I
i -

2l

o~ .

—

xr
U

'Q’}_:f‘c;‘-. %

ORI 3R

H

&y

é
(S

P NI X 439

CURRENT TOPICS IN NSTRITICN

IMPROVING PLANT PROTEINS FOR

HUMAT NEEDS  (1977-1980)

A Scientific Review

C

&

in Anneotated Bibliography

By:

PG ve v S gt b &)
“ [%) [+ G\ QT a

(+) %

WISDOM ANINORSEY PLAHAR

[

PRI

{
|



DPROVING PL/ANT PROTEINS FOR HUMAN NEEDS —

4. REVIEY

Protein malnutriticn continues tc stand out as the most sericus
of the nutritional deficiencies in many of the developing countries
of the world. This situaticn is attributed to the over-dependence
on starchy rcots and cereals feor the nutritional needs of the pecple
in these areas, for socio-eccnomie reasons, Cereals are nct only low
in protein ccntent, but also lack the essential amino acid, lysine,
Most ¢f the common legume grains are also deficient in the sulfur
amino acids, methionine and cystein; making plant proteins in their
various individual foms inadequate tc support nomal growth and deve-
lopment, Since plants are known to contribute approximately 80% of
the world's food proteins, the soluticn tc¢ the protein malnutrition
problen must therefcre rest cn the imprcvement of plant preteins for
human needs.

In this regard, current research cn the subject ccntinwes to
widen in scope ’» embrace all possible areas that eculd lead tc an
imprcvenent in both the quality and quantity cf proteins in plant fcods,
During the past three years, much attenticn has been focused cn methcds
of altering the patbomn «f aminc acids in plant proteins by mixing plant
foods tcgether, geminaticn and/or fermentaticn, and induction of genetic
changes in plants tc inccrporate larger amcunts of limiting aminc acids.
The possibility of introducing unconventienal cereals, legume grains

and leaf rrotein sources in food formulations, was alsc explored,

The findings of various workers have been able tc establish levels
and processing techniques for different cil-seeds and luggumes that
could improve the protein quality in cereals by cc-mplémen‘tation,
without adverse effects on the functicnal and organcleptic properties
for the intended food uses, Ayres et al (1977) investigated the role
of peanut flour as a fortifier in a vardiety of foods, while three
separate . works by Bressani et al (1977, 1978 and 1979) examined the
effects of supplementing corn with whole soybeans on the nutritional,
chanrical and rheological properties o¢f commen maize foods., The use cf
a combinaticn of different oil seeds and legumes in fortifying maize
flour based diets to give maximum complementation of the limiting
amino acids in both cereals and legumes was suggested (EBkpenycng et al,
1977; Green et al, 1977).



The need fcr using ncn-conventional species of legume grains
(Molina et al, 1977), cercals (Inglett, 1977) and plant leaves (Nagy et
al, 1978) for protein has been emphasised. Prcducticn of protein
concentrates and Jor isclates frcm these scurces for use in food

fcrmulations was suggested,

Germinaticn and fermentaticn to impreve the aminc acid pattern
in cereals attracted a great deal of attention during the last three
.-ars, Marked increases in the lysine ccntent, relative nutritive
value and vitamine have been reported for varicus gemminated and
fermented cereals (Finney P, L., 1977; Hamad and Fields, 1979;
Hasim and Fields, 1979; and Vang and Fields, 1978). Pomeranz et al (1977)
alsc reported an improvement in the baking properties ¢f germinated
soy/wheat blends. In addition sprouting was found tc increase digestibility
“#ficient and reduce trypsin inhibitcr activity in scme legumes
(E1 Hag et al, 1978).

