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THE DEVELOPMENT OF INFANT AND PRF-SCHOOL FOODS
 

BASED UPON LEGUME PROTE1I1iS
 

Background
 

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

with the develupment of infant and weanling Foo~s basel upon oilseed proteins 

and fish protein concentrate, which are available in the southern Latin Ain'erican 

region. This prnject has utilized protein sources hithertonot utilized for tile 

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 nutritionally by both chefical and bioloqir;al means, and toxicolonical 

investigations of the foods were undertaken in t<,;o species of animals. The 
technology of fomiulation %,,as developed at a latLoratory scale, acceptability 

trials of the Foiulated fcods w,ere made, and the technology -for larqer scale 

production was worke'd out, along with the economic evaluations of the process. 

Finally, the products were produced on a conmmercial scale and evaluated in 

target populations. The sources of food which were initially considered in this 

project were fish protein concentrate and sunflower meal presscike. Later, 

rapeseed presscake eal wa. added to the prodcts that were investigia ted. Lt the 

present tii.e, the sunflo,,;er meal presscake is being utilized coi,.ercially -,a 

modrate scale and the technology of the detoxification of rapeseed meal h. 

co;rimercial scale is being developed. The work on rapeseed meal has attract0 

considerable attention world .,ide. 

A Lhird food wi-Jterial has been developed in the last year based upon a 

specially processed wheat and soy base (wsb) to which other nutrients are addedc 

to give an instantliy rehydratable -,eanling food of very hiqh biological velue. 

Thie chief achievements of the project outside of the scientific achieve, entS 

listed can be considered in three areas, as frllows: 

1) The establishment of an integrated program in applied nutrition which 

may serve as a rodel for other ..reas ir; the world. This integration has bcen 

achieved by training of Chilean and other nationals and the dEvelorment of 

linkages between Ihe basic groups and the applied technological groups in foods 

in Chile. The program has been able to develop a central applied nutrition theme 

through the efforts of two governmental agencies, four universities and two 
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business organizations, all of which are pointed to a common aim.
 

2) The development of national programs for the supplementation of infant 
diets through the developnent 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 siqnificant results which may be applied world wide. The results of 
the relationship betiween mental deve±lo:ent an! malnutrition in early youth, 
the deonstration that marine nrotein concentrate can he utilized in infant 
feeding succcssfillyv, rd thnr de'elo i nt of ne', nrotein sources From under
utilized products such as sunflowier seed aresscake and rapeseed presscake are 

significant research breakthroughs.
 

The 'esults of this contra;ct contri,.ute to instit~ition building, the 
development of interactions between research grouns and private industry in 
Chile, and, obviously, to the development of research results hvhich are 
significant on a world wide basis. 

The overall project involved the Institute of Food Science and Technology 
of the University of Chile, the institute for Science and lechnology of the 
Development Corporation of Chile, and the Institute for Fisheries Developrment 
(their section on food technolopy) togiether with the Catholic University of 
Santiago. The project in Chile vas lead by Dr. Fernando Monckeberg of the 
Departmeit of Pediatric Nutrition of the Universitv of Chile. These institutions 
worked together on the overall project, each in its separate area of expertise. 

The National Haalth Savice of Chile contributed wanpo',..rer in the portions 
of the project conccrned with the field tasting of rroducts on a larmE scale. 

Coordination of the efforts in Chile and the training of individuals from 
these institutions was undertaken by the United States institution. Portions of
 

the nutritional and cheical analyses were done in the United Siates, and 
personnel from the United States worked in Chile bet'een the various institutions 
on some of the processing and nutritional phases. 

It is proposed that the present project cmloy the same groups since it has 
been found that, by coordinating the efforts of these institutions and by 
cooperating with interested commercial groups, 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 tie Deparbtient of Pediatric Nutrition 
of the University of Chile and, in the United States, the Department of Food 
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the regionality in the program,and Resource Chemistry. In order to promote 

liaison is maintained between the University of Buenos Aires, Department of 

Science and Technology of La MolinaNutritional Sciences; the Department of Food 

in Peru, and the Institute of Food Technology Research in Brazil. 

have been published or presented.Under AID/csd-3646, approximately 32 papers 

that have been presented at international meetingsAppendix I shows the papers 


or published during the last two years of the contract.
 

