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INTRODUCTION 

The report will be divided into four areas: Section 1, work that has 

'been done on the extrusion cooking of mixtures of wheat, sunflower, fish
 

protein concentrate, and mixtures of these; Section 2, nutritional, accept­

ability, and toxological studies on extrusion processed products; Section
 

3,the work in progress in the scaling up of detoxification processes for
 

rapeseed meal and pilot scale processing of rapeseed protein isolate; and
 

Section 4, development of other protein sources.
 

1. Extrusion Proctstin g of Cereal Mi:xtures 

a. Alteration of Process Conditions
 

Processing variables for mixtures of skim milk, whole wheat flour, 

low fiber sunflower weal, and fish protein concentrate were studied 

duri.ng the period. Variations in processing cotditions as well as the
 

addition ot fat and flavor as part of the mixturec were also analyzed.
 

The effect of different temperatures of extrusion upon the char­

actoristics of the product of mixtures were determined. Itwas evident 

that the method of measuring tamperatures in the expander supplied by 

the manufacturer were unsatisfactory. In order to more accurately 

determine the actual product temperature in the output section of the 

exparder, a series of thermocouples were imbedded in the die-plates. 

Previously, measurements had been made using a thermocouple attached 



to the Jacket as'supp'lied by tile manufacturer, or measuremenlts were 

taken by attachinlg thermocouples to the barrel. The difference in
 

temperature between these measuring points exceeded 15 C. which, at
 

the low temperatures found necessary for the extrusion of wheat-milk 

mixtures, represented a sizable error in the measurement of product
 

temperaturc and, thus, with an error of this size made control diffi­

cult, since the error was variable depending upon the amount of cool-


Ing supplied to the Jackets. 

In all runs the die area was maintained constant at 0.58 cm2 The
.
 

product was removed from the cutting section of the expander and dried
 

on stainless st:eel wire trays in a drying unit which was constructad
 

in the last six-month period.
 

b. Effect of Size on Rchdriteabilty of Product 

The expanded product is to be utilized in the feeding of infants 

.and children and is designed to be made up with water. The ease of 

rehydrateability thus is an importan)t problem. Using a .ingle extru.­

sion tcmperaLure as a standard, e.g., 2500F., 
the relationship between
 

rdhydrateability and size of particles was investigated. 
 Results sug­

gest that for the product Leche Alim without added fat a grind size 

of a 60 mesh sieve gave excellent rehydrateability. Flour grinds such 

as may be obtained by Alpine milling cause lumping during preparation, 

and larger grinds were difficult to rehydrate. Investigation of other
 

mixtures also indicated that a mesh size around 60 gave the beat
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a 	 As a consequence,relhydratcabillty to fully gelatinized product. 

preparations for testing are uniformly ground to 60 mesh.
 

c. 	Effect of Process on Phy!lical Properties 

The effcct of proce;ifng on the physical characteristics 
utilizing 

in water with a composition as shown In 
a 60 mesh product rehydrated 

and the product qual'-
Table 1 was studied. Extrusion was at 250 0 F., 

expanded wheat. The consiotency, water 
ties 	were cormpared to those of 

Table 2.watvr solubility indc:.: is sho-n in
absorption index, and 

Under optintum proce.slng conditions it is obvious 
that the consisteory
 

Leche Alim produce. a much thicker suspens-.'cn
of the fully-proce-.sed 

in water than does the unpi'or.o.-sed mateiial. This is obviously duOe 

From a physical
the 	high degree of glutinization of the starch.to 


since the thicker material is capable

standpo.nt this is of Importance 

of 	holding the diiffvent components of the formula in sunpension, alad 

a gruel prepared fro- the product Is staible for 2 to 4 hours.
 

vs.

