for Title 11 sales

under certain circumstances.

Mr. Shaughnessy:

Let me take the second point first. That is a Mr. Cregger:

very good point: 'he emphasis has been on program-

ming local currency proceeds under Title I in agri- On the loan forgiveness provision: is that

cultural development activities. It was very clearly usually negotiated at the time the sale is negotiated,

stated by Congress in the legislative amendments or can it be done later?

passed last December--when it talked about a loan

forgiveness provision and increased self-help

efforts--that it wants to see more programming of Mr. Shaugnessy:

Title I currency proceeds in area; such as nutrition

and family planning. Indeed, it is my opinion that The legislation provides that the loan forgive-

approval of a loan forgiveness provision will come ness provision now in effect can be retrqactive to

through very quickly if it (loes include certain agreements signed after December. In other words,

activities in these areas. if you have a Title I agreement that was signed after

December 27, or whenever the law was passed, you could

With regard to your first question, I would cite go back and negotiate a loan forgiveness provision in

as an example of how to use Title II foods in the in those agreements. From this point forward, the

beginning of a prccessing activity--the Bal Athar pro- luan forgiveness provision is negotiated at the same

gram In India. Although every potential existed for time as the total Title I package.

the Indian Government to use its own comiiaodities to

mix and blend a fortified food, there was a need to

get the program started by bringing in commodities

such as soy flour and bulgur wheat. This is what I Mr. Sterner:

meant when I mentioned the use of Title II commodities

as a "pump primer": mix them with locally processed Is there any definition to the number of activ-

and available ingredients. Now, obviously, if you are ities, or can you elaborate on the kinds of activities

going to mix a corn-based blended food, the argument that are included?

in the United States would be why mix it over there,

when we can just send them CSM. The point that I am

making again is that there is an interest to do these Mr. Shaugnessy:

things on one's own. A related point that I made was

that we have to be aware of the fact that U. S. indus- When the Congress passed the loan forgiveness

tries that provide these commodities are not inter- provision, It said loans would be forgiven for activ-

ested In Insing markets, but I think there are a few ities similar to those provided for under Section 106

nanufactuiers of CSM, which, when given the choice of of the Foreign Assistance Legislation--basically, the

aither shipping cornmeal or nothing, will ship corn- traditional catalog of self-help activities ranging

neal. I believe that Title II activities can be used from agriculture to nutrition, family planning,

to get these programs underway. health and so on.
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Mr. Van Ioogstraten: relationships to agricultural development or something

similar--that is going to be firm.

You have not mentioned the matter of ocean

freight reimbursement for those items which are not

provided tinder P.L. 480--in other words, agency- Dr. Trier:

supplied technical aids, supplies, etc. We will need

to know whether this continues or not. You mentioned the importance of local entities.

Do you mean local governments, local private enter-

prise, local universities or USAID missions in the

Mr. Shaugneasy: country?

As you know, the ocean freight reimbursement

program administered for non-P.L. 480 products is Mr. Shaughnessy:

administered from fundsa made available under the

Foreign Assi tance Act and not under the P.I,. 480 It could be any of them. We who work in Washing-

legislatlon. lhert, is a statutory limitation on how ton and are familiar with the opportunities available

much money is avallable. I think it was recently have the responsibility to get more information out.

increased this past year; in fact, I think it was When you have an opportunity to combine local proces-

doubled, If I am not mistaken. That amount of money sing or an extrusion facility with an existing Title 11

ia certainly available to agencies to he used for program, or to move it into an existing network of

shipment of extruder equipment, etc. distribution, you should take advantage of people

already involved, whether they be in ministries, volun-

tary agencies or whatever. Now is the time to bring

Mr. Van lloogstraten: ideas forward--I venture to say that 80% of really

good program ideas comes from the field.

I simply wanted to make sure that everybody

understood that those funds are available, and that

they are an important part of each process. Dr. Fellers:

A number of blended food products contain special

Mr. Shaughnessy: ingredients; for example, vitamins and antioxidants.

If these products are to be produced in developing

Absolutely. countries, is there a mechanism whereby USAID can

provide help in obtaining these ingredicnts?

Mr. Goodyear:
Mr. Shaughnessy:

I would like to question your statement that

long-term program planning would be made for AER I think one of the evolutions that could well

requests for P.I,. 480. First, when will that process take place in our program is to begin supplying

begin, and second, can you make a competent 3tatement vitamin-mineral premixes and other nutritional ingre-

that local aid mission will crntinue to suppurt MCII dients. An important point to remember is that the

preschool feeding, as opposed to school or other entire P.L. 480 legislation expires December 30, 1977.

feeding programs? That means that there will be a full Congressional

review of the program next year, and I would urge any

of you who have suggestions for legislative changes

to make them known to me, to your voluntary agency

Mr. Shaughnessy: headquarters, etc. It was demonstrated last fall that

we can make some significant changes in the program

Programs are being reviewed right now with a with support from people on the hill.

multi-year concept in mind. We have specific program

requirements listed for fiscal '77, and in that pat-

tern of documentation there are also projections for Dr. Fellers:

'78 and so on. We are not looking at just the single-

year program but at a program's direction, and the But currently no mechanism exists?

review results will be transmitted to our missions in

the field with this concept in mind. We are not

looking for radical changes in the next couple of Mr. Shaughnessy:

years, and if we have a fairly good, supportive pro-

gram for a feeding activity--hopefully, one which will The closest we have come is providing a specific

include some combination with extrusion techniques or ingredient, such as soy flour.
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Discussion - Friday Afternoon

Moderator:

Judson M. Harper
Department of Agricultural Engineering

Colorado State University
Fort Collins, Colorado

This working group mechanism is designed to allow 1. A review of all the currently available

for the feedback and exchange of information among blended foods within or without tile AID pro-

participants. Each of you has an outline and tile name gram would be valuable.

of your particular working group. We have assigned

you that group based on your background, interest and a. What are they?

expertise. The groups are as follow: "Additional

Potential Food Applications;" group leader, Dr. b. How can they be used functionally and

Stephen Bogyo. The second group is entitled "Research nutritionally?

to Improve Manufacturing Operations;" group leader,

Mr. Justin Jackson. The third group is entitled "Pro- c. How much do they cost?

gramming Assistance;" group leader, Mr. F. Merton

Cregger. The fourth group is "Product Evaluation - d. Can the low-cost cooker extruder produce

Nutritional and P1hysical Properties;" group leader, these products?

Dr. Ricardo Bressani.
2. A technical information center is needed to

The outline for each group is meant to stimulate whom all those working in extrusion could

thought and focus attention on issues which have report what they are doing, problems encoun-

arisen throughout the workshop, and we hope you will tered and solutions devised Such Informa-

amplify it. There are four items that you need to tion disseminati,n would help avoid duplica-

consider: potential, problems, perspective and tion of effort and already identified

priorities. We need to examine the potential of this pitfalls.

intermediate technoltgy and what it takes to move it

into tile field. Next, we need to identify problems 3. It would be very useful for Colorado State

from the point of view of things that need to be done University to prepare a general operations

and questions that need to l'e answered so that we can manual--the basic do's and don't -- for

turn them into answers and pportunities. Next, each people working with the machines who are not

of you has a particular perspective as a result of trained engineers but have the potential to

your backgrounds as economists, nutritionists, food do more trouble-shooting themselves. Infor-

scientists, engineers, planners, etc. We want you mation on auxiliary processing, such as

then to lend that perspective to the items discussed technology for grain cleaning, and basic

in tile working groups. Lastly, I want you to focus on quality control procedures without sophisti-

priorities. There are many things that can and should cated instrumentation should be part of this

be done. Your task is to focus on those items plus manual.

any you care to add and to establish the order in

wih'ch they should be undertaken. We then identified four potential food applica-

tion priorities:

Each of the working group leaders will report to

this group as a whole the recLmmendations of his 1. We felt that the most important priority for

group. Finally, we will all discuss the particular food application is in the area of weaning

recommendations and develop a group consensus, foods, which included both ready-to-eat
products and protein-vitamin supplements

which could be used with other indigenous
materials. It is important to determine

Additional Potential Food Applications whether ready-to-eat weaning foods could be

made available that would not require any

DR. STEPHEN BOGYO, GROUP LEADER cooking at all but could simply be put into

banana, mango or other foods.