Introductior 

Although a number of products have been developed in Chile which are 

for weanliny foods and foods for pre-school children, theeminently suitable 
is not what we believe it should be.commercial distribution of these materials 

Some of tha foods are used in the national school lunch program and are prodaced 

the been extensive.commercially by a Clilean firm. Marketing of however has not 

This is due, in part, to the social organization of the country in which many of 

the schoolthe food distribution programs are carried out either through lunch 

program or the National Health Service in child care centers, resulting in a 

minimal incentive to market the food materials commiercially. 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. "This 

scale purchases of 121-fat powderedhas resulted, in the last year, in large 

milk from the world market by the governnent of Chile. Prospects for continuc.i 

of powdered milk are not good. and the cost will increase significantlyimportation 

in the next few years. It is therefore i;2ortant, both frou the standpo'nt of 

health and economvics, to increase the market and manufacture of the food 

contract. Cooperation has beenmaterials which have been developed under this 

Health Service and our investigative team toachieved between the National 

an increased effort in the marketing, manufacture and distribution ofdevelop 

two of our products - Leche Alim and Fortesan. It is thus possible to combine 

the efforts of marketing expertise 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 cooneration of the rational Health 

Service is urgently needed. This appears to be forthcoming at the present time.
 

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 



content of cereal qrains on a solids basis. Beans, as a representative legume, 
have a protein score which is decreased by the low content of the sulphur amino 
acids, particularly cystine and methionine. The legumes, however, also contain 
a significant amount of calcium and iron as well as thiamine and nicotinic acid. 
The utilization of legume proteins in Latin !Terica, particularly the southern 
regions, is thus very attrcctive. nince the major nutritional shortaqe of the 
lequmes is methionine, it :ould he erono'i al to fortify .i th r,ethionine; but 
an alternate is also attractive. In the southern reyions of Latin /hierica there 
is, as has been pointod out nV ti:mes, a sig:nificant productiorn of sunflc.er 
for oil. As is shn. in Table 1, sunfloer weal is a good.articilarlysource 
of methionine. TIe cobination, thus, of leugume protein with sunflower protein 
yields a combination which has an excellent nutritional value. Although thua 
legumes (in ti is discussion exciudirq soy) are widely used in the Latin Lerican 
diet, they are not generolly considered as food for children or infants. Thi 
is probably due primarily to two problems. The first is that, in ceneral, they 
are toxic in their raw state; and, therefore, considerable oreparation is 
involved before they can be consumed. Eeans must be cooked for a long period 
of time, and in :any cases, pre-soaked. All the edible legu .es known contain 
hemaglutins and, therefore, must be subjected to heat treatert to destroy mr 
to modify the protein. This is a prohleN, of course, in raw soybe;ins W.ich, in 
addition, like lany other legu;es, may contain trypsin inhibitors. All of these 
toxic materials are destroyed by heating so that. at least in adults, the proJucts 
are nonially consued without difficulty. In the feeding of children, particularly 
at home and on dand, the proble: of lon cuaokinr tines is a ajor one. 

In addition to these oroblems, the utilization of beans in young children 
presents some difficulty due to the problem of digestive upset caused by a 
decrease in rassage time through the gut. Combined with this, beans may cause 
flatulence. 

Rhile these problems are of considerable significance 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 been pre-treated to decrease cookino 
time required by a significant 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 the oligosaccharide stachyose is the major 
causative factor of flatulence in legumes. The elimination of stachyose by 

http:sunflc.er
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diastase treatment significantly reduces the flatulence effect of soy milk 

and, presumably, other leguminous products. 

It is thus possible economically to produce products from the legumes 

which are easily prepared for copsuaption and contain no toxic or deleterious 

materials and produce a ninium of flatulence. These products, then, offer an 

excellent source of Pro Lein. 