Table 3 shows the nitrogen solubility of pro zcssel Leche Alim 

unprocessed. The %odiui Ly'droxJde solubility was measured by the
 

49, 679, 1953). While the processed
mothod of Lyman ct al. (J. Nutr. 

materfa3 decreas.ed its nitrogen solubility ilivater, solubil-ty in 

sodium hydroxide Increi.acd, thus Illustrating that not only is the 

starch glutlni;zcd in the process but, additionally, there 13 some pro­

an 	 evaltvation indtctcs,
teLn modification. As the uection nutritional 

this doe:; not in the least change the protein availability in diets. 

http:decreas.ed
http:standpo.nt


Using the eonditions which give the best nutritional value for the 

product, tle viscosity of the processed and unprocessed Leche Alim was 

measured in a viscograph-amilograph at 300 C. The unprocessed or non­

gelatinized Leche Aliit gave effectively a 0 viscosity in Brabender 

units, while processed Lechc Alin! gave a viscosity of iVO units; thus 

Illustrating the increase in consistency of viscosity of the fully­

gelatinized product. 

d. 	 Stability. ;.,D]'L Addl Lion 

The stah lity of the pre-coo,-d Leche Alim is excel.cnt as reported 

in previous progiess report-. In order to Increaie the calorie den­

sity of the product three lots ware formulated wI.:Lh 4% hydrogenated 

fish oil. These were stored 'for six months in open containers. After 

26 to 28 weiws peroxide values were ieasurud on the product. Tho 

results are r1.-,in in Tabh., 4. 

It 	 is apparent that even utilizing hydrogenated fish oil, the prod­

uct show.1 excellent stability. The reason for the difference betj=cn 

the varlouo lots in peroxide values is not apparent but, in any ca.-c, 

the values obtained are extremely low. Thus, this type of product 

(that is, na extruded pre-cooked product) containing significant per­

cetages of fat is quite stable. li closed cont-iners, the hoped-for 

shelf life of one year should be easily obtainable. 

In addition to using lhydrogenated fish oil in the product, sun­

flower oil which is readily avallnblp on the Chilean market wag in­



3.3% concentration. This is presentlycorporatcd into Leche Aliim at a 

undergoing nutritional evaluation in infants, and the results of this 

will be reported in the next progress report. 

a. 	 Sensory Evaluation 

low-terperature cxpnnsion (toUnflavored Leche Alim inmde by using 

maximize both nutritional aud physical characteristics) a, compared 

Leche Alim by sensory panels. The two products werewith unproces,;ed 

presented tu a taste panel of 100 school children Letween the ages of 

two product:: were pre-ented as a suspension at 157.7 to 15 yearo. The 

used inw(ight/voi,!-r in cold wn!er. Th fortiulation which had been 

the distribut'ion of the utnprocessed product to populatJoais was used. 

The proces!-,ed Leche Alim, because of its gelatinization, was much 

thicker than the unprocessed ,,-ateria]. and did not show auy r,,nck.ncy to 

separate. This lactor inadc it preferred by 97% of those tn.tina. 

To invcst Igate the vffect of flavoring on Leche Alimr a series of 

or cerez, 1 prn.M­flavored Cnrmul.aLions were compared against unflavered 

ucts. Thie panelists utilizcd for flavor ranking were school children 

aged 32 to 34 years. Approximate]y 25 children were utilized in the 

ranking for appearance and approximately the same number were used for 

onflavor. The Lests were replicated utilizing the same subjects dif­

fc:rent days In order to substanti.ate the results. 

The method used for the analysis was that of paired comparison by 

assoeiation of two factors or attributes; that is, flavor and appear­



,ance. Finally, multiple comparisons were made of all samples. The 

rating system on flavor was the seven point Hedonic scale and ranking 

was used for appearance. 

Coloring matters used in the trial were added by spraying diluted
 

color solutions into the pro-mixed assembly on the expander, using air 

pressure for atomizing liquid. This resulted in good distribution 

prior to expansion. Tho- colorings used were those 8pproved by Chilean 

regulations. 

Flavoring compotents wore added to the dry mix as incapsulated 

beads before pre-conditioning. A large number of flaoring compounds 

were tested to determine which were adaptable to this mcthod of cadi­

tion. Four of the flavoring components would show little or no loss 

during procesbing, and these were the ones subitted to the flavor 

panels. 

The actual data on this was submitted au a supplemental rtport iii 

February 1970, although the third replication wais not finished. The 

data indicates without a doubt that flevoring and coloring the ex­

panded product makes it much more acceptable to children than the ex.­

panded unmodificd froduct. The eypanded product, however, is con-­

siderably noie desirable than the rm mix. 