Our group discussions were restricted to poten-

tial food applications of low-cost cooker extruders. 2. The second priority was multi-purpose family

Before we dealt with specific recommendations, we foods. In this group are soups, gruels and

decided that certain preliminary, general recommenda- fortified flours to replace products pres-

tions were in order. They are: ently consumed.
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3. Third was institutional applications. In Dr. Harper:
this category were extruded foods that
required minimal or no further preparation One of the things that was discussed in the
and that gave relatively good economy in group is a need to develop prototype products that
terms of caloric and protein content, would illustrate snack potential, ready-to-eat cereal

potential, textured vegetable protein potential,4. Fourth were those products with a good blended flour potential, protein ingredient potential,
chance for commercial success. The number etc., but specific applications are difficult except
one category was snack foods, followed by in the in-country context. In other wordq, we can
breakfast cereals and beverage bases--malted give people ideas to raise their horizons as to the
milk or other types. potentials of the machine and some ways to solve some

of the general technological problens, but specific
product work for a specific country needs to be doneDr. Harper: in that country in the context of indigenous ingre-
dients, flavor preferences, etc.

Are there minority opinions from this group?

Dr. Trier:
Dr. Trier:

I think one can make some specific application--This is not a minority opinion. I just wanted to for example, the partially precooked corn flour orexpress the hope that this work will continue but with meal for pasta production in Colombia. They are not
more emphasis on food technology aspects, since the doing it by extrusior,, and it wot-ld be interesting to
ma'In interest until now has been in engineering learn whether you can do it with this method.
aspects.

Mr. Conway:
Mr. Crowley:

I have made pasta-type products from blended foodIn connection wiLh your considering additional product Formula 1--that is, the original CSM which isapplications, were your discussions in the context of only partially cooked. You can run it through aa sequence of events eventually leading to manufac- spaghetti machine beautifully, and it holds together.
turing operations? Was there a consensus as to which As far as your general approach, I think prototype
one or two specific forms had the greatest potential products are definitely a way of expanding the hori-for successful translation into practice? zons of people who are unfamiliar with our technology,

but unless the product is acceptable to the consumer,
it is going to end tip being fed to livestock orDr. Bogyo: rotting.

We felt that when you tried to define priority
in terms of nutritional need, the possibilities for Mr. Crowley:
technical success, acceptance and making an impact on
malnutrition were greatest with a weaning food. The The point of view that I have had for quite some
secondary choice was multi-purpose family food. We time is that extrusion cooking is not a new technol-assigned Institutional foods the third priority, and ogy. It has been in existence for several years, it
we listed commercial applications last because they has been done with various kinds of equipmfnt, and
usually do not need much outside financial aid. prototype products have been developed on many dif-

ferent kinds of equipment. People have looked for
markets for those products, and some have fallen byDr. Harper: the wayside, as always happens in a product develop-
ment program. Others have been outstanding successes.

One of the things that you didn't mention was
the commercial value of ingredients such as f:ill-fat We have mentioned some of those products which
soybeans, textured vegetable proteins or other protein seem to have app'licability In less-developed coun-
foods. 'file reason I bring this tip is that our group tries, just as they have applicability in the United
wasn't very specific In this area, and I would like to States. For example, textured vegetable protein ishear what tile group as a whole feels about these items produced and used in the United States as well as in
as potential new food applications. Colombia and other countries. To repeat this work

with prototypes to me is not good use of resources--
funds or time. I think if we build our work on theMr. Crowley: body of knowledge already acquired on prototype
products rather than spend time experimenting withI think my question relates to this. I don't other possibilities, we would be using those resources

believe the category of snacks is a specific applica- more effectively.
tion. Specific applications are such things as cook-
ing sorghum to mix with wheat-soy blend to make
Thriposha in Sri Lanka, cooking soybeans to make flour Mr. Sterner:
which would he used in fortifying bread in Costa Rica,
and making CSB to supplement the CSB in Tanzania. I agree. However, basically we have been talking
These are specific applications for which you know about the performance of two machines, and within the
there is a need, so you can develop products to meet context of the restrictions of those machines, you
that need. need to determine what can be produced on them.
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Mr. Samaan: b. It was suggested that some new methodol-
ogy should be introduced--like high

I would see the next natural step as the appli- 
lysine uletermination--to determine the

cation of all the experience you have gained to each extent of its degradation.

country's eating habits. 
This is the key. For

example, the white corn in Tanzania is completely 3. Finished product evaluation

different from any other corn in the world. So I

think the next step is on-the-scene application of a. There was no need to propose anything new

these foods utilizing the same methods and fotmulas because this work has been done it, the

that you have used and to see how you can incorporate past by the Protein Advisory Group (PAG;),

locally produced legumes and crops into them. and they have established recommendat ions
for quality standards of ingredients and
finished products. They also have esta b -

Dr. Harper: lished a methodology to eva luIoatt thesie
prod uc ts in an ima1:; andi in hititsan;,

I might say that what we art trying to do here including acceptais ity tests.

is to work with some basic ingredients that would

exist nearly everywhere. There are differences in b. We recommend that Colorado State iUnt vtr-

genetic variety to be sure, but if you combine corn, sity puhl ish a bullet in describing tit,

wheat, rice, sorghum or cassava as basic Ingredients methods used III the sensory and physical

with soybeans, cottonseed or other edible legumes, characteristics evaluations of products

you can gain some basic experience with those ingre- here.
dients. You can determine tite capabilities of the
machine, appropriate quality control tests, utility 1) The protein efficiency ratio (l'".)

and stability of the equipment, funct ionality of tie is one stiht neastement
end products, and so forth. At the same time you can

work in specific locations with lcal ingredients, 2) The bulletin should le sent to al I

applying what you learned elsewhere and adapting it to laboratories working with th is tech-

that particular situation. We have spent very little nology and shouh poilt out those
time here on prototype products in the classical method; whici are essental to main-

sense, because that has not been tite philosophy of the tain a certain ilt iy of tie product.

program.

c. It was suggested that regionall labor-
tories be set up to evaluate tie products
that could not be tviluated locally for
lack of facilit ies for amint, acid analy-

sis, biologicall test Itg with infaints or
adults, etc. There Is :i guidelite also

Nutritional and Physical Properties published by thL, Proteitn Avitstory Group
on what is to be dititv wihten yotui hive at
breeding program to Int.roduice, for

DR. RICARDO BRESSANI, GROUP LE.AIIER example, high lyite into corn; when you
should do tile cthem ial analysis; and when
you should do biological testing, etc.