Table 2 illustrates the essentiRl amino acid ccntent of various leguminous 

seeds. As pointed cut before, these proaucts are cqood sources of lysine but lack 

methionine and. in se' e cases. trvntrhane. The tramendous world resources of the 

protein rcpresentoi '.' Lho 1Icuv:aes ras ire a nreat deal of additional work in 

order to effect their utilization. There is no question Lhat they could serve 

as excellent sources for the preparation of protein concentrates or isolates. 

The production of p:rotein isolates ord cncentraes his proceeded at a 

moderately rapid rate in the develooino ccuntries. Generally, these products 

are utilized as animal protein replacers in formulated foods, although some 

have been sold as simulated meats. Processes for the production of this type 

of plant protein are ccmparatively cxrensive since they, in most cascs, must 

serve a very specialized market where ehasis is ulaced ,ipon their functionality 

in a food material . There are, how,,ever, a numter of processes which can be 

utilized in the production of less souhisticated zeat or animal protein simulants. 

An example is the structuring of proteins brc".ht about by high-pressure extrusion 

techniques. This technology is of extre:ely lc. cost and oroduces an oriented 

fiber product. In Latin Arerica, much of the animal protein that is consumed by 

the, lower socio-economic casses is consume in the form of a soup or stew dish. 

Animal proteins are usually included as chnks or £ .all pieces. In the project 

referred to earlier, maoy of the formulated orod'cts are being prcduced utilizin'! 

a Wenger expander. By using a longer barrel on such a unit, structural orientatiun 

of vegetable proteins can Oe achieved. In a series of experiments performed in 

the United States, it was possible to produce proteins from 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 

utilization of vegetable proteins in a traditional dish used in the entire Latin 

American region. Costs of such a product ,ould be considerably lower than those 

of the animal proteins which they will replace. Additionally, since the products
 

are textured the fortification of the plant protein would be comparatively easy, 
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and no probleis with regard to leaching ,ould be encountered. A structured 
protein of good balance could be develnped utilizing lejume protein in
 
conjunction with sunflower or, aItern-tively, co~binations of fish protein
 
concentrate, or fish protein with other plant proteins. 
Previous experience
 
would indicate that appropriate flavors could be incorporated into the products
 

at low cost.
 

Rationale
 
It is believed that the group of institutions outlined earlier (that
 

is, the DemDrtent of Pediatric nutrition Yrf 
the University of Chile, the
 
marketing group of the Catholic Universit,, the Institute for Science and
 
Technology of Chile, 
 the Institute for the Developnent of Fisheries and the 
Departnent of Foot Science annd Technole., c 2 .iversity of Chile together
 
with the Depart:ent of Food 
and Resource Che:istrv and the Department of Resource
 
Economics of the University of Rhode Island) offer a co;bination of facilities,
 
personnel, and enthusiasm which is difficult to match elsewhere. Since the
 
project proposed is a broad-based one involving carrying products from the
 
laboratory phases of experimentation throucqn pilot scale production acceptability
 
testing and marketing each unit serves 
a particular function and each contribute.
 
to the overall project. The conrdination of all of these effortq has resulted
 
in significant advances in the nutrition of 
ore-school children in the Ciilean
 
region and has, 
because of its success, develoDed a great interest and support
 
at governmental 
levels. It is thus im.ortant to continue work in this 
line for
 
a period sufficient to 
assure the establis.ient of coimercial 
production and
 
marketing of the food developed. Each anit is able to work effectively with the
 
others and to make its contribution. One could 
not dispense with technology.,
 
nutrition, toxicology, or consumer acceptance testing, etc. The United States
 
base makes its important ccntribution by training personnel from the various
 
institutions in the host country, by coordination, and by backstopping the
 
research effort with facilities, eouiprent and expertise in the various fields.
 

