AGENCY FPOR INTERNATIONAL DEVELQOPMENT

BIBLIOGRAPHIC INPUT SHEET

WABHING TON, D. C. .092»

FOR AID USE ONLY

37

A, I'BIAARY
. SUNIECT Agriculture AQ10-0100-0000
CLASSI- 8, SECONRARY
FICATION Food processing--Cereals

S TITLE AMD SUBTITLE

The effect of processing on protein value of cereai protein supplements

, AUTHOR(S)

Planetta,!l.; Owen,D.F.; Spiller,G.; Chichester,C.O.

. DOCUMENT DATE

1968

4p.

5. NUMBER OF PAGES

6. ARC NUMEER

ARC

+ REFERENCE OONIGANIZATION NAME AND ADDRESS

Calif.--Davis

« SUPPLEMENTARY NOTES (Sponeoring Organization, Publishers, Availabllity)

(In Proc.,Western Hemisphere Nutrition Cong.!l,San Juan,Puerto Rico,1968,p.110-113)

8. ABSTRACT

10. CONTROL NUMBER

PN-AAC-307

11, PRICE OF DOCUMENT

12, DESCRIPTORS

Canning
Dehydration
Freeze drying
Nutritive value

Protein supplements

13, PROJECT NUMBER

14, CONTRACT NUMBER

CSD-1587 Res.

15. TYPE OF DOCUMENT

AlD 6901 (4:74)



proéo(_f'{l'l;;‘;.,bf‘ Ve T TS S povy o et one Longrine Ty,
San Juan, Puerto Rico, Aug, 27-29, 1968,

Medical Assoc., Chicago, 111, 1969,

—————

Pub, Amcrican <S5 /\509?

PO TITT PN-AAC-z0T

o
rﬁ,?‘( Xy

13. Block, R.)., and Eolling, D, Arch Biochen 6:277,
1945,

. 14, Cenual Soya Co. Inc., Chemurgy Division, Chicupo,
I

15. The Japan Protein lndustry Co. Ltd. No. 1920,
Ogawahizashizhe Kodaira City, Tekyo.

16, Martin, Roy E., and Lechir, David: Food Lugin.
ecring, April, 1967, '

17, Bressani R, et al: J of Nutrition, 93 (3): 349, 1967,

18. Ralstun Purina Co, St. Louis, Yo.

19, Archer Danizlls Mediand Co, Minnezpolis, Minn,

20. Altschul, Aztar M.: Present Stftus of Proteins from
Oilsceds, Meeting Froicin Noeds of Infants end Children,
publication 843, NAS/NRC, 1561, pp. §17-530,

21, Racizalupo A.: Qilweed Protein Foods, In Proceed-
ings Westcrn Hentisphera Nuteition Coirgress, | 965, Cliicara:
Amcrican Medical Asseiintion, 1946, rp. 90-94.

22, Cegan, Ui, et al: J Agr and Food Chem, 16(2):
145-363, 1968.

23. Bres<ani, Ricardo, et al: J of Nutr 93 (3): 349-360,
1967.

24, Deschamps, I; Calderon, P and Genralee A iy
tein Concentrates from Seome®, Lolisin 7, VIO
Protein Adviory Group, O0t 1957, pp. 4384, ’

28, Steenivasan, A: S of lrvod Scivice cud Tt'L‘).‘;.'c-.’(,‘--, ¢
(2):59-65, 1557, ’

26. Dutia De Olivzica, LR, and Scatena L. “Fras, .
fromn a Soytenn Mith Powder™, J of Fead Scicnee 32 (_:;
592-594, 1967,

27, Bresani, Ricardo: Formutated Veoetalls Mis ture,
Proceedings Western Nemiiphore Nubition ¢ ou;rss, 4
Chirazo: AMA, pp. €600, )

28, Martinez, WL, ot al: A Cemparative Study ¢ .
Picpazation of Cottenced Protein lsolxtes I, Chareer -
zation and Colar J Agr ond Food Chem, in press,

29, O, L., and Adair, D The Froductien af Proo, .
Toods and Concentrites frum Oilceeds, Tropival Prol..e
Institete, Lendon.

