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THE DEVELOPMENT OF INFANT AND PRE-SCHGCL FOODS
BASED UPON LEGUME- PRTTEINS

Background
The project (AID/csd-3646) has been underway for a number of years concerned

with the development of infant and weanling foods based upon oilseed proteins
and fish protein concentrate, which are available in the southern Latin American
region. This nraject has utilized protein sources hithertonotutilized for the
production of these foods. The project is an integrated one which investigated
possible food protein sources in a systematic manner. The protein sources were
evaluated nutritionallv by both chemical and biologizal means, and toxicolozical
investigations of the foods were undertaken in two speciesof animals. The
technology of formulation was developed at a lapcratory scale, acceptability
trials of the formulated foods were made, and the technology Ter larger scale
production was workad out, along with the economic evaluations of the process.
Finally, the products were produced on a commercial scele and zvaluated in
target populations. The sources of food which were initially considered in this
project were fish protein concentrate and suntlower meal presscake. Later,
rapeseed presscake meal was added to the products that vere investigated. Ll the
present tiue, the sunflower meal presscake is being utilized coumercially «u a
moderate scale and the technoloay o7 the detoxification of rapeseed meal hy
cormercial scale ic being develored. The work on rapeseed meal has attracted
considevable attention worid wide.

A third food naterial has been developed in the lTast year based upon a
specially procesced wheat and soy base (wsb) to which other nutrients ave added
to give an instantly rehydratable weanling food of very high biological velue.

The chief achievements of the project outside of the scientific achievnants
listed can be considered in three areas, as follows:

1) The establishment of an integrated program in applied nutrition which
may serve as a nodzl for other aveas in the world. This integration has been
achieved by training of Chilean and other nationals and the development of
Tinkages betwezen the basic groups and the appiied technological groups in teads
in Chile. The program has been ahia to develop a central applied nutrition theme
through the efforts of two governmentel acencies, four universities and two
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business organizations, all of vhich are pointed to a common aim.

2) The developaent of national programs for the supplementation of infant
diets through the developient of food products based upon indigenous protein
sources that are targeted at the most vulnerable groups in the Latin populations,
that is, the pre-school infants.

3) A research team has been developed in the country which has achieved
some very significant results which may be applied world wide. The results of
the relationship bhetwesn mental development and malnutrition in early youth,
the demonstraticn that marine protein concentrate can be utilized in infant
feeding successfully, and the develomient of new nrotein sources fron under-
utilized products such as sunflower secd presscake and rapeseed presscake are
significant research breakthrouahs.

he vesults of this coutract contribute to institution building, the
develepment of interactions between research arouns and private industry in
Chile, and, nbviously, to the development of research results which are
significant on a vorld wide basis.

The overall project involved the Institute of Food Science and Technoloay
of the University of Chile, the Institute for Science anc Technology of the
Development Corporation of Chile, and the Institute for Fisheries Development
(their section on food technolosy) together with the Catholic University ef
Santiago. The project in Chile was Tead by Dr. Fernando 'ionckebera of the
Department of Pediatric Hutrition of the University of Chile. These institutions
worked together on the overall project, each in its separate area of expertise.

The Hational laalth Sevice of Chile contributed mannover in the portions
of the project concerned with the field testina of rroducts on & larce scale.

Coordination cof the efforts in Chile and the training of individuals fron
these institutions was undertaken by the United States institution. Portions of
the nutritional and chenical analyses were done in the United States, and
personnel from the United States worked in Chile betveen the various institutions
on some of the processing and nutritional phases.

It is proposaed that the prescut project cinloy the same groups since it has
been found that, by coordinating the efforts of these institutions and by
cooperating with interested commercial greups, significant progress can be made
at a fairly rapid rate. Additionally, the inputs of each of these segments are
synergistic. The lead group in Chile is the Department of Pediatric Nutrition
of the University of Chile and, in the United States, the Department of Food
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and Resource Chemistry. In order to promote the regionality in the program,
1iaison is maintained between the University of Buenos Aires, Department of
Nutritional Sciences; the Department of Food Science and Technology of La Molina
in Peru, and the Institute of Food Technology Research in Brazil.