The specific aims outlined next would be attacked more or less simultaneously, 
but a major effort will be placed 
 upon the marketing aspects of already developed
 

foods.
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Specific Aims 

1. The develoupent of warketino infor:ation and a subseent marketing 

promotion of the oroducts which have heen devpIoned rrevioslv. c.. Leche Alim 

and Fortesan. This prol'ram will require liaison between the CaLholic University 

(School of Economics), the University of Rhode Island (Department of Resource 

Economics), and the qroups in iMTEC. These qroups ,ill also be used to develop 

the marketing progrems for other products produced under the current contract. 

Cooperating in 'arket develop[Ient, becuse of the nature of the Chilean 

social situation, will be the National Health Service and the National School 

Lunch Feeding Progjrar'. We have already had cooperation from these groups 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 enterprises in Chile, and the in:erratioral aroup of Nestles. They have 

already packaged nunerous sawp les for the acceptability trials in Curico and 

will participate in the marketing aspects of the present study. 

2. The develo-y cnt of hinh orotein, 1o cost foods based on the utilization 

of lequmes in con iunction with other \ etauKl" o Pr in sources such as sunflower 

meal. fhose products would be processed in order to obtain a readily rehydrateble 

product with no toxicity utilizing exansion techniques In this area, we wold 

also attempt to develop a series of structured proteins of inherent low cost 

based on supolemented legu-es which could be used in traditional Latin American 

dishes.
 

Toxicity and nutritional testing would be done at the Department of Pediatric 

Nutrition of the University of Chile, and in the Denarti,.ent of ooc and Resource 

Chemistry at the University of Rhode Island i, the United States. Enzyme studies 

would be conducted at the institute for the Develar'ent of Fisheries and pilot 

scale prccessing would be performed at the Institute for Science and Technology 

in Chile. 

3. The development of low cost co-recinitants of cereal or 1ogyen.protein 

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

to supplement the deficiencies in the amino 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 too different protein 

sources, but rather an integral protein of mixed origin. The work on nutritional 

testing of these products would be perforned 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 .5evelopment of Fisheries and the Institute 

of Science and Technology in Chile. 



4. The training of Cilen protein Processinrobles, and 
market devqlopent. 
This traininq would be conducted in the United States and
 
initially would focus or 
 the training uf an individual in the analysis of micro
toxins, a skill which is badly needed in Chile and 
for .'hich no personnel are
 
available. The second area 
of consideration would be the study of methods of
 
producina structured roteins. A third need 
 is for training in the area of
 
market develo-ment. 

Procedure
 

1. ,arktiJn. It is ap-parent that 'hen one seeks to introduce a new product

to the market, background inforiation on that market, such as consumer purchasing 
power, purchasing habits, geographic distributions, size, distribution of retailers 
and retailinq ,urchasinp hLits are FJ.,-e2.J in order to develop ,rerera] nodels
 
for the diffusion of innovation to the narticular narket. This wds cited by

Wickstrm in Protein-Enriched Cerea-nol 
 -or ,w-ld .,.ds (edited by '. :lilner).

In particular, we will have 
 to deterine the : rketir,g instruients that in previous
efforts have been shown to have the best ef-ect. This information will 
not have
 
to be generated de novo 
since the Catholic Ini\,ersity has been studyinug marketinrr
 
of food products in Chile for some 
time and there is available to-. us the rketinc 
survey done in 
recent years by General OceanorraDhy. Much of this 
information
 
can be utilized in 
the marketing survey and subsequently in the market prootiun 
of Leche Alim and Fortesan, or for that matter, all other 
types of new food
 
products.
 

Additional 
infonration is available due to the development of Parkets for
 
protein rich 'Q)ds,such as 
Incaparina in Central Ayerica, Pro-Nutra in South
 
Africa, Vitasoy in Hong Kong, etc. Case histar-, studies on the ,arketing of 
these products (N.Wilkie, Marketing Strategy in DeveinDin: Countries to Combat 
Infant ialnutrition, Third International Congress of Food Science and Technology)
will aid in the developient of marketinn strateq' for the products developed in 
Chile. We will develop specialized data for Forteian and Leche flip by presantiro 
the pilot plant samples of the products to resoordents in different Chilean cities
 
to determine:
 

