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THE IFFECT O1'IiOCESSING ON l'lIOTI'IN VALUE O' CE .FAL IIIOMEIN 
SUP LMEINTS"' 

1.pianellan), D.F.Oen'),G. Spillere), and C. 0. Chiche!..A1r)
 

The developnent of new food formulas, Nvith hih
protein contents of rood biolo.gical wlue, from 
vegetable meals has received much at tcnion duting
the past five years. The increasi:tg availabi!ity of pune
amino acid., the development of improved processing
techniques to prepare these foods, and the day-by-
day firdin.s in nutritional research sug.est thei
necessity of a multidiiplinary approach to the 
problems of creating new food materials. This hI.ms, in 
turn, led tile food technologists and nutritionists to 
work together. 

Theie arc numerous reports in the literature 
concerning the effects of heat on the nutritive value 
of various foodstuffs. Since the cereals and oileeds 
will continue to pla) a large role in human feed in-
due to their content of utilizable protein, the cfftct 
of heat treatmint or their nutritional values is cf 
importance. 

Hlowever, when itbecomes necc,;ary to rroos
these products on an indult:ial scale, conipr;vcI,'l/ 
little is actually known concerning nutritive .osst:. 

a) Dcprnrcnt of Fool Sciciicc c:d Tccilolo)',Fcii7tY :[
Agronot y, Unitcrsitv of Chile, Scott:go.

b,Dcpat;ent of Food Science cd Tcch,:-ov,', ,'nivelsit),
of Ccliforz',, D vfi". 

CJ Delent~m of A,'utritionel Science, U:ircesity of CGelijf
ornia, Berl.ek,. 

"7his i'nc~:i'- ion n.cr rtp crt,.! 4iD /in p.rt L yCo, r: ,'t..


csd.15S7. 

An examtplc of liit' conflicting literature reoc,,its
shown in the followin-: TI,.,c: ct,'i repost th:t t: 
2.4 Proteit, Efficienqv P.atio (IIR) of a rav: c:n1:e
 
vat!tedced drattic:ly', to 0.7 -,fci h Iyt
y,. :,,;
a'd lo.stm- at 100 OC - 130-C for one hour. Y t
 
after bkir, and afi-d;)'in on a radiator fo; 24 Lo:.
 
the PR was 2.'. Th crixture contained wvh,:tt. ,51%; sucroe, 19.75;e,-:wmite, 1.5%; lark.!b:n.
 
7.6%; oil, 5.21; yeast, 3.0'!; nolas,.es I.-; amd 1!t
 
0.911. The inclusion of su.g5ar is to be njotd. :cfl..: 
C1 o12 repoteCd th1A 34 nimrrltC, Of notl cohmn'e c! 
a cereal rnixtur,, dtci-n.ttd M.ixture 9, had no eff'e. 
on lysiie, which Icmn:riwnd cv.entilly the s:11ie. T-,
also state: "Nitrogen balance studies provid.:d f(il.:

evidence thit lrotein quality of tile mixture 
was nv 
impaired by cokin,,,.'" (The contcnt of Mixture 9 W,' 
corn flour, 2....sor-.hum flour, 'S)"; cottohs.-' 
flour, 38%; lornila yeast, 3%; and dehydrated lef 
meal, 3%

These findin' su-':,.st that the processing tce
nique of all niw products of thi. type must t: 
carefully considCrCTL. In countiics whece thare is2' 
ernrergece froni the sn ho:ne-coo':in,, type clhol,
productcon to large, cpera!:on tIncomnercial ; -

comes very important from the uItriLicoal as;e.!
Thl :t i I dat 1Sod in ! 1:!t i)ns fo.r r f,.!

r.ut* i d, :n, r
dta" . 
product:, L:.ed l,.ely oa 'lishe \.,.. 

protein, Q. minis, etc. which .'.ere dc.mn:i::e' 
f oo ds , . r .. 'Cereal ,,o . ,,:l ...-~t ~ :- :* aa p -,:: .,-,,, " '~ r,; ',
 

treatment an, in the prcS.'acC ofcar.'....
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,pcciilly tcducing sugars) can react in a Maillard-
t , reaction. The diLestibility is lowered, as is the 
!.olojical value of the heated protein, causing, poor 
,)wth in animal .rceding tri;ds.3 , 

On the industial scale the technol, git and the 
,:tritionist must be aware of the effect of corn-
,,sition- and processing variables if thre nutritional 

on a screened tray for drying in a tunnel dehydrator. 
The process wvs carried out at 54.41C for 3 hours, 
with an uncontrolled dewpoint and no recycle. It vas 
dried to a moistire of 4%, ground to a meal fineness,
aid stabilized to 6%moisture. 