30. Purpia, HA P Protein Teolds for Lacs Dovolen
Countrics, in froccedings of the Dnl Internstionsd Cen v,
of Faod Scivnce and Tedinology, Wariaw, 1966, pr, &

31. Reynoso, Z,, and Bacigalupo, A.: thesis, Univepid,s
Agraria, Lima Peru,

THE EFFECT OF PROCESSING ON PROTEIN VALUE, OF CEREAL PROTEIN

SUPPLEMENTS*

L Plancllu"’), D.F, 0\'.'enb), G. S[:illcrc), and C, 0, Chichesti?

The developmeat of new food formulas, with hish
protein contents of good biolopical value, from
vegetable micals has received much attention during
the past five years, The increasing avaitabilily of pure
amino acids, the development of improved processing
techniques to prepare these foods, and the day-by-
day findings in nutritional research sugeest the
necessity of a multidisciplinary approach to the
problemis of cieating new foad materials. This has, in
turn, led the food technologists and nutritionists to
work together,

Theie are numerous reports in the literature

* concerning the effects of heat on the nutritive value

of various foodstuffs, Since the cereals and oileecds
will continuc to play a large role in human feeding
duc to their content of utilizable protein, the effiet
of heat treatment on their nutritional valucs is of
importance,

However, when it becomes necessary to procecs
these products on an industsial scale, comparatively
little is actually known concerning nutritive losst:.

a) Deporimient of Foad Scicnce cid Technology, Faculty :f
v Agronomy, University of Chile, Szutizgo,
b) Departunient of Food Science cnd Techiology, Uriversity,
of Californis, Davis,
¢) Departeat of Nutritional Scicnces, University of Celif-
ornia, Berkeley,

SThis investigstion voze supported in part by Controct 1D/
csd-1587,

110

An evample of the conflicting literature Tepits &
shown in the followinz: Block ef of report that the
2.4 Protein Efficiency Ratio (PER) of a raww eate 1]
was reduced drastically to 0.7 after heatinn by bakir;
and toasting at 100 °C - 130°C for one hour. T
after baking and air-diying on a 1adiator for 24 houn,
the PER wus 2.4, The mixture contained wheat tflowr,
3195 sucrone, 19.700; epe white, 11.5%5; lacte dbumin,
7.6%0; oif, 5,20 yeast, 2,070 molasses 1.17%: zind salt
0.99% The inclusion of suear is to be noted. Dressis
et 012 reported that 28 minutes of normal coariny ¢!
a cereal mixture, desipnited Minture 9, had no eifad
on lysine, which renmined essentially the same. They
also state: “Nitrogen balanee studies provided furtha:
evidence that protein quality of the misture wes ne!
impaired by cooking,” (The content of Mixture 9 wis
corn flour, 28%; sorzhum flour, 28%%; cottonsed
flour, 38%; torula yeast, 3 and dehydrated Iei!
measl, 3%.) :

These findings suppest that the processing tock

"nigque of all naw products of this type mmust b

carcfully considered. In countijes where there is 27
emergence from the small, home-cockine typs ¢f
production to large, commnercial cperations this te
comes very important from the nutritional aspest
The nutnitions) dta used in caleulations far new foo!
products b, bLased laraely on peblished valuss i
protein, silamins, ete, whivh were detennined o2
foods subjecred to relutively mild vonking contithens
Cereal prateing and animal proteins undor sove

treatiient and in the presence !

of carlahvd
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',?ccnlly reducing sugars) can reacl in a Maillard-
e geaction. The digestibility is lowered, as is the
soloﬂl;:ﬂ value of the heated p.utcm causing poor

-owth in animal feeding trials,3 ’