Under AID/csd-3G46. approximately 32 papers have been published or presented.
Appendix I shows the papers that have heen presented at international meetings
or published during the last two years of the contract.

Introduction

Although a number of products have been developed in Chile which are
eminently suitable for weanling foods and foods for pre-school children, the
comnercial distribution of these materials is not what we believe it should be.
Some of tha foods are used in the national school Tunch program and are proadced
commercially by a Chilean fivm. Marketing of them however has not been extensive.
This is due. in part, to the social crganization of the country in which many of
the food distribution programs are carried out either through the school lunch
progran or the National Health Service in child care centers, resulting in &
minimal incentive to market the food materials commercially. The national
Health Service has relied heavily upon powdered milk, a product which currently
is in short supply in Chile and in moderately short supply in the world. Tiis
has resulted, in the last vear, in large scale purchases of 12%-fat powdered
milk from the world market by the aovernient of Chile. Prospects for continucd
importation of powdered milk are not good, and the cost will increase signivicantly
in the next few vears. It is therefore funortant, both from the standpront of
health and economics, to increase the market and manufacture of the fond
materials which have been developed under this contract. Cooperation has been
achieved between the Hational Health Service and our investigative team to
develop an increased effort in the marketing, menufacture and distribution of
two of our products - Leche Alim and Fortesan. It is thus possible to combine
the efforts of marketing cxpertise available in Chile and the efforts of two
private concerns interested in promoting the increased use of these food
materials. It is obvious, however, that cooperation of the Mational Health
Service is urgently needed. This appears to be forthcoming at the present tine.

While the number of studies in experimental animals of the nutrient value
of beans is extensive, observations on the biological value in humans are few.
The legumes are rich in protein, and, in fact, contain several times the protein
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content of cereal grains on a solids basis..Beans, as a representative lequne,
have a protein score which is decreased by the low content of the sulphur amino
acids, particularly cystine and methionine. The leaumes, however, also contain

a significant amount of calciun and iron as well as thiamine and nicotinic acid.
The utilization of legume proteins in Latin fuerica, particularly the southern
regions, is thus very attractive. Since the major nutritional shortage of the
Tegumes is methionine, it would be econamical to fortify with nethionine; but

an alternate is also attractive. In the southern retions of Latin Anerica there
is, as has bzen pointad cut many tines, a sionificant eroduction of sunfleouer
for oil. As is shown in Table 1, sunflo-or moal ic narticulariy a good source

of methionine. The cowbination, thus, of Tequme protein with sunflower protein
yields a combination which has an excellent nutritional value. Althouch the
Tegumes (in tiis discussion excluding sov) are videly used in the Latin faerican
diet, they are not gener:lly considered as Tood for children or infants. This

is probably due primarily to two problems. The first is that, in ceneral, they
are toxic in their raw state; and, therefore, considerable preparation is
involved bafore thev can be consuned. Deans must be coolied for a lona period

of time, and in many cases, pre-soaked. A1l the edible lecures known contain
hemaglutins and, therefore, must be subiected to heat trect-ent to destroy or

to modify the protein. This is a problem, of course, in raw soybeins viich, in
addition, like many other leguues, mav contain trvpsin inhibitors. A1l of these
toxic materials are destroved by heating so that. at least in adults, the products
are nomially consuned without difficulty. In the feedint of children, particularly
at home and on demand, tha problen of Tona cookirn tives is a rajer one.

In addition to these oroblens, the utilization of beans in voung children
presents scme ditficulty due to the problew of digestive upset ceused by a
decrease in mssace time through the qui. Cenbined with this, beans mav cause
flatulence.

thile these problems are of considerable sicnificance in the production of
children's or weanling foods they are not, by any means, insolvable. It is quite
possible to produce products which have baen pre-treated to decrease cookina
time required by a sionificant factor and this, in turn, will obviate any toxic
factors. These same prccesses have the possibility of improving flavor and in-
creasing the ways in which these products can be used in various formulated foods.

It has recently been shown that th:z oligosaccharide stachyose is the major
causative factor of flatulence in legumes. The elimination of stachyose by
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diastase treatment significantly reduces the flatulence effect of soy milk
and, presumably, other Teguminouc procucts.