Genetic and agronomic practices tc develep grains with improved
protein quantity and quality continue to be investigated as a feasible
means for sclving the preotein malnutriticn problem, The current status
of breeding for preotein quality in ccm was reviewed by Deuts‘cher (1977),
while evidence of high-lysine gene sources in barley derived from

spontanecus and induced mutations was reported by Zggum (1977).
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ke holte mnd Fogtar, NN, 1670,
Preeperties of Cgl powders made from normal, fortified and
pagues2 com., Jeo Food Sci. 43 : 157,

Compositionel, nntritional, organoleptic and storage properties

of Ozl peoudars made froan nomal corn, corm plus lysine and tryptophan,
Sxe2 torm were detemined, Although processing did not affect
*he prohein content of the com, the total available lysine content was
cignificantly mduced. The products were found to be organoleptically

]

s . - 0 . i
gvalle for ab least {weive weeks at 30 C but decreased protein efficienty
‘el

ratio (PER) values jndicated a decline in nutritive value, Fortification

with lysine and other amino acids was recommended,

2o Ayres, J,L. and Davenport, B.L. 1977.

reanut protein: 4 versatile food ingredient,
<o Am, 011 Chems  Soce 54 @ 1094.

Tne wse of peanut flour in a variety of food products as a
seplanciont Zor animal source of protein is evaluated, In addition to
Dlending well with cereal flours to yefld products with excellent flavor,

cwiure and eolinm. rronrrcessed and solvent extracted edible peanut

“ound o Lo capable of providing good moisture and fat

woties in cround meats. In bakery product, the authors recommend
peanat flcur at 204 levels to provide protein supplementation vwithout

w2 zatringLot flavor characteristic of other cilseed flours,

3. Lockamatter, &N, 1977
Gormi-bas=? Tocds used in food aid programs: Stability characteristics
& roview, J, Food Sei., 42 : 142,

3%ebility of corn-based foods for aid programs (prepared

by comoinirg sosbean and other protein supplements with yellow corn

was iavesti_ated as a function of processing, formulation, packaging

and districution under various climatic conditions, Careful control

of cooking ns found to be necessary in inactivating hydrolytic and
oxidative enzymes that could cause deterioration. Overcocking is reported
tc be copabls of reducing storage stability. Other factors include
inadeguste processing of the gem and other protein supplements, absence

of ncoereducing sweetness, and high moisture levels,
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Lo Bressani, R, , Braham, J.,E,, Elias, L.G., Cuevas, R. and
Molina, M,R, 1978. Prctein quglity of a whole comy/whole
soybean mixture processed by simple extrusion cooker,

Je. Food Sci. 43 : 1563,

T2 study was carried out to determine the effects of extrusicn
with a Braldy Extruder, on 70:30 corn: soybean blend. The results
indicated that it is preferable toc use flour with intermediate or
. arse particle size with addition of water up tc 17%%. Application
cf heat prior to extrusicn yields a product of greater specific volume,
- Zh-vater retention and lower trypsin inhibitor activity as well as

improving the protein quality of the product.

B Bressani, R., Elias; G.L., and Brsham, J.E, 1977.
Iprovement of the protein quality of com with scybean protein,
Tn "Nutritional improvememt of food and feed proteins," Friedman
M, (ed.) Advances in experimental medicine and biology (vol.105

Prenun Press, New York,

The need for supplementing corn with its limiting amino acids is
cuphasiszed; and the levels of fortificaticn of lime-treated corn with
whole soybean without affecting the functional and organoleptic proper-
ties for the intended foocd uses, are presented, 15 parts of whole soy
bean or 8 parts soybean derived products to 85-92 parts of com was
found by the authors to have no significant changes in the rheologi.cal

or organoleptic characteristies of tortillas prepared thereof,

34 Bressani, R., Braham, J,E., Elias, L.G. and Rubio, M. 1979
Further studies on the enrichment of lime-treated com with
whole soybeans. J. Focd Sci. 44 : 1707.