An acceptability trial of the unground processed Lechu Alim Ila­

vored but uncolored was done utilizing approximately 125 school chil­

dren between the ages of 8 to 14 years. Simultaneously, a comparison 
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Alim and the unground material eaten out 
was made between milled Leche 

The following conclusions were drawn from this study:
of hand. 

a. The product that could be eaten out of hand (not mixed with
 

water or milk) was preferred in this age group.
 

in which sugar 	was added to the product, the 
b. 	 In a comparison 

sugar.the addition of 7 to 	8% 
best acceptability was achieved with 

The cCrea1 flavor (reinforced wheat flavor) was 
preferred above
 

c. 


almond.

those of strawbc:ry, 	butter taffy, unflavorcd, 

or 


Studie.i.

2. 	Nurrit-'nal, er"-pr_;ibt:Ijty,_alnd.Tox°nl-:cal 

L wIv atilon or Procc.rJ V'rf,:blesa. Nutritionl 

By 	 reducing the Lemperature of e:pannsjon and modifying the feed. 

t ws po.osbe to develop considerably higher nutri­
and water inpuL., 

The experimental work done 
tional values of the expanded roduct. 

expander in the past period permitted us to determine the best 
with the 

conditions for operstion. The variption in rate of fged, speed of 

added to the mixture, as well as the 
the mixers, the amount of water 

At the present time, expan­speed of pre-conditlo.ning were studied. 


slon is perforred with minlimum pre-cunditioning and with 	ccoling 
or
 

the barrels of 	the extrudar. By inverting the flow of water compared
 

to that of steam heating, it is possilble to operate at comparatively 

low barrel tempcratires. With such an arrangement,'tle pilot scale
 

unit i. capable of producing 309 po.-nds per hour of cereal-based
 

Thus, even the
product with a total retentLon time of 9 seconds. 


pilot scale unit operating eight hours a day under theac conditions
 

http:Procc.rJ


is capable of producing over 300 tois of product per year. In the 

previous report we indicated that the protein efficiency ratio of 

procaiased material wat. approaching that of the raw material and, con­

sequently, little or ,no nutritional effectiveness vyas apprently lost. 

The results opera-ting under the presently determined conditions 

indicate a vastly superior product from a nutritional standpoint. 

Table 5 shows that the processed Lechu Alim is significantly better 

than the unprocessed product which itself exceeds casein. Tho mix­

ture of wheat, sunflower, and fish protein concentrate processed ),Y 

the expander to which milk solids have been added is nct signiflicanly 

different in P.E.R. than that of the entire mixture p-assed throu,!h the 

expcnler. 

The results of a large number of fcodiog trials performed within 

the last year Is thus fully jistiflrd b~y the fact that, by using nu­

tritional efficiency to determine the effect of variation in picess, 

it was possible to adjust the process to give a nutrition1al effi.-iency 

equivalent to or higher than the raw mix. As far as our group is con-­

corned, this is the first time tOat nutritional efficiency (P.E.R.) 

has been used as a method of determining industrial processing condi­

tions. 

It is thought that the increase in protein efficiency ratio is due 

to an increase in digestability or absorption of the gelatinized starch 

mixture; this born out by other leeding trials where it w3s possible 



the protein sources to it, and 
to gelatinize the starch mixture, add 

achieve higher protein efficiency ratios than that 
of the uncooked or
 

mixture.non-gelatinized 

better determine the mechanism of this increase, NPU's
In order to 

proposed and will be undertaken in the 
and digestability studies are 

next period.
 

b. 	 AeceptabbLbSt tv.iilk Substitutc: in Curico 

of wide-sEcale distribiti. n
As indicated previously, the experiment 

in Decmber 1968 In the outsk-Irts or the 
of Leche Alim was initiated 

of CurIco. The number of children that were to be supplementedcity 

An equival.cnt control group was 
was 1,100 from 0 to 5 years of age. 

four centers 
included. In cooperation with the "Centro 	 de Madrrs" 

Children of pre-school a;e 
were utilized in the dirtrlbution scheme. 

of Leche Afim. The mother of the family cnmv. 
were allotted 1.5 kilos 

occasion, the 
to the distribution center once a month and, on that 


of the children were determined. The

height and weight measurements 

for this operation were recruited from the 	personnel
personnel requirvd 

and their salariesengage8 irn the local distribution centers,normally 

were pald by Lhe National Health Service. 