It is thus possible econcmically to produce products from the legumes
which are easily premared for consunption and contain no toxic or deleterious
materials and produce a winimunm of flatulence. These products, then, offer an
excellent source of preotzin,

Table 2 illusirates the essentiel amino acid centent of various leguminous
seeds. As nointed cut bzafere, these proaucts are cood sources of lysire but lack
methionine and. in scoe cesas, trynterhene. The trenendous world resources of thz
protein remresented bv the Tegumes reouire a oreat deal of additional work in
order to effect their utilizetion. There is no question that they could cerve
as excellent sources for the preparation of protein concentrates or isclates.

The procucticn of protein isclatss 2nd concentrates hrs proceceded at a
moderately rapid rate in the develapina countvries. Generally, these products
are utilized as animal protein replacers in formulated foods, although some
have been sold as simuiated meats. Processes for the production of this type
of plant protein are ccmparativelyv cxpensive since they, in most cases, must
serve a very specialized market where emphasis is placed upon their functionality
in a food material. There are, however, a nunber of nrocesses which can be
utilized in the production o7 less sochisticated meat or animal protein sinulants.
An example is the structuring of proteins brevsht about by high-pressure extrusior
techniques. This technology is of extrarelv lcv cost and produces an oriented
fiber product. In Latin Arerica, uch of tha2 aniial protein that is consumed by
the lower socio-economic ciasses is consured in the form of & soup or stew disn.
Animal proteins are usually inciuded as chunks or s:all pieces. In the project
referred to earlier, many of the formulated nroducts are beinc prcduced utilizing
a Yenger expander. By using a longer barrel on such a unit, structural orientatiun
of vegetable proteins can he achieved. In a series of experiments perforuied in
the United States, it was possible to produce proteins fron sunflower seed meal
concentrates and sunflower protein isolates. These products would withstand
cooking and could be tailored to various textural levels. If products of this
sort could be introduced into the school lunch program, one would have direct
dtilization of vegetable proteins in a traditional dish used in the entire Latin
American region. Costs of such a product would be considerably lower than those
of the animal proteins which thay will repiace. Additionally, since the products
are textured %he fortification of the plant protein would be comparatively easy,
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and no probleus with regard to Teaching vould be encountered. A structured
protein of geod balance could be develnped utilizing legume protein in
conjunction vith sunflower cr, elternatively, corbinations of fish protein
concentrate, or fish protein with other slant proteins. Previous experierce
would indicate that appropriate 7lavors could be incorporated into the products
at low cost.

It is believed that thz aroup of institutions cutiined earlier (that
is, the Denartient of Pediatric “wirition of the Universitv of Chile, the
marketino group of the Catholic University, the Institute for Science and
Technology of Chile, the Institute for the Developnent of Fisheries and the
Lepartnent of Feod Scisnce and Technolerr of t52 iversily of Chile tooether
with the Depariment of Food and Resource Cheristry and the Department of Resource
Lcononics of the University of Rhode Island) o7fer a combination of facilities,
personnel, and enthusiasm which is difficult to natch elsewhere. Since the
project proposed is a broad-based one involving carryina products from the
laberatory phases of experisentation through pilot scale production acceptability
testing and marketing each unit serves a narticular function and cach contribute-
to the overall project. The coordination of al] of these efforts has resulted
in significant advances in the nutrition of pre-school children in the Chilean
region and has, because of its success, dzveleosed a areat interest and supnort
at gevernimental levels. It is thus important to centinue work in this line for
a period sufficient tu assurc the establishent o7 cowmercial production and
rnarketing of the food developed. Fach unit is able to work effectively with the
others and to make its contribution. One could not dispense with technology,
nutrition, toxicology. or consumer acceptarce testing, etc. The United States
base makes its important ccntribution by irzining personnel from the various
institutions in the host country, by coordination, and by backstoppinag the
researct. effort with facilities, ewuiprent and expertise in the various fields.
The specific aims outlined next would be attacked more or Tess simultancously,
but a major effort will be placed upon the marketing aspects of already developed

foods.



Specific Aims
1. The develonment o warketina information and o subsequent marketing

nromotion of the oroducts which have heen gaveloned vreviously. c.a. Leche Alin

and Fortesan. This program will requive liaison belween the Catholic University

(School of Economics), the University of Rhode Istand (Denariment of Resource
Economics), and the qroups in INTEC. These aroups will also be used to develop
the marketing progrems for other products produced under the current contract.