The effect of supplementing corn with whole soybeans on the
chemical composition, presence of antiphysiological substances and
protein quality of tortillas was studied, Although addition of whole
soybeans *~' corn increased total protein and fat content, both the protein
efficiency ratioc (PER) and weight data suggest an optimum soybean
level between 8 and 1%, No further improvement in PER was observed
at soybean levels above 12%., Cooking for 30 minutes in the home
process was Tound to effdetively inactivate antiphysiological factors

independent of lime concentration,
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7. Cherry, J.P. and Simmcns, J.G. 1977
Potential for improving conttonseed quality by genetic and
agroncmic practises. In "Nutritional Improvement of food
and feed proteins", Friedman, M, (ed.). Advances in experimental

medicine and biology (vol. 105) Prenun Press, New York.

Extended studies on the evaluation of cottonseed composition
were used to develop a data base on composition of various coktonseed
cultivars., The data suggest that breeding and agronomic practices

could be used to alter cobtonseed composition for human needse.

8+  Deutscher, D, 1977.
The current status of breeding for protein quality in corm,
In "Nutritional improvement of foocd and feed proteins", Friednan,
M. (eds). Advances in experimental medicine and biology (vol.105)
Prenun Press, New York,

The advances so far attained by pzant breeders in their efforts

" to develop maize with improved protein quantity and quality were
reviewed, Utilisation of mutant genes that improve protein quality
Was also examined, The areas of interest that are currently being
investigated include utilisation of the opaque~2 gene; utilisation of
podifiier genes tc alter the phenotypic expression of the opague~2 gene;
utilisation of endosperm double-mutants; and taking advantage of the

naturally occuring variation in maize for protein and lysine levels.

9. Egeum, B.0. 1977.
Protein quality of induced high lysine mutants in barley.
In "Nutritional improvement of food and feed proteins". Friedman, M,
(ed.). Advances in exp. med. bio. (vol. 105) Prenum Press, New York,

The paper reviews research efforts in chemical an® biological
evaluation of some of the high-lysine barley cultivars. Evidence of
high-~lysine gene scurces in barley derived from spontaneous and

induced mutations has been presented by the author,
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10, Ekpenyong, T.E., Fetuga, B.L. and Oyenuga, V.ie 1977
Fortification of maize flour based diets with blends of
Cashevnut meal, ifrican locust bean meal and sesame o0il meald
J. Sci. Food Agrice 28 : 710.

The paper reports a preliminary study on the potentials of
cashevnut meal (4 source found to be superior to soybean meal), sesame
0il meal and African locust bean meal (a source which provides high
amounts of lysine but which on its ovn is incapable of supporting
weight gains in rats). !/hen used in different proportions to fortify
majize flour, some of the blends were found to have higher gro:th
promoting ability, protein efficiency ratio (PER), Net Protein
Utilisation (NPU), Net Protein Retention (NPR) and Biological Walue
(BV) than for some commercially aveilnble baby foods.

11, El-Hag, N., Heard, N.F., and liorse, R.E. 1978,
Influence of sprouting on the digestibility coefficient,
trypsin inhibitor and globulin proteins of red kidney beans.
J. Food Sci.-43 : 187.

The influence of sprouting on the protein digestibility of raw
and cooked kidney beans and on the trypsin inhibitor activity vas
evaluated, Sprouting of the beans resulted in a narked increase in
digestibility coefficient of both raw and cooked beans, reduced
trypsin inhibitor activity by sgpproximately 50%, aind decreased globulin
E protein fraction by about one-~third. The glebulin fraction from bean
sprouts had improved digestibility, compared to the globulins from

intact beans,

12, Finney, P.L. 1977
Potential for the use of germinated wheat and soybeans to enhance
humen nutrition, In "Nutritional improvement of food and feed
proteiny, Friedmen, ii, (ed.) Adv. Expt. led. Bio. (vol. 105)