1) Concept eviluation
 

a. CRAM score
 

b. Key benefits
 

c. Product uniquene-s
 

d. Product negatives
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2) Product evaluation 
flavor, texture, consistency,
a. Specific product attributes, such as 


color, etc.
 

b. Key benefits
 

c. Problem areas - negative attribute analysis 

cd.Preparation
 

e. Serving
 

f. Possible frequency of use 

g. Likes and dislikes
 

h. Interest in purchasing 

i. The possible frequency of purchasing 

j. Price/demand structure 

k. Pac 'a inq 

These tests consist of two phases: first, a screening/concept/placement 

interview and secondly, a follow:-up interview. In phase one, the families are 

for the presence of children. Those qualifying will be exposedto be screened 
Phase two involvesto concept advertisement and their reaction to it explored. 

intervie.is which will cover the product oerfornance and reaction of the family 

having been presented with the products the-selves. Thus, primary information 

place can be learned and the peron acceptability of the product in the ar 't 


spective volume of the available market can be estimated.
 

Havinq detemined effective markeLin n infor'aLinn, the distribution channels, 

launch a limited test ofbe they governrent or private, can be utilized to 
exposedmarketing. We will probably use the cit.' of Curico .'hich has been to 

oovide estimatingthe products pre\iously. This exercise prill a nethod of 

ana at a aivun promotional level. Oncethe real demand at a given price level 

feedback from the liri ted test m1arketing is established, thethe given optimal 
for national marketingi distribution canpossibilities for promotion campaigns 

be review-ied with the interested private concerns in order to illustrate to themii 

the possible miarketing opportunities for such foods. 	 In particular, they are 

will be needed to developdesirous of ascertaining the pro,;.otional level which 

the market outside of the national feedinq oroanizations. 

Within the school lunch program and the National Health Service, there is a 

desire to utilize these products. This will be necessary in order to develop a 

use the results of our marketing development to convincebase production. We will 


them of consumer demand. This coupled with the promotional efforts and placement
 

http:intervie.is
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trials should develop an internal dejand for the products, and thus, in turn 

stabilize the base of production. National telcvision and radio 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 products, thus, in effect, the Chilean government will assist in
 

the market develop':ent of the products.
 

2. Leunp t.mili-',tien. The oporating parameters for pre-cookinn Chilean black 

beans and other leu;,:cs in a Wenqer expander will be determined. A pre-conditionin; 

and, possibly, a pre-ccok step will be used to 1or toxicity. The resultant 

product will be ground to a mash which will give ready reconstituteability. The 

toxicity as well as the nutritional value will be determined using rats as the
 

test subjects. The product will he coonounded '.'ith othrr .rr'ti or fortified 

to give a requisite FAO pattern. The moisture of sunflo.er seed and beans will 
be used in soup-base dishes for which a tradition exists. Acceptability of the
 

mix will be deter;ined in restricted populations (orphanages) in Santiago, using
 

children ages 3-7. The nutritional effectiveness in normal children will be
 

determined using previously dcscribed tuchni.ues.
 

Bean slurries will be digested with diastase in order to decrease the
 

stachyose content of the product or processed in a long barrel extruder. The
 

degree of removal of stachyose will be determined cheiically. and the flatulence
 

level of the product determined bv the rethod of Criseofareo et al. in adult
 

male rats. If sufficient reduction in stachyose content is achieved, the product
 

will be tested utilizing nor:ial infants.
 

The method of sproutini arior to cooking and drying to achieve stachyose 

and raffinose reduction will be compared against the diastase imethodology. The 

economics of both methods of oligosaccharide reduction will be detenined. 