Cooperating in rarket developuent, bectuse of the nature of the Chilean
social situation, will ba the Hational Health Service and the Mational School
Lunch Feeding Progran. 'le have already nad cooperation from these croups and
they have indicated their willingness to continue work for the actual product
marketing aspects of the products. Integrated with these groups will be two
private enternrises in Chile, and the interraticnal croup of Hestles. They have
already packaged nurierous samples for the acceptability trials in Curico and
will participate in the marketing aspects of the present study.

2. Tne develorent 2f hish protein, lov ceost foods based on the utilization

of lequmes in conjunction with other vegetable protein sources such as sunflower

meal. These products would be precessed in order to cbtain a readily rehydratible
product with no toxicity utilizing exnansion techniques. In this area, we wotild
also attempt to develop a series of structured proteins of inherent low cost
based on supolenented lequnes which could be used in traditional Latin American
dishes.

Toxicity and nutritional testing would be done at the Departinent of Fediatric
Nutrition of the University of Chile, and in the Denartment of roou and Resource
Chehistry at the University of Rhede Islend in the United States. tnzy/me studies
would be conducted at the Institute for the Develorment of Fisheries and pilot
scale processing would be performed at the Institute for Science and Technology
in Chile.

3. The developnent of low cost co-nrecini*anis of cereal or legume protein

with marine proteins. A series of products whizh would utilize marine proteins

to supplement the deficiencies in the arine acid profile of cereal proteins would
be developed. These would be processed in the same fashion as those developed in
Aim (1) so that the products would not be a mere mixture of two different protein
sources, but rather an integral protein of mixed origin. The work on nutritional
testing of these products would be performed in the Department of Pediatric
Nutrition of the University of Chile and in the United States. Process development
would be done at the Institute for the NDevelopment of Fisheries and the Institute
of Science and Technology in Chile.
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4. The training of Chilzan naticnals in Drotein processing problems, and

market devealopment. This training would be conducted in the United States and

initially vould focus on the teaining of an individual in tie analysis of micro-
toxins, a skill which is badly reeded in Chile and for which no personnel are
available. The second area of consideration would be the studv of methods of
producing structured nroteins. A third reed is for training in the arca of
market deveionuent.

Procedure

1. Marketint. 1t is arparent that when one ceeks to introduce a new product
to the market, background information on thet market, such as consumer purchasing
power, purchasing habits, geographic distributions, size, distribution of retailers
and retailini purchasing habits are necded in order to develop neneral models
for the diffusion of innovation to the particular narket. This was cited by
Wickstrdm in Protein-Enriched Coreal_Ferds “or orld ficeds (edited by i, Hilner).

In particular, ve will have to deternine tie @ arketing instrunents that in previous
efforts have been shown to have the best effect. This information will not have

to be generated de novo since the Catholie Jniversity has been studying marketinn
of food products in Chile for some tire ard trere is available to us the marketing
survey done in recent years by General Oceanocravhy. Much of this infoiration

can be utilized in the marketing survey and subsequently in the market prorotion

of Leche Alim and Fortesan, or for that matter, all other types of new fcod
products.

Additional information is available due to the developrent of markets for
protein rich 7f3ds, such as Incaparinra in Central frerica, Pro-lutra in South
Africa, Vitasoy in Hona Kong, etc. Case history studies on the marketing of
these products (If. Wilkie, itarketing Strateav in Develening Countries to Combat
Infant Malnutrition, Third International Conaress of Food Science and Technolog /)
will aid in the develomment of marketina strateqy for the products deveiloped 1in
Chile. YWe will develop suvecialized data for Fortesan and Leche Alim by presanting
the pilot plant samples of the products to respordents in different Chilean cities
to determine:

1) Concept eviluation

a. CRAM score

b. Key benefits

¢. Product uniqueness
d. Product negatives




2) Product evaluation

a. Specific product attributes, such as flavor, texture, consistency,
coter, etc.

b, Key benefits

c. Problen areas - negative attribute analysis
¢. Preparation

e. Serving

f. Possible Trequency of use

g. Likes and dislikes

h. Interest in purchasing

i. The possible frequency of purchasing

j. Price/demand structure

k. Packacing

These lests consist of two phases: first, a screening/concept/placenent
interview and secondly, a follow-up interview. In phase one, the fumilies are
to be screened for the presence of children. Those qualifying will be exposed
to concept advertisement and their reaction to it exploired. Phase two involves
intervieus which will cover the product nerformance and reaction of the family
having been presented with the products themselves. Thus, primary information
on acceptability of the product in the i:arxet place can be learrned and the per-
spective volume of thie available market can be estimated.