After tnree to four months of distribution, 	 a survey was made whose 

objective was to chcck the acceptance of the 	new product by the 

mothers. In addition, an attempt was made 	 to find the use to which 

the mothers put the product and to determine 	 the acceptability or 



rejection on the part of the child. In tho: experiment any propaganda 

or promotion of the product was avoided In order not to influence the 

mothers. The results of this survey have been calculated at the pres­

ent time and are presented be]ow. 

The distribution was carried on for a period of 18 months ending 

in the spring of 1970. At mid-point and at the end of the distribu­

tion, surveys were made to again determine the long-tern acceptability 

of the product. These result- are still in the process of beinc! 

asser.bled, and will be forwarded to the Agency as soon as they become 

nvailable. 

The preliminary data from the 18-month study Indicateq that the 

formulation was moderately well-accepted over the 18 conths and that 

the height and weight gains of th-_- population were equivalLnt to those 

that were receiving milk. In any care, this data will b2 submitted 

for publication and forwarded to tbe Agency as soon as the comnpleted 

correlation of the interviews with 'the people are available. 

The data over the three--month feeding period is summarized below 

in a series of 11 questions. 

1. Question - Do your children like T.eche Afim? (each person 

indicating the age of the Lli]d or individual). 

Answer - (In percentago)
 

AMo Yes No Don' t know 

1-4 59% 39% 1% 
4-7 62% 37% 1% 
7-10 63% 34% 3% 

10-13 55% 41% 4% 
13-15 56% 41% 3% 



2. Question - Do you have any trouble preparing it? 

Answer - (In percentage) 

Yes No 

14% 86% 

3. Question - If you have trouble preparing it, what kind of trou­

ble i-s it?
 

Aiswer - (In percent'go)
 

It is hard to dissolve, it forms into balls 2%
 

They prefer dry powder 3%
 
8%They don't know 

4. Question - Do you like "Leche Alim"? (generally the mother 

was the informant)
 
.4-

Answer'- (In percentage) 

No I have not tried itYes 

12%
65% 33% 




5. Question 

'Answer 

- Does your husbl'ncdVlike 

(in percentage) 

it? 

Yes 

60% 

No 

38% 

He has not tried it 

12% 

6. Question - Do other adults at home like it? (specifying each 

one) 

Answer- (In percentage) 

Yes No They have not tried it 

28% 53% 19% 

7. Question - Do you like "Leche Alim"? Cold? flot? With sugar? 

With no sugar? 

Answer ­ (In percentage) 

Cold 12% 
Hot b8/ 
Any way 2% 
In no way 

at all 18% 

With sugar 
74% 

No sugar 
1% 

Indifferent 
8% 

In no way 
17% 



8. Queution 

Answer -

-. If SNS would not distribute 

buy it In the market? 

(In percentage) 

milk free, would you 

Yea No 

56% 43% 

9. Question - Why wouldn't you buy it? 

Answer - (in percentage) 

Childri:n don't take ,t 
I don't hvi tihe money 
I don't kow 
Other an.wers 

54% 

29% 

5% 
16% 

10. Question - Why would you buy it? 

Answer - (In percentage) 

Children put oa weight with 
It Is very niourishing 
The children grow Mgger 
They l1ke It 
I don't know 

it 16% 
52% 
12% 
16% 

4% 
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11. Queation - How long docs the package of "Leche Allm" last? 

Answer - (In percentagc)
 

One week 15%
 
Two weeks 12%
 
Three weeks 31%
 
Four weeks 40%
 
More than four
 
weeks 
 2%
 

Oil the iWSlS of Lhi,; sutvty, it Is quote obviutls tat the acce|L ­

ance by the mothors of the Leche Alim formula is good, although some
 

of the answers to the 
questions seem cotradictory. A;,proxlImtely 607. 

of the mothers say that tbeir children like Lechc Alim, and 407 Say 

they don't like it. Fron the group that su'gesLs that they do not 

like Lccha Alim, 155Z have given much too uniform an answer, in that 

they suggest that none of their children, none of thendtilts, or they 

themselves like IU, and 5% say that some in the house don't like it. 