Prenum Press,New York,

Germination was found by the author to be capable of increasing
many of the nutrients or food functional properties in wheat kernel,
including vitamins, lysine and tryptophen., Levels of vitamins and of

protein efficiency of soybeans uere also enhanced by germination,
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13. Green, J.R., Lavhon, J.T., Cater C.li. and lattil, K.Fe 1977.
Utilisation of whole undefatted glandless cottonseed kernels
and soybeans to protein-fortify corn tortillas,

J. Food Sci. 42 : 790

A procedure for preparing and incegporating tldeds of undefatted
glandless conttonseed kernels and soybeans with corn to improve the
protein content is described. A maximum increase in protein content of
18% was achieved in the fortified com tortillas by the developed
technique without any detectable objectionable factor,

1!‘-. H&mad, A.}-i. azld Fields’ I"I.L- 19n
Evaluation of the protein cuality and available lysine of

germinated and f ermented cereals, J. Food Scie 44 : 456

The effects of two separate procedures - germination and fermentation -
upon the amino acids balance of selected cereals were studied, The
percent relative nutritive value (RNV) for vheat, barley &nd rice increased
significantly after germination. A significant increase in available
lysine was also observed in gemminated wheat, barley, oats and rice,
Natural lactic acid fermentation uas found to have similar effects
in improving the protein quality of cereals. The % RNV and available
lysine content increagsed significantly in femented vheat, barley, rice,
millet and maize. |

15. Hamad, A.li. and Fields, il.L. 1979.
Nutritional and sensory evaluation of pead made from fementeqd
wheat meal and corn chips made from fermented corn mealy
I. Pood Sei. Lk : 15M4.

Significant improvements in the xdlative nutritive value, lysine,
isoleucine and riboflavin contents of both femented i heat meal and
fermented corn meal is reported. Zven though there was a decline in the
% relative nutritive value, lysine and isoleucine in bread and chips
made from fermented wheat meal and fermented com meal respectively,
these properties were significantly higher than in the corresponding
controls (i.e. bread and chips from non-fermented meals), The bread

and chips from the fermented meals were also scored acceptable by
consuner taste panel,
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1 6, Hasin, N,B. and Fields, li.L. 1979
Germination and Relative Nutritive Value of com meal

and Corn chips. J. Food Sci. 44 : 936.

Germination as a means of improving both the amino acid balance
and vitamin content in com is reported., Iildcrobiological assay showed
a significant increase in niacin and riboflavin in com meal made f rom
germinated corn, Similar increase in Relative Nutritive Value (RNV)
was also observed, Processing the germinated com meal into chips decrease
the levels of vitanins and % RNV but these values are still higher than

in control chips made from ungeminated com,

17. Hofsten, B, 1979.
Legume sprouts as a source of protein and other nutrients,
J. Am, 0il Chem, Soc. 56 : 382.

Changes which take place during gemination which are of nutritional
significance are described, Although the amino acid profile does not
change dramatically, the chemical score of the seed is never decreased
during sprout fomation, and it is sometimes increased. Trypsin
inhibitors do not disappear during sprout fomation but at least
some lectins are degraded. In addition, sprouts contain sigmifiicantly
higher levels of vitamins than the dry seed.

18, Hsu, D., Leung, H.K, Finney, P.L. and Norad, li.l., 1980
Effect of germination on nutritive value and baking properties
of dry peas, lentils, and faba beans, J. Food Sci. 45 : 87

The bread baking properties of vheat flour blends fortified with
germinated and un~germinated peas, lentils and feba beans vere compared;
and the effect of germination on the changes in ascorbic acid, riboflavin
and amino acid composition of the legumes vias determined, Ifarked increase
in ascorbic acid was observed during gemination but the authors found
little change in the amino acid contents after 4-day germination period,
Germination also adversely affected the baking properties of peas and
lentils but not faba beans,



19. Inglett, G,E. 1977
Food proteins fron unconventional cereals.
Food Tech, 31 (5) =z 180

®he peper reviews the major cereals of the world which vwere at one
time wild ancestors, and reports their properties, utilisation and
contribution to feeding the world of the future. Self-propagating wild
grasses, teosinte (Zea mexicana) and Tripsacum (ssp. L.) are reported
to have genetic similarities to maize; including similarities between
their seed proteins in proportion and amino acid content. High lysine
maize, barley and sorghum are considered unconventional because they
are not found in common market place., But these high protein varieties
continue to be propaga$ed and evaluated for use in improving their
protein guality for human needs.