On the industiial sulc the uchno!ngist and the

eytritionist must be aware of the ¢ffect of com-
~qsition - and processing variables if the nutntm'\al
quality of foods is to be improved or maintzined, The
smino groups of foods or those added may intesact
Jifferently or may react at different rates, The
cbohydrates of mixes which may give rise to
geducing sugars or act as intermediates in the Muillard
reaction are of particular importance during the
industrial processes, Becauss of the great volume of
cercals, the usa of amino acids for supplementing the
imompklc ptoteins of cereals in the dicts of two
billion pcople is foresecable in the near future and
makes this of increasing importance.

In our studics, which must be considered prelimin-
ary, mixtures of corn meal and sovbean meal were
enriched with amino acids and subjected to different
processing condilions, We then tested the luuloucal
value of the proteins,

) Procedure and Materinls

The various mixtutes and processes involved were
prepared as described below, These mixtures weie
then used as a base for rations fed to raty in
protein-cfiiciency feeding trials. The amino acid
content of each mixture wos adjusied cither by
formula manipulation or, where this was not possible,
by the addition of amino acids to equal or slizhtly
exceed the FAO amino acid patlern of 1965,

Mixture 1 (3 processing variations), consisting of:

" 41.00 kg of yellow dent corn (round)
£6.78 pm of 1.-1ysine
111.50 gmy of L-Mcthionine
37.40 g of L-Tryptophan )
80.00 kg of water (distilied),

The amino acids were first dissolved in water in
order to give a homogencous distribution, The corn
and water mixture wis then heated to approximately
§0°C in a steam-jacketed cooking kettle and held
approxinately 1/2 hour at a maximum temperature
of 26.6°C with frequent stirting, No burn-on was
encountered, The pottially gelatinized mixture was
then divided into 3 equal parts to be processed.

Mixture 2 (3 processing variations), consisting of:

23.30 kg of yellow dent corn (ground)
4.45 kg of soy mueal
13.10 kg of corn staich
29.50 g1 of L-Lysine
130.60 gm of L-Mcethionine
12.97 gm of L-Tryptophan
79.00 kg of water (distiliad)

In both mixtures case was taken to maintain a

3:3:1 1atio of l) sine- nnlhxomm-trvpton.‘.

mixtuze 1,

The proccs&ing for bom ml\lu.

Carricd out as follows:
Frocess I: Dehiyibation
The cooked mixture,

through a dic to form,a ribbon, which was distributed

¢S Was

while still Kot, was forced

- It was suspected that 2

on a screened tray for drying in a tunnel dehiydrator,
The process was carried out at 54.4°C for 3 hours,
with an uncontrolled duvpoint and no recycle, It was
dricd to a moisture of 4%, ground to a meal fincness,
and stabilized to 672 moisture,

Frocess II: Freeze-drying

The cooked sample was frozen in a still chamber at
-20°C, with the sample distributed on special trays
previous to freeze- drying. This process took approxi-
mately 30 hours per bateh (! mix per batch). The
resulting cake was then ground,

Frocess I1I:  Canning

The cooked sample, still hot, was canned in
rumber 202 x 308 cans, Then the cans were
processed for 130 minutes at 115.5°C in a still 1etort.
This time was calculated for a non-acid food heated
by conduction,

Protein Efficiency Testing

Weanling rates (Sprasuc-Dawley strain) were used
as the test animal to determine the PER of each of
the 6 variations prepared. A modification of the
AOAL, PER method was employed in the deter-
minations, The formula fed was supplemented with
vitamins, (195); corn oil, (39); minerals, (495); and
water added to bm"* tlu total moisture to 8%. The
protein content of all wmphs wus adjusted to 10%,
The amino acid anolvsis of ecach variation was
measured by the dMoore and Stein technique using a
Techinicon  Autoanalyzer. Total nitrogen of the
samples was determined by macro-EKjeldahl method,
Tryptophan determinations were made by microbio-
logical assay using Lactebacillus plantarum,

Discussion

As shown in Table I, mix 1, the PER’s for the
air-dried and freeze- dmd s.mnplcs were very similar
(1.92 and 1.99); however, the canned sample had a
greatly decreased PER of 0,81, In mix 2, the air-dricd
sample was lower than the freeze- dried sample, the
latter being hisher than the casein control. As in the
first group, the canned sample showed a lower PER
of 1.30.