Having detemined effective markelina inforation, the distribution channels,
be they government or private, can be utilized to launch a limited test of
margetinq. e will probably use the city of Curico which has been exposed to
the products previously. Tnis exercise wili provide a method of estimating
the real demand at a given price level anc at & given promotional level. Once
the given optimal feedback from the Tirited test marveting is established, the
possibilities for promotion campaigns for national marketing distribution can
be reviewed with the interested private concerns in order to i1lustrate to them
the possible marketing onportunities for such foods. In particular, they are
desirous of ascertzining the prozotional Tevel which will be needed to develop
the market outside of the national feedirg oroanizations.

Within the school lunch program and the hational lealth Service, there is a
desire to utilize these products. This will be necessary in order to develop a
base production. We will use the results of our marketing davelopment to convince
them of consumer demand. This coupled with the promotional efforts and placement
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trials should develop an internal demand for the products, and thus, in turn
stabilize the base of production. National telcvision and radic have established
a campaign for nutritional educaticn of the public. Groups in Chile have
obtained assurances that a portion of this time can be utilized for the intro-
duction of new preducts, thus, in effect, the Chilean government will assist in
the market developuent of the products.

2. Lenume utilizoticn. The oparating paraneters for pre-cookina Chilean black

beans and other Tequses in a Yenijer expander will be deiermined. A pre-conditioning
and, possibly, a pre-cook step will be used to loer toxicity. The resultant
product will be ground to s mash which will give ready reconstituteability. The
toxicity as well as the nutritional value will be determined using rats as the
test subjects. The nroduct will be coancunded with other oreteing or fortified

to give a requisite FAD pattern. Themoisture of sunflorer socd and beans will

be used in soup-base dishes for which a tradition exists. Acceptzbility of the

mix will be deterinined in restricted popuiations (orphanages) in Santiago, using
children ages 3-7. The nutritional effectivenass in normal children will be
determined using previously described techniaues.

Bean slurries will be digested with diastase in order to decrease the
stachyese content of the oroduct or processed in a long barrel extruder. The
degree of removal of stachvose will be determined chemically. and the flatulence
Tevel of the product determined bv the niethod of Criseofareo et al. in adult
male rats. If surficient reductiocn in stachyose content is achieved, the product
will be tested utilizinag normal infants.

The method of snroutina orior to cookino and drying to achieve stachvose
and raffinose reduction will be compared against the diastase methodoloay. The
economics of both methods of oligosaccharide reduction will be determined.

An expanded barrel for the Yenooer X-25 expander will be purchased and
installed in Chile and an X-5 for laboratory investigations will be installed in
the United States for trainina and prcduction modification. Training of an
individual from INTEC on the use of the ecuipment will be undertaken in the Unitad
States industrial laboratories. The feasibility of producing structured corn,
sunflower, and vrapeseed proteins will be determined (these are all indigenous to
Chile). The products or mixtures of these products will be assayed for nutritional
value and acceptability in Timited trials. Formulations utilizing these structured
proteins in the typical soun or siew dishes will be made. These in turn will be
assayed for acceptahility in schocl lunch programs in the Curico area south of
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Santiago. Cooperation in the development of these meat substitutes will be
maintained between the industrial segment in Chile and, since the processing
work will be done under the auspices of the Corporation for Development, it

is 1ikely that, if the products are acceptable in the Chilean dietary, their
translation into comerical channels will be facilitated. It is 1ikely that
they will find a place in the national distribution of lunch programs since
at the present time the distribution by the Ministry of Education of luncheon
breakfasts approsimates 515,000,000 a year in Chile. A significant percentage
of this cost invelves the use of animal protein, a major portion of which is
imported.