Colorado State Unvlersity might also
In order to provide a context for our discussion include Inl Its bulletin similar Informa-

we first defined extrusion cooking and what it does to tion onl specific prodt.,t processing.

products. We then defined tile product that we wanted

to make and tile target population. On this basis we

determined a need to control the operation in three

areas. Dr. Ilarjer:

1. Quality control standards of ingredients Processing costs in terms of ingredients, equip-

should be established by the USDA or by tile ment and so on in manufacturing blended foods vary a

countries themselves. great deal. For example, the dehulling step in
processing adds significant ingredient and processing

a. Often we don't know what the products costs. Should work be undertaken to determine If such

should contain in terms of moisture, processing is necessary.

protein or fiber and so we must know what

the material is before it goes into tile

machine. Dr. Bressani:

b. We must have standards to insure no con- That is a problem that was considered by the

tamination of the ingred.ents so as to Protein Advisory Group, and it depends ott what you

guarantee a contamination-free product. want to do. For example, if you want to produce a

food that is to be used for weaning childretn, you

2. Control of the process and related processes renuce tile fiber content as much as you can. In most

of tile products we have been discussing, for example,

a. Colorado State University, having had the corn and soybeans, fiber content is minimal--and here

most experience with the equipment and we mean chemical fiber as opposed to biological fiber,

what it can do, should prepare a set of about which we know very little. If you want to

methodologies that anybody could use to utilize some of these high fiber products by inc'r-

control what is going on in tile machine porating them into other, more expensive products,

and to thereby standardize tile physical for example, pastas or breads, then fiber could pre-

characteristics of the product. sent some problems.
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One thing that really is impressive about extru- b. Transition zone

sion cooking is that you sometimes get a quality you

didn't expect. A specific example is higher digesti- 1) Plugging of the transition zone

bility. You can hypothesize why, but there is no between the feed screw and extruder

real evidence to explain it. Also, in beans we have auger was discussed intermittently

obtained protein quality values beyond what we 
during the conference, indicating a

expected. If we established the reasons, we could need to be able to have immediate

exploit this technology even more th.- it is being accessibility to the zone (in an

exploited at the present time. emergency plug).

2) One solution was to have a plate on

Mr. Van Iloogtraten: the side which would be taken off to
clean the zone when plugged.

I would suggest that a synopsis of extrusion

technology be made available in French, Spanish and 3) The idea of decreasing the size of
other basic languages used in less-developed countries. the hopper was discussed. Because of

the present use of the hopper, it was

felt that the front half of the

hopper could he removed or a new
cowling with hinges could be made to

Where can we get more information on this Protein improve accessibility.

Advisory Group? 4) It was concluded that the accessi-

bility to the transition zone was the

Dr. Bressani: 
priority, and that how this was
achieved would rely mainly on tile

You can contact them at the United Nations in manufacturer. However, a need is

New York and subscribe to their bulletin, which has prevalent on existing units to solve

information on developments in processing, raw mater- 
this problem.

ials, products, etc.
c. Wear on screw

1) Wear on the screw was discussed in

Research to Improve Manufacturing terms of the high price and rate

replacement.

Operations 2) Bolivia reported that a screw will

MR. .JUSTIN JACKSON, (;ROUP LEADIR last 400 tons, whereas Sri Lanka was
getting 100 tons. Bolivia made
alterations and welded screws up to

The group Initially concurred that concentration four times to achieve these results.

should be focused on problems Identified through the

use of these extruders. The first items were problems 3) It was discussed that a high priority

and modifications that applied to each extruder. would be to redesign the screw so

Listed below are the modifications that were dis- that the portion which wears (the

cussed: last 8-12 inches) could be replaced
instead of the entire screw. This

1. Brady would reduce the cost of replacement
and the associated costs of shipment

a. Sanitation as applied to the discharge due to weight.

enclosure
d. Bolt torque specifications - specifica-

1) New box design - a new design was tions for the torque of critical bolts in

felt to be of high priority, espe- tile system are needed so that they can be

cially in a production system. Tile checked periodically.

use of a cowling that could be dis-

assembled upon cleaning and that 2. Insta-Pro - because the Brady has been used

would contain only single pieces of in most situations overseas, the discussion

steel so that internal surfaces were was mainly based on the experience between

smooth was discussed. Triple "F" and CSU.

2) Box sanitation - it was felt that a. Tile new multiple-die head has one basic

this box should be cleaned with a dry problem. This is the high pressure that

air system to prevent accumulation of occurs in the screw, should the dies

water in hard-to-get-at places, thus plug. A need was determined to have a

preventing the proliferation of pressure release device to relieve the

organisms in these areas, pressure before the head is taken off.

3) Steam problem - because tile steam b. The new die arrangement has taken away

that occurs when extruding is a prob- the ability to trim the final product

lem, it has been suggested that the temperature while running. The machine

box be vented in such a way as to be must be disassembled in order to change

able to remove the steam, yet per- these conditions. It was discussed that

mitting easy access to the extruder users have been using the older outlet

internals. head as the total control of temperature.

150



However, for countries using this machine 4) Although Triple 'F" hid indicated

as a test machine, the lack of control that volumetric feeding is inaccu-

during running would be a disadvantage, rate, they conveyed information on
tests that showed the accuracy to be

c. Because of the combinations of steam within 3%.
locks, dies and number of dies, there is
a considerable m..nber of configurations 5) It was discussed briefly that the

possible. Discussion concluded that both solution to this problem would lie

Triple "F" and CSU could make recommenda- in further investigations of accuracy

tions for configurations of different checks, and that quality control

products. would be useful in this regard.
Again, additional Information on dtif-

3. Extruder control ferent types of equipment is needed.

a. Steady power source - it was discussed d. Milling - evaluations of milling equip-

that a steady power source is required to ment capacities and systems, including

operate an extruder properly. Problems the use of lammer versus pin mills, are

of plugging can be alleviated if there is needed.

a constant power source.
5. Problems and experience - due to the time

b. Electrical power sources were discussed factor, many items could not be covered, how-

with respect to installations. Such ever, the last few minites were used for gen-

things as the possibility of installing eral discussions pertaining either to the

an emergency power generator might prove outline or to some previlous; eXper1ence. The

beneficial. follewing topics were discussed briefly.

c. Some discussion took place regarding a. Spare parts - In-country purchase of

realistic uses of extruders in countries parts from the U.S. is a problem because

and the idea of multiple versus single of foreign exchlange and time loss. A

use of extruders. No conclusions were maintenance schedule- should be dIrawn up

drawn. to assure that suff iciIeit spart parts are

on hand when equipmeIt 1!I; ins5 talled.

4. Modifications of LEC subsystems
b. Local equipment manufacturing - it was

a. Cleaning - the problem of having grain suggested that local equipment be con-

100% free from foreign material was dis- sidered in future Installations to reduce

cussed. The priority set up was that problems with spare parts, etc. This

more information is required on equipment would apply if:

that cleans grains of stones, iron, dirt,

chaff, etc., so as to reduce wear on the 1) Equipment was available

machines.
2) Equipment manufactured would be able

b. Dehulling - several ideas were exchanged to meet recommended specifications

on dehulling. Such things as impact and for a product.

aspiration and cracking rolls were dis-

cussed. Separation of hulls from beans c. Freight - shipping spare parts overseas

was suggested by washing. It was pointed was considered from an economic stand-

out that commercial machines were gener- point. Again, if local manufacturing is

ally too large. More information is possible, cost could be reduced.

needed as to availability, capacity and

cost of this equipment. d. Rebuilding and/or refurbishing existing
parts - the number of times a part could

c. Grinding and proportioning be rebuilt was discussed. Two points
were considered:

1) Accuracy - the accuracy of the volu-

metric feeding method was questioned 1) Capability of rebuilding

as applied to a manufacturing opera-

tion. Triple "F" indicated that for 2) Effect of rebuilding on product

these machines used for constant quality.

manufacturing, a vertical batch mixer

is used to insure that the mixture It was established that most-countries

does not change. would have the capability to rebuild

worn parts. However, it was pointed out

2) Volumetric feeders are fine if they that a part can only be rebuilt short of

are calibrated frequently (as much as the point where it becomes a new altera-

daily) and if they are for a system tion affecting product quality.

where accuracy and economics are not

key factors. e. Physical appearance - it .:as felt that
equipment specifically made for food

3) Economics when using a high-price installations should be painted with an

grain plays an important role in an industrial food grade (or comparable

extrusion facility. If the volumet- type) of paint to add to the aesthetics

ric system is not accurate, the cost of the equipment. Additionally, equip-

could be high. ment identification tags should refrain
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from connotations of livestock and particularly the maintenance. The cost per kilogram

related feeding systems. is very important--or maybe more important--than
capital investment.

f. Enrobing or blending equipment for forti-
fication - the major conclusion was that
information is required for this eqttp- Dr. Harper:
ment. The need to include it in a given
system will depend on the ultimate use In all the estimates we have done so far, the

and product required. cost per kilogram is primarily affected by the ingre-
dient costs.