These data paralle] the amino acid data shown in
Table 11, In mixes 1 and 2 the content of amino acids
of the two different canned samples 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 fell, to the extent expericnced.
possible interaction of amino
acids and carbohydrates may have occurred.

The lower PER found in both canned samples is of
significance as it is widely accepted that the normal
canning process results in minimal nutritive loss.S
However, Ilalcv; and Guggenheim€ refute such a
view, stating, * ...4 autoclavine wheat gluten with
glucose, 507 of the lysine waos \sl‘oyud and the
amount of lysine released by pancreatin was litewise
reduced by one-hali)”

In this trial, working with corn and soy, it is also
very possitle that the canned samples present the
sama plenonienon of destruction of lysine through
the browning reaction,
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Recent studics by Boctor and Harper? show that
heating cgg white in an autoclove at 121°C for 2
houts 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 from their
work, “When samiples containina different amounts
of plucose were similarly heated for 12 hiours, the
sample with 2% of glucose not only showed the value
for lysine low, but zlso the values for methionine,
histidine and arginine.” These findings agree with our
results. We are confronted with the fact that under
certain conditions amino acids are made unavailable
by heat, pH and carbohydrates precent. The im-

procedure conditions, In the case of the Canneg
samples, the reaction between protein and hygse
lyzed cereal starch possibly involves a condensatis,.
of the carbonyl proup of the hydrolyaste with l,
frec amino groups of the amino acids to produce g
indigestible linkage. This scems a valid reason for
markedly low PER observed. This thisking is rei-.
forced in that the air-dricd samples and the fiegge.
drizd samples, where only mild heat treatment wy
applied, show a PER value close to that of the
control,

In order to confirm the findings of the trail jud
under discussion, a second trin] was conducted, |

this follow-up investivation the original conditions of
canning, i.c., 115.5°C for 130 minutes, were ¢
ploycd (using 202 x 203 cans as before), However, i
this trinl the influcnce of type of caibohydrate,
interaction of free amino acids and level of free
moisture were considered. Four of the five variations
were desizned to encomage the Mailterd reaction 3
influenced by cither susrose or corpstarch, Osne of
the four proups.awas fuither modificd by the addition
of 10% of dextiin. The unheated control Broun
received the same amino acid misture as the others,
Natural protein used in all cases wos vitamin-free

portant point is that in this study these changes have
been produced under notmal commercial canning

TALLE ]
PER of Mixture 1 and mivture 2
(according to the method of Campbell?),

PER Mixture 11
corm and soy

PER Mixture I

Treatments corn meal and meal pls ANRC cascin, All groups were formulated so as to
amino acids amino acids contain 1070 protein [99% from caein, 150 from free

Raw Mix 124102 220+ 0.4 nnlin_o acids (Gimixed aceerding Eu (h'.j NRe a.mino acid
A ’ ) requirements for the w)]. Fat, fiber, mineral and
Air-dricd 1.921 0.4 1.884 0.4 vitating were suppliad ot the levels recommended Ly
Freeze-dried 1.991 0.4 2954 1.0 the ALO.AC, fur the standard LR test, NMoisture of
Canncd 0.81%0.1 1.30%0.2 all groups except the contrel was approsimately 3507,

Table 3 summatizes dicts, treatiments, and PURs
resulting from a four-weck feeding tiial,

—— - ———

(cascin control, I 1'1* 2.50)