On the other hand, from the 40% of the mothers who say rhat their 

children don't like Lache Air, only 18% of the 40% have discontinued 

obtaining It from the distribution ccntei. This suggests that the 

rejection is only aiparet!L and that it is caused by other factors. 

It is rather apparent that a very large percentage of these people wish 
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the use of powdered milk, and cross correlation indicates 
to revert to 

it can also be used by the adults and 
that they like the milk since 

tile Leche Alim.much population base than
thus would serve a wider 

like Lechethe mothers who indicate that they
Sixty percent of 

product is quite remarknhle on tia 
Alim and are satisfied with tile new 

in any form.
product was not ndvertised or pronoted

basis that the 

that really reached the infant for who. 
The percentage of protein 

to be clearly high'qr than that of milk,
the Material is intended seems 

lasts close to four w,'eks, indicating that
Leche packagesince the Aliim 

the, child for whom the food was intended is the one who receives it. 

das in a
In earlier s!rveys we foundl thLat the milk lasts onlY SX 

normal family of five, indicating that It is being distributed among 

This is not totally the case, however, since in
the entire family. 

many cases iwen the inother was asked if older childran liked Leche 

Alim, the answar was "yes" in a high percentage of the cases. Appar­

use of toasted wheit, flour ic for children,
cntly, since the traditional 

these were the n:a'or recipients. 

Overall, it is also of extreme importance to note that 56% of the
 

that they would buy the Leche Aiim
mothers who wore inter-viewed say 


not give it away
'in the market if the National Health Service would 

free. ThlE, is certainly a high percentage when compared to many other 

surveys. On the other hand, Lhe individuals who say that they would
 

not
not buy it indicate in a significant percentage that ti-ey would 

because they don't bave the money. 



These data coupled with the acceptance data of the extruded prod­

uct would indicate that the significant advance in infant food produc­

tion in the southern Latin-American region is possible by formulating 

products based upon indigenous protein sources. These will find mod­

erate to excellent acceptability in the population and can be produced
 

at significantly less cost than milk. They call have the equivalent 

nutritional characteristics to milk. 

3. Detoxlfication of laesced Xeal 

Work on the dctoxification of rapesued for animals has proceeded 

in a mot satisfa:ctory fz:vhton. The rot studles cit:ed before are n,.. 

in tile fourth generation. There irs no Lvidence of toxicity from the 

detoxified rapesed meal in tile animals. All histology is considered 

normal; weight and growth patterns arc normal. Reprints of the papers 

concerning tile details of the initial work in this area have been sub­

mitted previously. Papers II and III on the detoxification process
 

have now appeared in tile Journal of Science of Food and Agriculture. 

The reprints are on file with our last summary report. A method for 

producing an isolate of non-toxic protein from rapeseed has been per­

formed on a laboratory scale utilizing a salt extraction. This method 

yields a protein of high biological value compared to other protein 

isolates and produces a feed-grade protein as a byproduct. A pre­

print of this paper describing the methodology which apparently is 

patternable is attached. It has been accepted for publication in the 

Journal. of Creal Chemistry_. 
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At the present time equipment for scaling the detoxified rapeseed 

has been purchased by the Institute of Food Science and Technology of 

in Santiago.the corporation for development and is being erected 

of rapeseed are to be initiatedPilot scale runs on the detoxification 

in SeptenJer 1970, and it is anticipated that the production of this 

will be 	used in completing the toxological studies in a second species
 

the minia­of animals, in tnis case the miniature pig. Some 	 studies in 

pig have alieady been initinted and the results indicate no sub­

that the 

ture 

stantial toxologicaa prob]ems. However, in order 	to show 

of non-ruminants, itdetoxIfied meal Is suitable for 1ong-term feeding 

in pig,' and a life­is anticipated that a two-year study is required 

time study in poultry b-ifore wide-scale utilization of the detoxified 

meal can 	be anticipated.
 

of Other 	Protein Sources4. 	 Development 

Some work has been initiated on the production of Hic extrusion 

of high lysine corn and corn fortified with lysine. These studies 

suggest that an expanded product made from corn may very well find a 

place in the nutriture of Chile despite the fact that corn is not 

considered a product suitable for human consumption below the Tropic 

America. By expanding the product the traditionalof Cancer in Latin 

corn character is altered sufficiently that the material does not 

re emlne the corn-like product. 