20, Johnson, V,A, and Hattem, P.J, 1977
Improvement of wheat protein quality and quantity by breeding,.
In "Nutritional improvement of food -nd feed proteins" Friedman, k.
(ed.) 4dv. Expt. Med, Bio, (vol. 105) Prenum Press, New York,

Progress in improving the quantity and quality of protein in the
grain of wheat was revieved., Genes for high protein have been demonstrated
to effectively increase protein content of :heat in many different
production environments, A high protein hard red winter variety developed
in Nebraska is reported to be the pesult of elevated N()}. reductase
activity, increased Neabsorption by the roots, and more complete
translocation of N to the graine

21, Juneja, P.K., Kavatra, B,L. and Bajaj, S. 1980.
Nutritive value of triticale and the effects of its supplementae
tion to vheat and Bengal Gram (cicer arietinum) flour,
Je Food Sei, 45 : 328 '

The effect of alding bengal gram (cicer arietinum) flour to triticale
and wheat flour mixture, in solving the problem of s®ickiness and enhancing
the protein quality as vell as protein quantity of clapati (unleavened
bread) was investigated. The results showed higher protein efficiency
ratio (PBR) value, plasma protein, and plasma lysine content for a
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40:40:20 blend of vheat flour, triticale flour and bengal gram
flour then other test diets prepared with the flours singly or in other
blend ratios,

22, Labanauskas, C.K., Bingham, F,T. and Cerda, i. 1978,
Free and protein amino acids and nutrient concentrations in
wheat as affected by phosporus nutrition at various salinity levels
plant and Soil 49 : 581,

The effects of phosphorus nutrition under various salinity levels
on the protein, amino acids, and nutrients in mature vheat grains were
studied., The results indicate that increasing levels of phosphorus in
the nutrient solutions tend to decrease the grain yield, nitrogen,
chlorine, glutamic acid, proline, leucine, glycine and serine, The sum
of all protein amino acids in the grains also decreases as concentration
of phosphorus is increased in the nutrient solution. Similar results

vere obtained with increased levels of salinity.

23, liartz, E,T. 1977
Methods for improving cereal protein guality. In "Nutritional
inprovement of food and feed proteins", Friedman, M, (ed.) idv,
Expt. Med., Bio., {vol. 105) Prenum Press, HNew York.

Three methods for improving cereal protein cuality are discussed.
Supplementation with limiting essential amino acids and with protein
concentratas high in those amino acids were mentioned as older methods
while the most recent method ié the replacenent of' the nomal cerezal
grain with its high lysine mutant counterpart, Corn, barley, and

sorghum are nov available in high lysine foms,

2o lolina, MeR,., Bressani, R. and Elias, L.G. 1977.
Non conventional legume grains as protein sources.
Food Tech, 31 (8) : 188,

The need for using nonconventional species of legume grains in
supplementing commonly used cereals in developing countries of the world
to overcome the protein malnutrition problems, is emphasised, Lack of
popularity of a great number of knovwn legumes is attributed to regional
dietetic habits that do not include them as part of the cormon diet.
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The paper therefore advocates for the production of protein coneentrates
and/or isolates from the beans for use in food formulations and also

use of the beans or their flours in the fomulation of conventional
processed food products as a means to increase their utilisation as a

protein source,

25« Nagy, S., Telek, L., Hall N,T. and Berry, R.E. 1978
Potential food uses for protein from tropical and subtropical
plant leaves, J. igric. Food Chems 26 : 1016,

The potential usefulness of tropical and subtropical leaves as
a source of supplemental protein is discussed. The protein contents
of 60 leaves and potentiszl protein values of grasses and aquatic
plants are compared., In addition, the preparation, composition, nutritional
value, and flavor acceptability of several leaf protein fractions are
discussed. From their findings, the authors concluded that leaf proteins
are abundant protein source that could be seriously considered for use
in developing countries to prevent massive starvation, It is further
suggested that more research should be directed tovard improving

leaf protein concentrates for human consunption.