An expanded barrel for the Wen 2r 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 training and production 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 rapeseed proteins will be deterrmlined (these are all indigenous to
 

Chile). The products or mixtures nf these products will be assayed for nutritional
 

value and acceptability in limited trials. Formulations utilizing these structured
 

proteins in the typical soulo or stew dishes will be made. These in turn will be
 

assayed for acceptability in schoul lunch programs in the Curico area south of
 

http:sunflo.er
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Santiago. Cooperation in the development of these meat substitutes will be
 

maintained between the industrial segment inChile and, since the processing
 

work will be done under the auspices of the Corporation for Development, it
 

is likely that, if the products are acceptable in the Chilean dietary, their
 

translation into cumnerical channels will be facilitated. It is likely 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 approgimates 415,000,000 a year in Chile. A significant percentage
 

of this cost involves 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 types Material variables Equipment variables 

Legumes Moisture content Temperature 

Wheat flour Particle size Shear rate 

Soy flour Additives Die configuration 

Rapeseed protein Conditioners Feed rate 
Sunflower protein Colors Barrel pressure 

Vegetable oils Flavors Die pressure 

Fish oils Amino acid fortification Output 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 processing
 

the proteins, as follows:
 

Low pressure cold forming 
Low pressure cooking and forming
 

High pressure cooking and forming
 

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. eat-like flavor and color 
5. Ability to withstand cooking in a typical Chilean dish 

3. Development of protein co-m'recipitants. 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 rianner that, even after grinding, the 
product is not se,reoatable. Further processina such as dryinci, coating, etc.
 
results in a more or less homogeneous mixture of protein sources. Thus, in
 
the expanded mixtures it is possible to develop a sin(,le protein base. The
 
acceptability trials of these intimiate ,ixtures using different processing
 
parameters 
 ,ill be perfoned to determine within nutritional linits the
 
processing techniquns which result in developing the ,:ost 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 develon a 
fish protein concentrate which is soluble at high pH's and is precipitable at 
its isoelectric point, e.g., approximately 4. Simultaneously, in working with 
rapeseed and sunflow,.ier, protein isolates using either salt extraction or high 
pH solubilization have been produced. The next logical step !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 
which has high nutritional value (better than casein) that can be utilized in 
other food products as a non-separating protein source. Co-precipitants with 
the addition of -flavoring ccriponents and other constituents sucti as hydrogenated 
fat will be investigated as to acceptability and nutritional effectiveness. 

4. Traininq of Chilean nationals. The individuals will be brought from 
Chile to universities in the United States or other institutions where 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 ricrotcin and pesticide contents of raw materials 
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that go into the various food forriulations 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 I
 

Personnel % Time 1/1/73-6/30/73 7/1/73-6/30/74 7/I/74-12/31/74
 

U.S.Personnel
 
Prof. Chichester 30 0 0 0
 
Research Associate
 
(gradiate student) 60 4,000 8,400 4,410
 

Secretary 50 1,500 3,150 1,653
 
5,500 11,550 6,063
 

Cooperating Nationals 
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 Marketi nq 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 Governmental Source
 
*** 2 Marketing Specialists will be paid by Catholic University
 

BUDGET II
 

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

Consultants 1500 1,500 750
 

Consultants are to be paid $100 per day.
 
Consultants are required to design and advise extrusion problems, 

acceptability measurements, dehydration equipment, and analytical 
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 7/1/74-1 2/31/74 

Employee benefits calculated 
at 11.2% of U.S. salaries 616 1294 679 

BUDGET V 

U.S. Travel 
4 round trips to 
Washington plus 
per diem for time 

I/1/73-6/30/73 

304 

7/1/73-6/30/74 

608 

7/1/74-12/31/74 

304 
Foreign Travel 

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

1 round trip to U.S. 
for trainees 

3,200 

500 

3,200 

1,000 

3,200 

500 

4,004 4,808 4,004 

BUDGET VIII 

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

Equipment (Cooperating country) 
Centrifuge 
Evaporator 
Calculator 
Long barrel for Henger

expander and lab unit 
Equipment (United States) 

Rat caqes 
Lab equipment for 
chemical analysis 

SUB-TOTAL 

Materials ar:J Supplies 
Lab supplies, beans, 
amino acids, fish meal, 
sunflower meal, animals, 
radioactive lactose 

Air Freight to Chile 

SUB-TOTAL 

700 

500 

250 
1,450 

3,400 

500 

3,900 

3,500 
3,000 

16,000 

2,000 
24,500 

7,800 

1,000 

8,800 

1,000 
1,000 

4,000 

500 
4,500 

TOTAL 5,350 33,300 5,500 



-Ib-

SUMMARY BUDGET 

1/1/73-6/30/73 7/l/73-6/30/74 7/l/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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Personal Data
 

PRINCIPAL INVESTIGATOR: 
 Clinton 0. Chichester
 

EDUCATION: B.S. 1949 	Massachusetts Institute of Technology, Cambridge, Mass.
 