Experiments on the extrusion processing of fish-wheat or fish­

cereal products have been discontinued on the basis that the expansion 

unit as it is now set up does not give a satisfactory cook or expan­

sion. If these studies are to be pursued in the future, it will be 

necessary to modify the expander to allow a direct input of the pro­

tein raw material to the screw. 

Papers Publ]l.-ied or in Press 

The following papers have been submitted for publication during 

the past period. They. were presented at various me.etings in Chile, 

and it Js anticipated that they wfll be published in the Archives of 

Nutrition of Latin America in the vear future. Reprints will be sub­

mitted when they are available. 

(1) 	 "Extraccion, Purificncion y Valor Nutritivo de la Proteina 
do la Torta de Raps'". D. Owen, C. Chiichester, F. ,fonchoberg. 
Sociedad Chilena de Nutricion, tolugia yru+:y Toxicologia 
Reunion Anual Santiago 11-12 do '--ciembre 1969. 

(2) 	 Seperacion y Detoxificacion du la Proteina dc la Torta de 
Raps Eu l;cala de 'lanta Piloto. D. F. &>..,'en, C. 0. Chichester, 
F. Monckehurg. Sociedad LitinoAr~ricann de Investigacion 
Pediatrica IX Reunion Ailual Dec. 1, 2, 3, 1969, Valdivia, 
Chile. 

(3) 	 Extraccion do Proteinas de Torta do Raps para consumo Iiumano. 
D. (Oen, C. Chlichester, F. 'Ionckeberg. Primeras Jornadas 
Anuales de Pediatrica, Socledad Chilena de Pedlatrica 
-Nov. 26-29, 1969, Santiago, Chile. 
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in Cerealfor publicationaccepted
The following paper has been 

that journal. A 
and wtll appear in the October issue of 

theniistry 

- "A Process for Producing Non­
the paper is includedofpre-prilnt 

Feed By-Product",
and an AcceptableIsolate

Toxic Rapeseed Protein 

C. 0. Chichester.
J. F. Monckeberg,D. F. Owen, 

Budget (current year) 

Balance
ObligatedAppropriated 

21,239.99
15,624.94
36,864.93
Personnel 


Supplies and.. -5,719.87
 8,393.02
14,112.89
equipment 
3,689.32
1,498.56
5,187.68
Trvcl 
2,892.65
72.00


2,964.65
Other 

http:2,964.65
http:2,892.65
http:5,187.68
http:1,498.56
http:3,689.32
http:14,112.89
http:8,393.02
http:5,719.87
http:36,864.93
http:15,624.94
http:21,239.99
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Tab le 1 

ComposiLion of Processed (N,'on-laL) Leche Alim
 

Moisture 


Ash 

Fat 


Protein (min.) 


Fiber * 

Available Lysitte 

Carbohydrate 


7.0%
 

4.7%
 

1.7%
 

26.8%
 

1.9%
 

6.5% 

57.9 
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Tablo 2 

Effect of Processing on the Physical Characteristics of Lo.che Alim 

Consistency Water Abt;orption Water Solubility 

(cm) Index Index 

Unprocessed 24 1.96 33.9 

Processed 2.6 1.60 37.0 



Table 3 

Nitrogen Soiubilitv of Leche Aiim 

Protein N Solubility (%) N Solubility (%) 

Content in 1120 in 0.02N NaOfl 

Raw Mix 30.65 34.61 58.17 

Full Processed 
Leche A]Im 30.26 10.40 59.00 
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Tab le 4 

Effect of StLra. _on 4. Fat Leche Alim 

lot # 
mog Peroxide/ 

1000 gm fat 
Time of Storage at 

in weeks 
25 0 C. 

1 0.06 28 

2 0.06 26 

3 0 24 
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Table 5 
P.E.R. of Processed Products at Optimum Conditions
 

P.E.R. 

Unprocessed Leche Alim 2.53 

Processed Full Leche Aim 2.90 

Processed wheat, sunflower, and FPC 
with milk solid added after expansion 2.91 

Processed wheat, sunflowaer, with milk 
solids, FIIC added after expaision 2.87 

Casein control 2.50 