Process II: F.ec:c.drying 
The cooked sample was fro~en in a still chamber at 

,ulity of foods is to be im-rovcd or fhe -20"C, vith the sample dktributed on spccial trayshear'trii:ed. 
jarino groups of foods or tho.c added r;3ay iltrcact 
jiff(rently or may react at different rates. The 
gitbohydrates of mixes vhich may give rise to 
gcducing sugars or act a. i~trrcdiates in the,illard 
rcaction are of particular importance during the 
i:,dustrial processes. Because of the gTreat vOlunr" of 
cereals, the us. of amino acids ftr Supphl'mnenting the 
incomplete proteins of ccreals in the diets of two 
billion people is foreseeable it the near future and 
ilakcs this of increasinp importance. 

In our studies, vhich ,:rst be csid--:c!d prclimin-
ary, mixtures of cornt me! and sovb :i nim. v,-'erc 
nriched with amino acids and subjected to diffcrcnt 

processin.- conditions. WI'ethen tested the biological
" 

value of tire proteins. 
Procedure and Materials 

The various mixtures and pocess--s involved w'ere 
belov were 

thenpedthen used,as aa baseasefurrtionsfur fe'dxto rata inc 
'hevar osdescixtcs d hses invo.-cd 

as ration~s"'e to ras in 
pmotein-cffi,1ency feeding trials. The amino acidmxtur ciherbycontnt f eah %vs3dusidcontent of each riixture w,,as adjusted either by 

formula manipulation or, vhere this was nct possible, 
by the addition of amino acids to equAl or sli-htly 
exceed the FAO amino acid pattern of 19615. 

Mixime 1 (3 proce ing vari:ations), consi',ting of: 
41.00 ,:g of yellowr, dent coin (,iound)
&6.76 pim of L.-l.ysine 

111.50 gn of 1.-Methionine 
37.40 gin of I.-Trytophan 
80.00 kg of w,,atei (distilled), 

The amino acids were first dissolved in water in 
order to give a homogeneous distribution. I li corn 
and water mixture was then heated to approximately 
SOC in a steam-jac"eted cook!ing kettle arid held 
approxiriately 1/2 hour at a maxinrurn tCenlCra ture 
of 76.6CC with frquent stirfir,3. No burn-on was 
encountered. The pamti dly gelatinized mixture was 
then divided into 3 equ:l parts to be processed. 

Alixtuire 2 (3 processin,, variations), consi.ting of: 
23.30 kg of yellow dent corn (grount) 

4.45 kg of soy meal 
13.10 kg of corn starch 
29.50 gm of L.-Lysinre 

130.60 gn of L.-Methionine ' 
12.97 gm of l.-Tr:.ptophan 
79.00 kg of w.'ater (distild)

In both mixtures ca;c was tken to nraintain a 
3:3:1 ratio of lysine-mcthionine-trvptolian. 

This mixture .'as prepared in tth.e s:,:nmner as 
nrixttue 1. The proccsin.' for both ratures w.s 
carried out as follows: 

Process I: Dc/n '-!,,:i,, 
cooked whi!e stil! 

through a die to form.a ribbon, which was distributed 
The " mixture, hot, was forced 

previous to freeze- drying. This process took approxi
niately 30 hours per batch (I mix per batch). The 
resulting cAke was then ground. 

ProcessIII: Canning 
The cooked sample, still hot, was canned in 

number 202 x 308 cans. Then the cans were 
processtd for 130 minutes at 115.5'C in a still retort. 
This time was calculated for a non-acid food heated 
by conduction. 

Protein Effciemcy Testing 
Weanling rates (Spraguc-Dawley strain) were used 

as the test nimal to determinle the I R of each of 
the 6 variatlons prepared. A modification of the 
A. AC 1EI method r was mplo ed in the deter

rninntions. The formtda fed was supplemented with 
vitamini, (1%); corn oil, (3%); mine:rals, (4,); and 
water added to brig the total moisture to 8%d.The 
protein content of all samples was adjusted to 10%,Teaioai nl~so ahvrainva 
The amino anlyzd of ach variationacid is Wsareastured by tihe 'Moore and Stein technique usin.-
Tcnio Auo'Iyzr TtI niroe of the 

,utoa.. ter. oliiitrocn the 
samples vas determined by macro-lKjeldahl method. 
l'ypt'ph:in det,.'Jmnimnations were miade by microbio

logical assiy using, Lactbacilhts plantaruin. 
Discussion 

As shown in Table I, mix 1, the I'ER's for the 
air-dried and freeze-dried samples were very similar 
(1.92 and 1.99); however, the canned sample had a 
greatly decreased I'ER of 0.81. In mix 2, the air-dried 
sample was lower than the freeze- dried sample, the 
latter being higher than the caseini control. As in the 
first group, the canned sample showed a lower l'1R 
of 1.30. 