Dr. Harper:
Mr. Goodyear:

Are there any comments from the audience con-
cerning the recommendations from this particular In our programming assistance group we discussed
group? this and suggested that regional information on prod-

uct design, costing, etc., would have more applica-
bility to interested people in those regions.

Mr. Sterner:

I think there was a comment made regarding the Dr. Harper:
dehulling, destoning and other equipment indicating
that there are many different systems that could be In order for these systems to be most acceptable
used at a low cost. I believe there was a consensus in developing countries, we should attempt to use
that there needs to be some way of making, more of locally available equipment and techniques to the

this information avalable--a viewpoint which ties in greatest possible extent. We are familiar with what
with l)r. Bogyo's recommendation for information is available in the United States, but how can we
gathering and dIssemination, best collect information about auxiliary equipment

such as that needed for cleaning, destoning, dehulling
or grinding, which is available locally? Certainly

Mr. Mosha: there would be some real advantages in terms of spare
parts, replacement and understanding of technology.

It seems to me tile consensus might be that it is Are there any suggestions?
better to mix fortifiers and flavors after extrusion.
Is it possible to mix them prior to extrusion?

Mr. Sterner:

Dr. Harper: I think there needs to be a repository for infor-
mation on not only commercially available equipment,

I think we need to examine techniques for adding but also on extremely simple systems for dehulling,
vitamins, minerals, flavors and other things so as to destoning and so forth. Such information could save

determine the most appropriate technique, whether it thousands of dollars.
be mixing subsequently or adding directly to tile
extruder.

Mr. Kelly:
How do people feel about the data presented by

Mr. Stone on general processing systems and their I think it is incumbent on the people who are
costs? Is additional information needed? requesting CSU's help to find out what is available

in terms of the criteria you give them for what is

needed. But it has to come from the field to you.
Mr. Samaian:

I think the data you provided are vital in a Dr. Harper:
country where the technology has not been introduced.
The information serves as a basis for cost estimates What you are suggesting is that you need more

as modified by your own local framework. specifications for processing steps, so that the

requesting party can determine whether local equip-
ment is available that can meet those specifications.

Dr. Harper:

Is that information sufficiently complete, or do Mr. Kelly:
you think additional work needs to be done in order to
provide additional bases for comparison costs? Then the CSU technician could evaluate it more

thoroughly in-country.

Mr. Samaan:

I believe it is complete. Mr. Van Hoogstraten:

There are several places which already function

Dr. Trier: as repositories, but they don't cover everything--
VITA, LIFE, TAICH, and so on. In the area of low-

I would agree that it is complete. Maybe it will cost extrusion, it seems to me that CSU has to con-

have to be revised a bit as we gain more experience, tinue to be the main instigator.
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Mr. Samaan: be needed from the outside, and there

needs to be a flexible funding source

If we consider CSU as the information bank, it available for that. We are thinking of

might also be a good idea for all of the countries the advisability of establishing a

involved in the technology to feed into you their own special funding source which would per-

experiences. If they develop a way to repair a part, mit organizatioins the knowledge that once

for example, this type of information should be sent they have taken certain kinls of st eps

to you for evaluation. If it could be adapted to up to the point of reqUest llg ;a~sfsltluCe,
other countries, you would put it in a bulletin to they have somie asslilance of iecev lng it.

those countries. Flexible criteri alie ; L'ts ary biecauseV
these programs ;ire goilg to hilve manliV

different worklng aGii- ement a. ghl ie-

Mr. Mosha: lines for qual i fitat iou for such f ilu lng
should he establ i shed well in advance.

Is it possible to make the equipment elsewhere

with a license or a franchise? 2. Specific programminhg assistante r ccoumnenda-
tions

Mr. Van Peursem: a. Tile basic principle in development of
programs should be to achileve event ual

This is tied to the potential sales volume that self-sustenance.

a manufacturer would perceive. As for licensing, we

would examine the opportunity to do so strictly on an b. There shoult be maximum local involve-

individual basis. It may be that in the years to ment at all levels from the outset t

come, as experience and need develop, those options even time planning phase prior toI program

can be considered. approval and throughout tile dural ion ot
tile program. This joint venture ;ipproach

should be applied in commercial and
government programis.

3. Specific technical assistance recommendationsProgramming Assistance
a. There should be a clearinghouse for

information.
MR. F. MERTON CREGGER, GROUP LEADER 1) The clearinghouse should not attempt

to be self-sufficient or all-
encompassing but should can rd inate

1. Programming assistance priorities the collection and dissemination of
information with already exlstin,

a. Establishment of the need for this inter- organizations involved In similar
vention. How does an agency determine endeavors, such as TAICll, L.IFE, Meals

whether it ought to use this Intervention for Millions, VITA, etc.

to solve its particular problems?
2) There should he rather formalized

1) This determination requires more relationships eatablished with thes

detailed information oit LEC capabili- on-going information Serv ices for
ties, costs, limits and applications, purposes of input disseminatimo.
so that someone in-country with some
technical background can analyze it 3) A systematic format for reporting
in terms of meeting his needs. should be d eveloped for use itn tile

field to help tile clearlnthiouse
2) Which nutritional problems does this collect and disseminate the informa-

teclnology best address? tion to current , new and potential
users li a coicise form. The siim-

3) Under what counditions does it best marlzed inform;am n huld provide a

solve these problems? referral source, for more details.

b. Availability of low-cost in-country b. Audio-visual communications sioutild be
testing programs - once you have chosen developed to use with written coml1Uit ica-

ti s mechanism, you need to learn how it tions. These shouh be used to define

functions in your milieu. capabilities, to dlemonst rate syStems and
installation proc.edures and to promote

c. Program design, including strategy and them to decision-makers. Thie use of
management - there is a need for know- these materiali would cut costs by
ledge as to how best to develop a program reducing the need for foreign e, xperts.
to utilize this technology.

c. Guidelines for the identification of
d. Availability of funding for capital factors needed for project successes and

shortfalls it the development of the pro- project assessment criteria should be

gram - although our goal is to develop a established.
self-reliant program to the greatest

extent possible, we recognize that we are d. An effort should be made to identify and

working in areas that are short of utilize third-country technical assis-

resources. Certain things are likely to tance capabilities.
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e. Work should be lone to maximize the flex- vide greater income, jobs, etc. However you approach

ibility and adaptability of plant design it, you still need to establish that an intervention

and equipment, with particular emphasis involving food of some sort is required.

on development of gradients, i.e.,

starting with tile simplest design avail-

able and the minimal requirements for a Dr. Harper:

production facility.
Is it accurate to say that you don't think there

1) There should be greater feedback on is enough information available as to what alterna-

existing operations, how they are tives exist relative to providing nutritious foods

working, and how a part.icular piece for given people?

of equipment finally arrived, for

example, to assist others In the

process of )rogram development. Mr. Cregger:

2) In the design of plants and systems That's part of it, although it's not our purpose

there should also be emphasis on here to provide people with alternative programs. In

labor-intensive systems and alterna- terms of this program, though, there were some in our

tive energy sources. group who felt they didn't know enough about its

strengths, weaknesses, possible applications, equip-

f. In the area of backstopping, CSU should ment capabilities and limitations, etc., to make a

establish a pool of resources, not only sound judgment of it.

of people, but also Interested and exper-

ienced organizations, such as CARE and

those available in the LC's. These Mr. Goodyear.

resources should be named and Identified
as to capabilities, how to apply for We also talked about product testing and whether

their assistance and costs Involved, If Colorado State University can fill the need for a

any. central testing facility to act as a backup to people

Involved in LEg technology. Perhaps some guidelines

g. Technical ass istace for installation and need to be developed in terms of what services Colo-

start-up should be designed to minimize rado State Unlversity can provide. Also, if it is

tile need for foreign assistance. Instal- determined that guidelines are necessary for analysis

lation and start-up technical assistance and evaluation of testing, we need to know what we

should concentrate on trainlig rather can do i-country using semi-skilled, local personnel.

than on physically stting up the instal-

lation--an unnecessary expense In most

cases because there are people In-country Mr. Kelley:

who are capable of doing that. Training

should include operation and use of the I think that real emphasis has to be placed on

equipment and the system, etc., and the search for alternatives to the capital input on

should emphasize the development of local these extruder systems.

sources of replacement parts.