Chemical Enqineerino


M.S. 1951 University of California, Berkeley, Food Science
Ph.D. 1954 University of California, Berkeley, Aqric. Chemistry
 

PRESENT EMPLOYMENT: 	 University of Rhode Island, Professor of Food and Re
source Chemistry- University of California, Professor
 
of Food Science and Technology
 

PROFESSIONAL SOCIETIES: 
 American Chemical Society; Institute of Food Tech
nologists; Society of ExDerimental Stress Analysis;

Association of", >mtive .ecicine 2I.' York Acad
emy of Sciences, S!-ectroscocov Society; American 
Society of Bioloqical Che.,,istrv; American Institute
of Nutrition; American Public Health Association;
American Optical Societv; merican Institute of 
Chemical Engineers; American 1edical Association;
 
American Society of Clinical Nutrition.
 

PUBLICATIONS: 
 Senior Editor, Advances in Food Research, which is now in the
 
20th volume
 

Editor, together with E. 1. firak and G. F. 	Stewart, of 
Monographs in Food Science and Technology
 

Author of anproximately 210 napers and books over the last 
fifteen years in Food Science and t.utrition
 

AWARDS: 
 Bernardo O'Hiqgins Award from the Government of Chilt for work on
 
the nutrition of children
 

National Academy of Czechoslovakia Gold Medal for work on nutri
tion of children
 

Ministry of Agriculture (Czechoslovakia) Gold Medal for work on
 
Maillard Reaction
 



TABLE 1 

Amino Acid Content of Several Oil Seed Proteins
 

Rape 
Amino acid (B.napus) 

Lysine 5.8 

Methionine 1.8 

Cystine 2.4 

Leucine 6.3 

Isoleucine 3.6 

Valine 4.8 

Phenylalanine 3.5 

Tryptophan ---

Threonine 3.8 

Arginine 5.6 

Histidine 2.6 

(q/16 q N)
 

Soybean 

meal 


6.5 


1.8 


1.7 


8.1 


5.0 


5.1 


4.8 


1.5 


3.7 


8.3 


3.3 


Sunflower 

meal 


3.5 


2.2 


1.8 


6.9 


4.2 


5.8 


5.1 


1.4 


3.4 


9.1 


2.8 


Cottonseed Peanut
 
meal meal
 

3.9 3.0
 

1.7 1.1
 

1.0 1.4
 

6.7 7.6
 

3.9 3.8
 

6.0 4.7
 

6.3 5.2
 

1.3 1.0
 

3.6 2.0
 

7.4 11.6
 

2.5 2.5
 



TABLE 2
 

Amino Acid Content of Pulse Proteins
 

Amino acid 


Arginine 


Histidine 


Isoleucine 


Leucine 


Lysine 


Methionine 


Phenylalanirie 


Threonine 


Tryptophan 


Valine 


Chick 

pea 


7.45 


2.68 


5.74 


7.39 


6.896 


2.75 


8.19 


3.55 


.82 


4.93 


Pea 


8.83 


2.74 


5.63 


8.27 


7.33 


2.50 


9.07 


3.86 


1.06 


5,60 


(gm/l 6qn N) 

Broad 

bean 


7.00 


2.94 


6.27 


8.70 


5.62 


1.12 


6.86 


3.26 


.93 


5.02 


Lentils 


7.63 


2.19 


5.26 


7.04 


6.11 


1.54 


7.07 


3.58 


.86 


5.44 


Common
 
bean
 

6.02
 

2.84
 

5.68
 

8.59
 

7.42
 

2.00
 

9.37
 

4.34
 

6.06
 

.93 
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