Listed below are a number of controllable variables for the extrusion
process which control the nutritional qualities and acceptability of products
produced. Although these could represent a myriad of experiments, based upon
previous research, we can narrow the range of conditions which we will investigate,
in other words, each of the variables will not have to investigated independentiy.

Material tynes Material variables Eaquipment varijables
Legumes Moisture content Temperature

llheat flour Particle size Shear rate

Soy flour Additives Die configuration
Rapesecd protein Conditioners Feed rate
Sunflower protein Colors Barrel pressure
Vegetable 0ils Flavors Die pressure

Fish oils Amino acid fortification Qutput rate

Sugars Homogeneity of raw mix Secondary drying

Dried skim milk conditions

Fish protein concentrate

In total, however, we will investigate three basic methods of precessing
the proteins, as follows:
Low pressure cold forming
Low pressure cooking and forming
High pressure cooking and Torming
In all cases, we will attempt to achieve functional characteristics and
apparent characteristics similar to meat by this method which has been very
successful when applied to soy proteins. In particular, the products should
have the following characteristics:
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1. Low cost
2. Good nutritional value
3. Texture similar to meat
4. Meat-1ike flavor and color
5. Ability to withstand cooking in a typical Chilean dish
3. Development of nrotein co-nrecipitants. In the processing of expanded or

structured proteins, mixtures of various protein sources (such as milk, sunflower,
bean, etc.) can be added to the expander unit. These result in an intimate
mixture of the protein sources in such a nmanner that, even after grinding, the
product is not sejreaatable. Further processing such as dryina, coating, etc.
results in a more or less homogeneous nixture of protein sources. Thus, in
the expanded mixtures it is possible to develop a sinule protein base. The
acceptability trials of these intimate -.ixtures using different processing
parameters will be performed to determine within nutritional 1imits the
processing technigues which result 1in developing the most desirable character-
istics. Such techniques as oil dipping, spray addition of flavors, utilization
of incapsulated flavors, toasting, etc., will be investigated.

A technique which will also be considered in this area is the actual
co-precipitation of proteins. In previous work we have been able to develop a
fish protein concentrate which is soluble at high pH's and is precipitable at
its isoelectric point, e.q., approximately 4. Simultaneously, in working with
rapeseed and sunflower, protein isolates using either salt extraction or high
pH solubilization have been produced. The next logical sten which will be
investigated in this phase of the contract will be the precipitation of mixed
proteins at pH's 2 to 4. This technique should result in a protein isolate
wnich has high nutritional value (better than casein) that can be utilized in’
other food products as a ron-separating protein source. Co-precipitants with
the addition of flavoring components and other constituents such as hydrogenatad
fat will be investigated as to acceptability and nutritional effectiveness.

4. Training of Chilean nationals. The individuals will be brought from
Chile to universities in the United States or other institutions whore they
can obtain training. The stipend in the United States portion of the budget
will cover costs incurred while they are here. As a first order, the training
will be given for a short period of time to an individual who will be able to
determine the afiatoxin or microtc+in and pesticide contents of raw materials
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that go into the various food fornulations and also that of the finished
product. These and the other training areas outlined under the specific
aims will be facilitated by cooperation of the United States institution
with other institutions in the United States and with government and
private sectors.

Budget
The proposed budget is as follows:

BUDGET 1
Personnel % Time 1/1/73-6/30/73 7/1/73-6/30/74 7/1/74-12/31/74
U.S.Perscnnel
Prof. Chichester 30 0 0 0
Research Associate
(graduate student) 60 4,000 8,400 4,410
Secretary 50 1,500 3,150 1,653
5,500 11,550 6,063
Cooperating Hationals
2 Medical Doctors 170 3,600 7,560 3,969
2 Chemists 100 3,600 7,560 3,969
*2 Food Technologists 200 0 0 0
1 Dietitian 100 1,400 2,940 1,544
**4 Techn.cians 400 1,425 2,992 1,571
*%%2 Marketing Special. 200 0 0 0
Secretary 100 750 1,575 827
10,775 22,627 11,880

* 2 Food Technologists will be paid by Chilean Governmental Source
*%* 3 Technicians will be paid by Chilean Govermmental Source
*k% 9 Marketing Specialists will be paid by Catholic University

BUDGET II
1/1/73-6/30/73 7/1/73-6/30/74 7/1/74-12/31/74

Consultants 1,500 1,500 750

Consultants are to be paid $100 per day.