Dr. Harper:

Dr. Harper:
Just a point of clarification there. What are

With regard to your point that assistance is appropriate capital requirements? A truck that is

necessary to establish need for this intervention, it used to transport goods in a LDC is worth between

seemed to me that a number of our speakers yesterday $10,000 and $40,000, and an agricultural tractor

documented a need for intervention of some type very between $20,000 and $40,000. Those are two examples

strongly. They were stating a need for some sort of of capital equipment that already exist in these

food supplement or special nutritious food to meet countries. I don't know whether or not they are

tile nutritional requirements of a specific target classified as low-coot, but it seems to me that

group. Is your point that it is necessary to document between the extremes of village-level processing with

whether or not low-cost extrusion cooker technology is a stone and a multi-million dollar plant, there is a

the most appropriate way to fill that need? level of intermediate capital input and appropriate

technology. With this level comes a consistency of

manufacture, quality control, sanitation, etc.

Mr. Cregger:

That is correct. We are pre-supposing a nutri- Mr. Kelley:

tion problem or an economic assistance program in

which food processing or food would play a part. But for me personally, the village-level tech-
nology is the appropriate one.

Incidentally, I 
think it is a mistake 

to think

of nutrition as the only application of extruder tech-

nology. There are ways in which the introduction of

this technology--particularly at the village, small Mr. Sterner:

town or provincial town levels--could constitute the

introduction of a small industry. This would be a What is appropriate in the way of capital invest-

fine economic development input--which may or may not ment depends on the return on capital which varies by

meet a tremendous nutritional need--which would pro- 
the country and the situation.
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Mr. Crowley: We will begin working with other ingredients,

such as cottonseed, other cereals and cassava.
During the course of this meeting we have dis-

cussed potential applications, and it was stated that
the capacity of these units ranges from 200 tons to Dr. Harper:
2,000 tons per year. If you need a capacity in that

range, this seems to be an appropriate mechanism for In addition, we will work in tile near future

cooking certain things. to develop some of the guidelines you have alluded to

today relative to operational manuals, maintenance
manuals and minor machine mod if icat ions, based on
observations anti experiences to date, to make tile
equipment easier to operate and more adaptable to tile
LDC situation. We also will publish a proceedilgs of
this workshop, which will Include your individual
papers, comments, and so ol.

During the summer months we will also be prepar-
Ing a slide/tape presentation covering key issues,
some of whicht have been discussed here. It will give

Dr. Harper: people In the United States and around the world a
better appreciation of extrus ion technology and how

It is difficult to summarize tile recommendations, it call be applied. The three days of Informat ion we

but I think the key point that was reiterated several have had Iere are going to he difficult to distil I

times is the need for additional Information-gatlering into meaningful, hard-hitting data, but we have had

and dissemination so that decisions can be made and experience doing tills before and are optimistic that

programs implemented. we will be able to do a good lob.

I would like to ask Dr. Richard Jansen to talk I now ask hr. Crowley for lls closing retnarks.
briefly about our near-term plans at Colorado State
University for the evaluation and utilization of low-
cost extrusion cookers. Mr. Crowley:

I have ]ust talked by telephone with Or. Martin

Dr. Jansen: Forman, Director of the Office of Nutrition. lie
asked me to convey to you his greetings.

These have been three very educational and infor-
mative days, and our first task Is to digest what has During these three days we have been exposed to

been said here and to review all the papers and tran- a lot of valuable substantive information. Beyond

scripts. There have been a number of specific recom- the substantive, it is the personal interact ion made
mendations as to the kinds of assistance we can pro- possible by workshops like this that leads to much
vide, and they will help us to interact with you. more effective programs in tile future.

As to the immediate future, we are replicating
on tile Insta-'rt, the series of corn-soy blends pro- Dr. Harper:
duced on the Brady. We will repeat tile physical,

chemical and sensory evaluations and rat-feeding Thank you very much for your kind attention,
studies to determine its capabilities. We also want participation and suggestions. We have enjoyed

to repeat on it some of the tests made on the Brady to meeting and knowing each one of you and are looking

determine product quality and characteristics, forward to future con-act.

155



Appendix I

PARTICIPANTS

LOW-COST EXTRUSION COOKERS WORKSHOP

Colorado State University
Fort Collins, Colorado 80523

June 2-4, 1976

Mr. G. Sidney Ambrose Dr. David A. Fellers

Service Chretien d'Haiti USDA/ARS

P. 0. Box 285 Western Regional Research Lab

Port-au-Prince, HAITI 800 Buchanan
Berkeley, California 94710

Mr. Kurt Bachmann
1

Country Director Mr. Wayne Fox, President

Mission CARE Triple "F" Company

Apartado 3571 P. 0. Box 3600

San Jose, COSTA RICA Urbandale Branch
Des Moines, Iowa 50322

Mr. Pedro Bleyer M.
Delegado Ejecutivo Mr. Jose Gonzalez

NUTRINAL CITA

Casilla 477 Universidad de Costa Rica

Calle Miguel Rivas No. 282 San Josc, COSTA RICA

Santa Cruz, BOLIVIA Mr. Earl Goodyear

Dr. Stephen W. Bogyo Field Representative

72 Benedict Avenue 
CARE: West Java

Tarrytown, New York 10591 Jalan Karange Tinggal 32

Bandung, INDONESIA

Dr. Ricardo Bressani, Head
Division of Agricultural and Food Sciences Dr. George G. Graham

Instituto de Nutrici6n de Centroam6rica The Johns Hopkins University

y Panami (INCAP) Department of International Health

Carretera Roosevelt, Zona 11 School of Hygiene and Public Health

Guatemala City, GUATEMALA 
615 Wolfe Street
Baltimore, Maryland 21205

Dr. A. R. Chamberlain, President
Colorado State University 

Mr. D. K. Gupta

Fort Collins, Colorado 80523 CARE: Uttar Pradesh
45, Prag Narain Road

Mr. Howard Conway 
Lucknow 226001

Agricultural Research Service 
Uttar Pradesh, INDIA

Northern Marketing & Nutrition Research1815 North University Dr. Leroy Hanson

Pe Nora, IUlinoisit 61Head of Research Department
Peoria, Illinois 61604 Til F opnTriple "F" Company

Mr. F. Merton Cregger 
P. 0. Box 3600

Assistant Executive Director 
Urbandale Branch

CARE, Inc. 
Des Moines, Iowa 50322

660 First AvenueNew York, New York 10016 Dr. Judson H. Hlarper, llead

Agricultural Engineering Department

Mr. P. R. Crowley, Director 
Colorado State University

USDA/ERS 
Fort Collins, Colorado 80523

Nutrition and Agribusiness Group Mr. Justin R. Jackson

GHI Building 
Assist n 1u. Jacks o

500 - 12th Street, S. W. Assistant Country Director

Washington, D. C. 20250 CARE: Sri Lanka
P. 0. Box 1024

Dr. Beatrice De Mel 
Colombo, SRI LANKA

Ministry of Public Health

Colombo, SRI LANKA 
Dr. G. Richard Jansen, Head
Food Science and Nutrition Department