26, Platt, 5.G. and Bassham, J.A. 1977
Photosynthesis and increased production of protein, In
"Nutritional improvement of food and feed proteins" Friedman, M
‘ed,) adv., Expt. Ned. Bio. (vol. 105) Prenum Press, New York,

The authors investigated the effect of co,, concentration on

alfalfa photosynthetic metabolism, and the action of ammonia in the
regulation of leaf carbon metabolism, Their results support the
contention that alfalfa productivity can be increased by an envircnment
of elevated 002. Also, ammonia was found to be capable of increasing

the production of amino acids at the expense of sucrose production,
Increased plant productivity can therefore be achieved through regulation
of carbon flow during photosynthesis so as to increase protein

production relative to that of other plant constituents.
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27. Pomeranz, Y., Shogren, ii.D, and Finney, K.F., 1977
Flour from germinate soybeans in high protein bread.
J. Food Sci., 42 : 82,

Germination of soybeans used in the fortification of vheat flour
for high~protein bread was proposed as a means of overcoming the adverse
effects of high level soy fortification on bread quality. Bread baked
from 90g wheat flour and 10g germinated soy product in the presence
of 0,50g sodium stearoyl lactylate or 0.55g sucrose palmitate with
3g vegetable shortening was found to be consumer acceptable with regard

to loaf volume, crumb color, freshness retention, taste and flavor,

28, Pyadchikov, V.G. 1978
Inmprovement of cereal proteins and their evaluation.
Uluchshenie zernovykh belkor i ikh otsenka (Book) Moscow, USSR

A vorld-wide range collection of mutants vas s tudied with the
aim of cultivating new varieties and hybrids vith improved quality and
protein contents, Topics covered in the book include the protein problem
and ways of dealing with it; cereal proteins; nutritional value of
proteins and methods of biological evaluation; maize, barley; wheat;
and triticale,

29« Sawar, G, Sosulski, F,", and Bell, J.M. 1977.
Nutritional evaluation of oilseeds and legumes as protein supplements
to cereals, In "Nutritional improvement of food and feed
proteins" Friedman, M. (ed. 4dv. Expte. Med. Bio. (vol. 105)

The authors present an evaluation of the nuiritive value of
oilseeds (repressed, mustard, sunflower, safflover, flax) and legumes
(field pea, field bean, lentil, bread bean, fababean) as protein
supplements to cereals (wheat and rice), Results of rat trials revealed
that the adjusted protein efficiency ratio, PER, for rapeseed meal vas
higher than those of fababean, field pea and soybean meal, Supplementa=
tion with methionine (0,27) resulted in improved PER for fababean,
fieldpea, and soybean meal. Blending of legumes and oilseeds with vheat
flour (PER=28) gave high PER value (60 - 85),
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30. "ang, D.Y. and Fields, li.L., 1978,
Germination of corn and sorghum in the home to improve nutritive
Value, J. Food Sci. 43 :1113,

The conditions of time and temperature of germination necessary
to produce the highest relative nutritive value (RNV) in corn and
sorghum were presented, Gemminated seeds of both cereals increased in
% relative nutritive value and levels of lysine, methionine, and
tryptophan vhen compared to nongeminated seeds. The highest RNV
for com occured after 4 days at 25°C, 2 days at 3060 and 3 days
at 350(;. For sorghum, highest RNV was attained when the seeds vere

geminated for 5 days at 25°C, 6 days at 3000 and 3 days at 35°¢C.
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