These data piarallel the anino acid data shown in 
Table 11. In mixes I and 2 the content of amino acids 
of the two different canned sanIrples was lower in all 
cases than that of the dehydrated or freeze-dried 
samples. The drop would account for a reducrion of 
growth, but not, it is felt, to the extent experienced. 
It v.'as suspected that a possible interaction of amino 
acids and carbohydrates may have occurred. 

The lower lIPE found in both cannied samples is of 
significance as it is wicely accepted that the normal 
canning process results in miniuail nutritive loss. 5 

However, Ilalevy and Guggenhein 6 refute such a 
view, statin, "...by autoclaving vheat gluten with 
g.lucose, 50,% of the lysine wa's destroyed and the 
aimount of lysin, released by pancreatin was likewise 
reduced by onez-half." 

In this tzil, working with corn and soy, it is also 
very possf-1e that the c-nmd samies pres.e'nt the 
sale' ple.;omnrnoa of deitruction of lysino through 
the brovnin g reaction. 

Ill 



Recent studies by 13octo1 and Ilarper7 show;that 
heating cV.g white in an autoclave at 121C for 2 
hours did not reduce its content of available lysine,
but when it was heated for 12.5 hours the loss of
available lysine was about 13%. Quoting fronm their 
work, "When samples contaiin, different a1.o1unts
of rjucose were similarly heatcd for 12 hours, the 
sample with 2% of c!hcose not only shoved the value
for lysine low, but :!so the values for methiionine, 
histidire and ar.ininc.'I"[hcs., findin .; our%vree.ith 
results. We are confronted with the fact that under
certain conditions amino acidls are made unv.ailable 
by heat, pll and carbohydrates pte. nt. The im-
portant point is that in this study thce chan.cs have 
been produced under nortmal comnercial canning 

TAAr1fLEaMI i emoisture 
PER of ML\ tore I an1d mixture 2(accordit to the method of C-.!mpbelI9 ). 

PER Mixtull 11 
PER Mixture I corn and soy' 

Treatments corn meat a.nd meal plus 
amino acids artlino aeis 

Raw Mix 1.24 ± 0.2 2.20 :0.4 

Air-dried 
Freeze-dried 

1.92 ± 0.4 
1.99 ± 0.4 

1.88 i 0.4 
2.95 - 1.0 

Canned 0.81 ±L0.1 1.30 .±0.2 

(cascin control, f 1'p 2.50) 

procedure conditions. In the case of the cal,j
samples, the reaction betvcen protein and hyd:o.
ly'zed cereal stirch fo.il)ly invokses a cd..nsl0. 
of the carbonyl ,roupof the hdrol.:te with t.
free amino groups of the amino acids to Ircduce 
indi-estible linka-e. This seems a v;,lid reason for t.. 
mar:edly low PER observed. ilhih thi*i:.n- is rci-.. 
forced in that the air-dricd s:amfcs and the fiecz7.
dried s:amples, whcre only mild heat treatinent ,,s
applied, show a IER value close to that of t: 
control. 

In order to confirm the findins of the trail jst

under discussion, a 5econd tri:ri \,as conducted. in
 
this follo.'-u investi 
 a.tion the oilirai conditions of
 
canning, i.e., 115.5-C fur 130 mintes, v.'cre 
 el,ployed (using 202 x 301"canl; ,sbefome). Ilowever, il
 
this trial the irlfluence of type of carbolydra,
 

interaclion of free amino acids and level of free were considered. Four of the five variatio;.s 
were desi-nied to elico'r.rgc the .aillaud reaction asinfluenced by citler :,l::rose or cI l:stirch. O:;,c f
the four riers.was fin them 
 l,'1difi..Q! 11y the addica 

of 10% of dextlif. The unhL;1tLcd control vrou 
received the S:amc amino acid lixtuc as tie ot!:ers.Natural piotviln uwd ill all cases .: i mm-frccANRC ca. 'in.All ,.oip. were frmau-l::t ed s as to 
contain 1(1t. tI'. from c. I',-'fuiu frte 

anrirro .ids (;mrixcd :to'rrd;n. to the .:N1"C a;1o :t.iJrequirements for te rat)] . Fat, fiber, niirrer.rl mil r 
the A.O.A.C. for the st:rmdaid I'.R tc ,t. MoL:,,tre of 
vitatis wce sirpl~li..,l .,tthe lvels rcL.rnnQ!iCoridCj ty 

allgroups excpt the coitrol w:,;'j:rxi:ttcl o 35-. 
Table 3 smnlli;,k.s diets, treattment;, aild M"1,s 
resultin, frorr a four-v.eek feeding tiil. 