Dr. Ronald Echandi Z. 
Colorado State University

Universidad de Costa Rica 
Fort Collins, Colorado 80523

San Jos6, COSTA RICA
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Workshop Participants (continued)

Mr. Thomas Kelly Dr. Ignacio S. Pablo, Director

Country Director Philippine Institute of Nutrition,

Catholic Relief Services Food Science and Technology

B. P. 1851 The Philippine Women's University

Yaounde, CAMEROON Taft Avenue
Manila, TEE PHILIPPINES

Dr. Alfred Lachmann

USDA/ERS Ms. Amy Pound
Nutrition and Agribusiness Group Office of Nutrition

Gill Building Technical Assistance Bureau

500 - 12th Street, S. W. Department of State - AID/SA-2

Washington, D. C. 20250 Washington, D. C. 20523

Mr. Richard Langer Mrs. Darline Ramage

Triple "F" Company Chief Nutritionist

P. 0. Box 3600 Catholic Relief Services

Urbandale Branch 1101 First Avenue

Des Moines, Iowa 50322 New York, New York 10022

Mr. Jacques Lauriac Mr. Maurice N. Samaan

Country Director Financial Advisor

CARE: Mali National Milling Corporation

B. P. 1766 P. 0. Box 9502

Bamako, MALI Dar es Salaam, TANZANIA

Dr. T. C. Lee Dr. Fernando Sanchez-Arellano

Department of Food and Res. Chemistry Instituto Tecnol6gico de Chile (INTEC)

University of Rhode Island Casilla 667 - Sector 1

Kingston, Rhode Island 02881 Santiago, CHILE

Dr. Klaus Lorenz 
Dr. Amir Ali Shah

3

Food Science and Nutrition Department Project Director

Colorado State University Pakistan Ministry of Health

Fort Collins, Colorado 80523 Islamabad, PAKISTAN

Dr. Joseph Maga Mr. Daniel Shaughnessy

Food Science and Nutrition Department Associate Coordinator

Colorado State University Office of Food for Peace

Fort Collins, Colorado 80523 Agency for International Development
Washington, D. C. 20523

Mr. Richard P. Mommer, President
Uniscope, Inc. Mr. Armando E. Sonaggere

P. 0. Box 146 Assistant to the Director of Program

Johnstown, Colorado 80534 and Supply
Catholic Relief Services

Dr. Aleck Mosha, Director 1101 First Avenue

Food Science and Technology New York, New York 10022

Tanzania Food and Nutrition Center
P. 0. Box 977 Mr. Mark Sterner, Executive Director

Dar es Salaam, TANZANIA Meals for Millions Foundation, Inc.
1800 Olympic Boulevard

Mr. AtJeng Muchlis P. 0. Box 680

Institut Pertanian Bogor Santa Monica, California 90406

Jl. Oto Iskandardinata
Bogor, West Java, INDONESIA Mr. Marvin L. Stone

Research Associate

Prof Sunit Mukhopadhyay Agricultural Engineering Department

18A Nafar Ch. Das Road Colorado State University

Calcutta, INDIA 700034 Fort Collins, Colorado 80523

Prof. Alvin I. Nelson Mr. Ronald E. Tribelhorn

University of Illinois Research Associate

109 S. W. H. F. L. Agricultural Engineering Department

Urbana, Illinois 61801 Colorado State University
Fort Collins, Colorado 80523

Mr. John F. Okorio
2

East African Industrial Research Dr. Alex Trier

Organization Instituto Tecnol6gico de Chile (INTEC)

P. 0. Box 30261 California 2131

Nairobi, KENYA Santiago 9, CHILE
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Workshop Participants (continued)

Dr. Cho C. Tsen Mr. David Wilson
Grain and Industry Department Program Coordinator
Kansas State University USDA/ERS/CSU
Manhattan, Kansas 6650 Nutrition and Agribusiness Group

Gh! Building
Mr. Jan S. F. Van Ioogstraten 500 - 12th Street, S. W.
Director of Material Resources Program Washington, D. C. 20250
Church World Service
475 Riverside Drive Mr. Z. Zeller
New York, New York 10027 Triple "F" Company

P. 0. Box 3600
Mr. Marvin Van Peursera Urbandale Branch
General Manager of Operations Des Moines, Iowa 50322
Koehring Farm Division
P. 0. Box 1456
Des Moines, Iowa 50305

1Although Mr. Bachmann was unable to attend the workshop, a presentation was given in his

behalf, and a formal paper is included in these proceedings.

2Although Mr. Okorio was unable to attend the workshop, his formal paper is included in
these proceedings.

3 Dr. Shah was unable to attend the workshop.
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Appendix II

PROGRAM

LOW-COST EXTRUSION COGFERS WORKSHOP

Colorado State University
Fort Collins, Colorado 80523

June 2-4, 1976

Wednesday, June 2

8:45 a.m. Pick up all participants at Ramada Inn

Wednesday morning session -- Dr. Judson M. Harper, presiding
Gifford Building, Room 113 Department of Agricultural Engineering

Colorado Stare University

9:00 - 9:15 Registration

9:15 - 9:20 Opening Remarks - Dr. Judson M. Harper

Department of Agricultural Engineering
Colorado State University

9:20 - 9:35 Welcome - Dr. A. R. Chamberlain

President
Colorado State University

9:35 - 9:45 Objectives of
Conference - Dr. Judson N. Harper

Department of Agricultural Engineering
Colorado State University

9:45 - 10:15 The AID Nutrition
Program - Ms. Amy Pound

Agency for International Development
Technical Assistance Bureau
Office of Nutrition
Wauhington, D. C.

10:15 - 10:30 Coffee

10:30 - 11:00 Extrusion Cooking as a Utilizable Technology to
Produce Nutritioui Foods

- Mr. P. R. Crowley

USDA/ERS
Nutrition and Agribusiness Group
Washington, D. C.

11:00 - 11:30 The AID Program to Utilize LEC's in LDC's

- Dr. Alfred Lachmann
USDA/ERS
Nutrition and Agribusiness Group
Washington, D. C.

11:30 - 12:00 Discussion of AID's Nutrition Program and its Use in LDC's

12:00 - 1:00 Lunch at Colorado State University Student Center
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Workshop program (continued)

Wednesday afternoon session -- Dr. Stephen Bogyo, presiding

Gifford Building, Room 113 Consultant
Tarrytown, New York

1:00 - 1:30 Goals and Activities of the Colorado State University LEC Program

- Dr. Judson M. Harper
Department of Agricultural Engineering

Colorado State University

1:30 - 1:55 Manufacturers' Experiences with LEC's

a) Brady Crop Cooker

- Mr. Marvin Van Peursem

Koehring Farm Division
P. 0. Box 1456
Des Moines, Iowa

1:55 - 2:20 b) Insta-Pro Extruder

- Dr. Leroy Hanson
P. 0. Box 3600

Urbandale Branch
Des Moines, Iowa

2:20 - 2:45 Colorado State University Extrusion Facilities and Systems

- Mr. Ronald Trihelhorn

Department of Agricultural Engineering

Colorado State University

2:45 - 3:00 Coffee

3:00 - 3:30 LEC Systems and Costs

- Mr. Marvin Stone
Department of Agricultural Engineering

Colorado State University

3:30 - 4:00 Physical, Chemical, Sensory Evaluation of Extruded 
Products

- Drs. Klaus Lorenz and Joseph Maga

Department of Food Science & Nutrition

Colorado State University

4:00 - 4:45 Nutritional Evaluation of Extruded Products

- Dr. G. Richard Jansen

Department of Food Science & Nutrition

Colorado State University

4:45 - 5:15 Discussion of afternoon papers

5:15 Participants return to Ramada Inn

6:15 Pick up at Ramada Inn for dinner at Colorado State 
University

Student Center

6:30 - 7:30 Dinner at Student Center

7:30 - 9:30 Demonstration of LEC's at Agricultural Engineering 
Research

Center. Refreshments served after demonstrations.