Consultants are reaquired to design and advise extrusion problems,
acceptability measurements, dehydration equipment, and analyticel
techniques.

Dr. Arthur Prater, Dr. William Darby and Dr. Morris Waskow have advised

previously and will be continued. Dr. Thomas Weaver, Marketing
Specialist at the University of Rhode Island will be used as needed.
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BUDGET III

1/1/73-6/30/73 -

7/1/73-6/30/74

7/1/74-12/31/74

Employee benefits calculated
at 11.2% of U.S. salaries 616

BUDGET V
1/1/73-6/30/73

1294

7/1/73-6/30/74

679

7/1/74-12/31/74

U.S. Travel
4 round trips to
Hashington plus
per diem for tine 304

Foreign Travel
3 round trips to Chile
and per diem for U.S.

personne’ 3,200

1 round trip to U.S.

for trainees 500
4,004

" BUDGET VIII
1/1/73-6/30/73

608

3,200

1,000
4,808

7/1/73-6/30/74

304

3,200

500
4,004

- —— —

Equipment (Cooperating country)
Centrifuge
Evaporator '
Calculator 700
Long barrel for lenger
expander and lab unit
Equipment (United States)

Rat cages 500
Lab equipment for
chemical analysis ' 250

SUB-TOTAL 1,450

Materials ari Supplies
Lab supplies, beans,
amino acids, fish meal,
sunflower meal, animals,
radioactive lactose 3,400

Air Freight to Chile ___500
SUB-TOTAL 3,900

TOTAL 5,350

3,500
3,000

16,000

5,500
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SUMMARY  BUDGET

1/1/73-6/30/73 7/1/73-6/30/74 7/1/74-12/31/74

(1) Personnel

u.s. 5,500 11,550 6,063
Cooperating Nationals 10,775 22,627 11,880

(2) Consultants 1,500 1,500 750
(3) Employee Benefits 616 1,294 679
(4) Travel - 4,004 4,808 4,004
(5) Equipment and Supplies _ 5,350 33,300 __5,500
TOTAL 27,745 75,079 28,876

Overhead on U.S. personnel (39.2%) _ 2,156 __ 4,528 2,377

GRAND TOTAL 29,901 79,607 31,253
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TABLE 1

Amino Acid Content of Several 0il Seed Proteins

(9/16 g N)
Rape Soybean Sunflower Cottonseed Peanut
Amino acid (B. napus) meal meal meal meal
Lysine 5.8 6.5 3.5 3.9 3.0
Methionine 1.8 1.8 2.2 1.7 1.1
Cystine 2.4 1.7 1.8 1.0 1.4
Leucine 6.3 8.1 6.9 6.7 7.6
Isoleucine 3.6 5.0 4.2 3.9 3.8
Valine 4.8 5.1 5.8 6.0 4.7
Phenylalanine 3.5 4.8 5.1 6.3 5.2
Tryptophan --- 1.5 1.4 1.3 1.0
Threonine 3.8 3.7 3.4 3.6 2.0
Arginine 5.6 8.3 9.1 7.4 11.6
Histidine 2.6 3.3 2.8 2.5 2.5




TABLE 2

Amino Acid Content of Pulse Proteins
(gm/16gm N)

Chick Broad Common
Amino acid pea Pea bean Lentils bean
Arginine 7.45 8.83 7.00 7.63 6.02
Histidine 2.68 2.74 2.94 2.19 2.84
Isoleucine 5.74 - 5.63 6.27 5.26 5.68
Leucine 7.39 8.27 8.70 7.04 8.59
Lysine 6.896 7.33 5.62 6.11 7.42
Methionine 2.75 2.50 1.12 1.54 2.00
Phenylalanine 8.19 9.07 6.86 7.07 9.37
Threonine 3.55 3.86 3.26 3.58 4.34
Tryptophan .82 1.06 .93 .86 .93

Valine 4.93 5.60 5.02 5.44 6.06
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