TABiLE II 
ESSENTIAL AMINO ACID CONTENT Of 'llE MIX UR'S NSl)NDI'lFAfMINTS 

Mixture 1 Mixture 2 
Corn meal & Amino Acids Corl meal & Soy meal 

& Amino Acids 

Amino Acid Air-Dried Freeze-Dried Canned Air-Dried Freeze-Dried Cannied 

-_gm amino acd/100 -,,sample 
Threonine 
Valine 
Methionine 
Isoleucine 
Leucine 
Phenylalanine 
Lysine 
flistidine 
Arginine 
Tryptoplhan* 

.295 
.422 
.381 
.289 
.946 
.448 
.464 
.261 
.387 
.033 

.319 

.456 

.44 
' .311 
1.011 
.475 
.452 
.291 
.436 
.034 

.273 

.355 
.377 
.275 
.943 
.423 
.380 
.277 
.379 
.027 

.381 

.576 

.407 

.447 

.999 
.584 
.560 
.315 
.676 
.069 

.385 

.520 
.417 
.391 
.901 
.543 
.498 
.299 
.628 
.071 

.348 
.434 
.295 
.346 
.816 
.465 
.383 
.256 
.500 
.03.A 

" 

1 icr biotoL;jt a:a'. 

112 

http:niirrer.rl


ABILE Ill 
SUMM lONS OF 1)11 S AND) 1*RLATMN'S 

FOR TRIAL No. 2 

TREAT-

[IIET COMPOSITION MENT PER 

-ontrol Sucrose , Amino 
o uappearance

Acids, Casein unheated 3.50 

2 Suciose, Amino 
Acids, Casein heated 1.00 

3 Cornstarch, Amino 

4 
Acids, Cp.. in 

Corn~tarch, Aminio 
heated 2.97 

Acids, heated 

Cascin unheated 2.97 

5 Sucrose, Dextrin, 
Amino Acids, 
Casein heated 3.39 

TAI I.E 4 

SFI.ECT1V'IESSENTIA. AMINO ACIDS OF 


CONT1'lOI. RATION AND .'2 I:A'TION 


(gin amino acids/100 gin saiple) 


Control 
,.nino Acids ration '.2 r:tion 

.. 
,lethionine 0.393 0.393 

Lysine 0.633 0.477 
listidinc 0.324 0.268 

krfinine 0.331 0.211 

eprocessin tempra-
It should be noted that the bes ofheat 

uires employed wee calculated on the basis of heat 
)enctration (by conduction) to achi.ve a safe Lvel of 
nternal can heat.'Teperatures necessary will vary 
vith niateiial, but, as used in this histaice, are riot 
1inU1sual, 

The pigmnentation and bitter odor of the browning 
eaction were evident in both #2 and 5 groups 
Table 3). Di 7t"2 was the most obviously affectedoth in physical appearance an~d bialcwtical value. Det 

,as.5 of li-,htcr cuolr, althouh da'ker than Diets. 
3 and iI, but its protein valuea urlimpAimed.This 

irotein-spari; activity, protc:tive action or even 
ruwth-promoting pmoperty of dextrin h:!s been noted 

)y Ilaiper and ElvejchmS as \v,:ll a mninioned ill 
RC publication 990. 

The amino acid ar:-..s of the #2 ratio., shown in 
Table 41 rve.ld, as in the first tri::l, a substntially 

a- well as similar decreaseslowered lysine I.vcl (30".) 
in arginiiie (36',) and hitidirie (20'). lhes findings

re amply verified inl the literature. .4.6 

At th-. end of the: four-wee.: test period, 4 rats of 

group V.. ,'ic fed for an additional two veeks on 
their uiu-il formula sutpplemented with 0.55" L-!ysine 
and showed inimediate i;.,proveracnt in physical 

with wvec!, weight gains avCra,ing 25 
gra:n eacl', compared to 7 gran./week previou.ly. 

Two other rats of the sanme group were s.itched to 
the control ration and averaged a gain of 40 grams/ 
wce.. Aain this appears to indicate that lysine, while 
the mujr factor, is not the only amino acid rndcred 
unavailble throu..gh carbohydrate action and/or proc i, rcdrs 

e 

Conclusions 
The results obtained lead us to the following 

conclus,,ons: 
1. With the increasinw, use of hih carbohydrate 

cereals, care must tie e,:ercihed whlwn choo.ing pro
cessing teclniquest to :ivoi hydrolysis of the starch, 
thus kceerji: reactive earbon$yl froups to a minimum. 

2. The addition of sucros-e or dextrosc to a 
product destined for processing under conditions 
favoran!le to develcpi:;'. the Maillard reaction may 
create a nutrition.l I !.ii if the product is to be a 
major source of nutrints for any segment of a 

poptilation. 
3. I)efinite wor: in the field of amino acid 

activity and interaction u idel the variety of condi
tions peculibr to food ptecc' sin-, should tie of high 
priority. This is of speciafl importance because of the 
potential usf, of amino acid mixtures. 
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