9:30 Return to Ramada Inn
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Workshop program (continued)

Thursday, June 3

8:45 a.m. Pick up all participants at Ramada Inn

Thursday morning session -- Prof. Alvin I. Nelson, presiding

Gifford Building, Room 113 Department of Food Science & Nutrition
University of Illinois

9:00 - 9:30 Discussion of LEC Demonstrations at Agricultural Engineering
Research Center

- Dr. Judson M. Harper
Department of Agricultural Engineering
Colorado State University

Exploration of Potential of LEC

9:30 - 10:15 Central and South America

- Dr. Ricardo Bressani
Institute of Nutrition for Central
America and Panama
Guatemala City, Guatemala

10:15 - 10:30 Coffee

10:30 - 11:00 East Africa - Mr. John Okorlo
East African Industrial Research Organization
Nairobi, Kenya

11:00 - 11:30 India - Prof. Sunit Mukhopadhyay
Jadavpur University
Calcutta, India

- Mr. D. K. Gupta
CARE/India
Uttar Pradesh, India

11:30 - 12:00 Worldwide - Mr. Mark Sterner
Meals for Millions
Santa Monica, California

12:00 - 1:30 Lunch at the Colorado State 1%iiversity Student Center and

free time.

Thursday afternoon session -- Dr. David Fellers, presiding

Gifford Building, Room 113 USDA/ARS
Berkeley, California

Food Production Applications

1:30 - 2:15 Sri Lanka - Mr. Justin R. Jackson
CARE/Sri Lanka
Colombo, Sri Lanka

- Dr. Beatrice De Mel
Government of Sri Lanka
Colombo, Sri Lanka
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Workshop program (continued)

2:15 - 2:35 Indonesia - Mr. Earl Goodyear
CARE/Indonesia

- Mr. AtJeng Muchlis
Institut ertanian Bogor

Bogor, West Java, Indonesia

2:35 - 2:55 Costa Rica - Mr. Kurt Bachmann
CARE/Costa Rica
San Jos&, Costa Rica

- Dr. Ronald Echandi Z.
Universidad de Costa Rica
San Jos, Costa Rica

2:55 - 3:15 Bolivia - Mr. Pedro Bleyer

Maisoy

Santa Cruz, Bolivia

3:15 - 3:30 Coffee

3:30 - 3:50 Tanzania - Dr. Aleck Mosha
Tanzania Food and Nutrition Center
Dar es Salaam, Tanzania

3:50 - 4:10 Mexico - Mr. Richard P. Mommer
Uniscope, Inc.

San Luis Potosi, Mexico

4:10 - 5:00 Discussion of LEC and Production Application Potential

- Dr. Judson M. Harper
Department of Agricultural Engineering

Colorado State University

5:00 Return participants to Ramada Inn -- Evening is free with
no scheduled activities

Friday, June 4

8:30 a.m. Pick up participants at Ramada Inn

Friday morning session -- Dr. G. Richard Jansen, presiding
Gifford Building, Room 113 Department of Food Science & Nutrition

Colorado State University

8:45 - 9:30 Food for Peace Program - Past, Present and Future

- Mr. Daniel Shaughnessy
Food for Peace
Washington, D. C.

9:30 - 9:45 Working Group Objectives and Procedures

- Dr. Judson M. Harper
Department of Agricultural Engineering

Colorado State University

9:45 - 12:00 noon Working groups to develop suggestions for future activities.
All groups will meet in the Gifford Building.

1. Additional Potential Food Applications, room 113

- Dr. Stephen Bogyo, leader
Consultant
Tarrytown, New York
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Workshop program (continued)

2. Research to Improve Manufacturing Operations, room 146

- Mr. Justin R. Jackson, leader
CARE/Sri Lanka
Colombo, Sri Lanka

3. Programing Assistance, room 147

- Mr. F. Merton Cregger, leader
CARE/New York
New York, New York

4. Product Evaluation - Nutritional and Physical
Properties, room 148

- Dr. Ricardo Bressani, leader
Institute of Nutrition for Central
America and Panama

Guatemala City, Guatemala

12:00 - 1:30 Lunch at Colorado State University Student Center

Friday afternoon session -- Dr. Judson M. Harper, presiding

Gifford Building, Room 113 Department of Agricultural Engineering
Colorado State University

1:30 - 3:15 Presentations and Discussion of Working Group Recommendations

- Dr. Judson M. Harper
Department of Agricultural Engineering

Colorado State University

3:15 - 3:30 Future Project Activities at Colorado State University

- Dr. G. Richard Jansen

Department of Food Science & Nutrition
Colorado State University

3:30 - 3:45 Closing Remarks - Mr. P. R. Crowley
USDA/ERS
Nutrition and Agribusiness Group

Washington, D. C.
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Appendix III

PROGRAM FOR DEMONSTRATION OF LEC's

For the demonstration of the two low-cost extru- E. Product 3

sion cookers at the Agricultural Engineering Research

Center, this program will serve as a guide for 1. Material - 70% sorghum/30% soybean

products to be made. 2. Volumetric feed setting - 40
3. Mill grind - 40 mesh

The Modern Mill has been calibrated for all com- 4. Feed rate - 575 lb/hr

binations of cereals with soybeans. Due to time con- 5. Water added - 8.4 gph

straints, not all combinations will be tested. First, 6. Ultimate temperature - 300*F

the mill is set for the cereal/soy combination desired

and flow is matched between the mill and the extruder, F. Product 4

using the variable speed control 
located on the right

hand side of thle mill. 1. Material - 70% wheat/30% soybean

During operation of the extruders, attention 2. Volumetric feed setting - 40

should be given to the following: 
3. Mill rind 40 mesh
4. Feed rate -550 lb/hr

1. Temperature sensors on tie extruders 5. Water added - 2.4 ghp

6. Ultimate temperature - 300F

2. Controls adjusted on each extruder

3. Torque and speed traces G. Product

4. Changes in product with time I. Material - 70% ricei30% soybean

2. Volumetric feed setting - 40

The following program will demonstrate the 
capa- 3. Mill grind - 40 mesh

bilities f gf these LEC's: 
4. Feed rate - 525 lb/hr

5. Water added - 2.4 gph

I. Insta-Pro Model 500 Cooker Extruder 
6. Ultimate temperature - 300*F

A. General Information II. Shut Down - soybean used to cool extruder

1. Internal configuration After cool down, the extruder will be

a) Steam locks, 1OP-10-8 disassembled. Due to pressure that exists

b) Orifice - 6 hole, 5/16" diameter each sometimes within the screw, It will he

c) Water application, direct injection necessary that all observers stand clear
t Waterepl n of the equipment at this time.

into barrel

d) Segmented double helix screw

II. Intermission

B. Warm-up Sequence

1. Material - 100% soybean

2. Ultimate volumetric feed setting - 40 III. Brady #206 Crop Cooker

3. Mill grind - 40 mesh
4. Feed rate - 500 lb/hr

5. Water added - 0 gph A. General Information

6. Ultimate temperature - 260*F
1. Internal configurations

C. Product I a) Single helix, one piece screw

1. Material - 50% corn/50% soybean b) Annular orifice

2. Volumetric feed setting - 40 c) Water application - direct into feed

3. Mill grind - 40 mesh external to screw

4. Feed rate - 512 lb/hr

5. Water added - 0 gph
6. Ultimate temperature - 300*F B. Warm-up Sequence

D. Product 2 
1. Material - 100% soybean

2. Ultimate cone setting - <1.0 out

1. Material - 70% corn/30% soybean from closed (<0.020" clearance)

2. Volumetric feed setting - 40 3. Feed auger setting - 2.0

3. Mill grind - 40 mesh 4. Feed rate - 1,000 lb/hr

4. Feed rate - 507 lb/hr 5. Ultimate temperature - 280°F

5. Water added - 1.92 gph 6. Mill grind - 40 mesh

6. Ultimate temperature - 300OF 7. Water applied - 0 gph
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III. Brady #206 Crop Cooker (continued) G. Product 5