: TABLE 11
ESSENTIAL AMINO ACID CONTENT OF THE MINTURES AND TREATMENTS

Mixture 2
Corn meal & Soy meal

Mixture 1
Corn meal & Amino Acids

A o & Amino Acids
Anino Acid Air-Dried Freeze-Dricd Cannced Air-Diicd Freeze-Dricd Canned
gm amino acid/100 g sample o _
Threonine .295 319 273 .381 .385 .348
Valine 422 456 355 576 520 434
.Mcthioninc .381 404 377 407 417 295
Isoleucine .289 ' 311 275 447 .391 346
Leucine 946 " 1011 943 999 .901 846
Phenylalanine 448 475 423 584 543 465
Lysine 464 452 380 560 498 383
Histidine .261 291 2717 315 .299 256
Arginine .387 . 436 379 676 628 .500
Tryptophan® .033 .034 .027 .069 071 .03+

s

*Microtiological ascay,
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TABLE I
SUMMATIONS OF DIETS AND TREATMENTS
FOR TRIAL No. 2 -

TREAT-

MET #  COMPOSITION MENT PER
rontrol Sucrose, Amino
Acids, Caszin unheated 3.50
2 Sucross, Amino .
Acids, Caszin heated 1.00
3 Carnstarch, Amino
Acids, Casein heated 2.97
4 Cornstarch, Amino
Acids, heated
Cascin unheated 2.97
5 Sucrose, Dextrin,
Anino Acids,
Casein heated 3.39

TABLE 4
SELECTIVE ESSENTIAL AMINO ACIDS OF
CONTROL RATION AND 2 HATION
(gm amino acids/100 g cample)

Control
Amine Acids ration #2 ration
Methionine 0.393 0.393
Lysine 0.633 0.477
Histidine 0.324 0.268
Arginine 0.331 0.211

It should be noted that the processing tempera-
ures employed were calculated on the basis of heat
wenetration (by conduction) to achieve a safe level of
nternal can heat, Temperatures necessary will vary
vith material, but, as used in this instance, are not
musual,

The pigmentation and bitter odor of the brawning
eaction were evident in both #2 and 5 groups
Table 3). Dict #2 was the most obviousty affected
»oth in physical appearance and bialogical value, Diet
£5 was of lizhter color, althouzh daker than Dicts
£3 and 4, but its protein velue was unimpaired, This
wrotein-sparing activity, protective action or even
rrowth-promoting pioperty of dextrin has been noted
oy Harper and Elvejehm3d as well ay mientioned in
NRC publication 990.

The amino acid analyses of the #12 ration shown in
Table 4 revealed, as in the first trinl, a substontially
lowered Iysing lovel (3077) as well as similar decrease
in arginine (3671) and histidine (207%), These findings
are anply verified in the literature,1.3.6

At the end of the four-weck test period, 4 rats of
group #2 were fed for an additional two weeks on
their usunl formula supplemented with 0.5% L-lysin2
and showed imimediale imiprovement in physical
appearance with woekly weight gains averaging 235
grams each, commpared to 7 grams/wesk proviously.
Two other rats of the same group were switched to
the control ration and averaged a gain of 40 grams/
week, Acain this appeors to indicate that lysine, while
the major factor, is not the only amino acid rendered

_unavailzble through carbohydrate action and/or pro-

cessing procedures,

Conclusions .

The results obtained lead us to the following
conclusions:

1. With the increasing use of hish carbohydrate
cereals, cere must be exercised when choosing pro-
cessing techniques to avoid hydrolysis of the starch,
thus keepiun reactive carbonyl groups to a minimum,

2. The addition of sucrose or dextrose to a
product destined for processing under conditions
favoratls to developing the Maillard reaction may
create 2 nudritianal protle if the productis tobea
major source of nutrients for any segment of a
population,

3. Definite work in the field of amino acid
activity and interaction under the varicty of condi-
tions peculiar to foad precessing should be of high
priority. This is of special importance because of the
potentizl use of amino acidt mixtures,
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