C. Product 1 1. Material - 100% rice
2. Ultimate cone setting - 3.5

1. Material - 50% corn/50% soybean 3. Feed auger setting - 2.0

2. Ultimate cone setting - 1.5 4. Feed rate - 880 lb/hr
3. Feed auger setting - 2.0 5. Ultimate temperature - 340'F

4. Feed rate - 1,000 lb/hr 6. Mill grind - 40 mesh

5. Ultimate temperatare - 315*F 7. Water applied - 1.13 gph
6. Mill grind - 40 mesh
7. Water applied - 0 gph

H. Product 6

D. Product 2
I. Material - 70% rice/30% soybean

1. Material -. 70% corn/30% soybean 2. Ultimate cone setting - 2.0

2. Ultimate cone setting - 2.0 3. Feed auger setting - 2.0

3. Feed auger setting - 2.0 4. Feed rate - 950 lb/hr

4. Feed rate - 1,050 ib/hr 5. Ultimate temperature - 330'F

5. Ultimate temperature - 325*F 6. Mill grind - 40 mesh
6. Mill grind - 40 mesh 7. Water applied - 0 gph
7. Water applied - 0 gph

E. Product 3 I. Product 7

1. Material - 100% corn 1. Material - 70% whe-at/30% soybean
2. Ultimate cone setting - 3.0 2. Ultimate cone setting - 2.0

3. Feed auger setting - 2.0 3. Feed auger setting - 2.0

4. Feed rate - 1,000 lb/hr 4. Feed rate - 1,000 lb/hr

5. Ultimate temperature - 340*F 5. Ultimate temperature - 325*F

6. Mill grind - 40 mesh 6. Mill grind - 40 mesh

7. Water applied - <1.0 gph 7. Water applied - 0 gph

F. Product 4
J. Shut-down Sequence - soybean used

1. Material - 100% sorghum
2. Ultimate cone setting - 3.5
3. Feed auger setting - 2.0
4. Feed rate - 900 lbs/hr IV. Discussion

5. Ultimate temperature - 340 0F
6. Mill grind - 40 mesh
7. Water applied - 0.9 gph V. Refreshments

I 0 * [ i .'

Participants viewing demonstration of LEC's

168



tiei

Participants viewing demonstration of LEC's
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Appendix IV

WORKING GROUP MEMBERS AND OUTLINES

ADDITIONAL POTENTIAL FOOD APPLICATIONS 
PRODUCT EVALUATION - NUTRITIONAL AND PHYSICAL
PROPERTIES

Dr. Stephen Bogyo, Consultant - Group Leader Dr. Ricardo Bressani, INCAP - Group Leader

Dr. David A. Fellers Dr. Beatrice De Mel

Mr. D. K. Gupta Mr. Jos4 Gonzalez

Dr. Judson M. Harper Dr. George G. Graham

Mr. Jacques Lauriac Dr. G. Richard Jansen

Dr. T. C. Lee Dr. Alfred Lachmann

Dr. Klaus Lorenz Dr. Aleck Mosha

Dr. Joseph Maga Prof. Sunit Mukhopadhyay

Mr. At.jeng Muchlis Ms. Amy Pound

Prof. Alvin I. Nelson Mrs. Darline Ramage

Mr. Maurice N. Samaan

Mr. Armando E. Sonaggere

Dr. Alex Trier 1. Nutritional evaluation procedures

Dr. Cho C. Tsen (a) Rat feeding

(b) Human feeding

1. Ingredients and partially processed food blends (c) Requirements for nutrition evaluation

(a) Food fortifiers (d) Quality control

(b) Fortified flours (e) Digestibility

(c) Cereal blends ;ith oil seeds, beans, etc. 2. Nutritional requirements for LEC foods

(d) Dairy products 
(a) Site

2. Finished foods 
(b) Target group

(a) Baked products (c) Use

(b) Snacks 
(d) Determination

-proteins, carbohydrates, fats

(c) Gruels 
-vitamins, minerals

(d) Weaning foods 3. Physical and chemical properties evaluation

(e) Beverages (a) Procedures

(f) Soups (b) Raw ingredients

(g) Dairy products 
(c) Finished products

3. Program applications 
(d) Quality control

(a) School food (e) Storage testing

(b) Maternal/child care 
4. Functional property evaluation

(c) Food for work (a) Model foods

(d) Relief programs (b) Acceptability

(e) Commercial foods 5. Nutritional concerns
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RESEARCH TO IMPROVE MANUFACTURING OPERATIONS (g) Packaging

-requirements

-procedures
-equipment

Mr. Justin Jackson, CARE/Sri Lanka - Group Leader -materials

Mr. Pedro Bleyer 3. Alternative subsequent subsystems

Mr. Howard Conway
Mr. P.oR. Crowey (a) Product regrinding
Mr. P. R. Crowley -requirements

Dr. Ronald Echandi -equipment
-procedures

Mr. Wayne 
Fox

Mr. Richard P. Mummer (b) Mixing and blending
-requirements

Mr. Fernando Sanchez-Arellaiio -equipment

Mr. Mark Sterner -procedures

Mr. Ronald Tribelhorn (c) Fortification

Mr. Marvin Van Peursem 
-requirements
-ingredients

Mr. Z. Zeller -equipment
-procedures
-analysis

(d) Enrobing and coating

I. Simple modifications of LEC -requirements
-ingredients

(a) Cleaning and sanitation -equipment
-procedures

(b) Operations -analysis

(c) Control 4. Preventive maintenance

2. Simple modifications of LEC subsystems (a) Requirements

(a) Grain cleaning (b) Equipment (lubriation, tools)

-requirements -procedures

-equipment -schedules

(b) Cleaning of other raw materials (c) Spare parts

-requirements -procedures

-equipment -schedules

-procedures
5. Sanitation

(c) Dehulling
-requirements (a) Requirements

-equipment
(b) Equipment

(d) Grinding and proportioning
-requirements (c) Procedures

-procedures
-equipment (d) Ingredients

(e) Extrusion 6. Quality assurance
-requirements
-procedures (a) Requirement
-equipment

(b) Quality control

(f) Cooling -physical
-requirements -chemical
-procedures -nutrition

-equipment -sensory
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PROGRAMMING ASSISTANCE (e) Purchasing equipment

(f) Installation and start-up

Mr. F. Merton Cregger, CARE/NY - Group Leader 2. Program development

Mr. G. Sidney Ambrose (a) Guidelines--requirements for assistance
(technical and financial)

Mr. Earl Goodyear

Dr. Leroy Hanson (b) Proposal development--for assistance

Mr. Thomas Kelly (c) Financial plan

Dr. Ignacio S. Pablo

Mr. Daniel Shaughnessy

Mr. Marvin Stone 3. Monetary assistance (What are the needs? How can
agencies best provide assistance? What guidelines

Mr. Jan S. F. Van Hoogstraten should be followed?)

Mr. David Wilson
(a) AID/Washington

(b) USAID Missions

1. Technical assistance--How can assistance be (c) OPG's, DPG's

improved, provided? Who should provide assis-

tance? (d) Local inputs

(a) Information (e) PVO's

-collection from users and researchers
-dissemination 4. Product testing--Is a central facility required?

Are guidelines needed? Who should cover costs?

(b) Project assessment
-needs (a) Analysis

-improvements
(b) Evaluation

(c) Plant design
(c) Testing

(d) Backstopping
-evaluation sites 5. Guidelines for program assistance--How are

-others projects to be selected for assistance?
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