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The primary function ofdietary proteins 
is to provide amino acids in appropriate 
patterns for the synthesis of tissue prote
ins during growth, for the maintenance of 
established cellular nitrogenous constitu
ents and for other metabolic needs. The 
nutritive value of a protein depends on its 
amino acid make-up. The pioneering 
investigations of Wilcock and Hopkins I 
Osborne and Mendel2 and Rose and his 
collaborators' have established the essen
tial nature of several amino acids. Rose 
and his co-workers' have shown that out 
of' the 22 amino acids commonly occurring 
in food proteins, 10 are essential for the 
growth of albino rats in the sense that 
they must be provided by the dietary pro
tein. The remaining 12 amino acids can be 
synthesised in the body and hence are 
called non-essential amino acids. Since 
non-essential amino acids can spare essen
tial amino acids. they must also be pre
sent in the diet in adequate amounts'. The 
c185Sification of the amino acids from the 
nutritional standpoint is given in Table I. 

Amino acid balance and imbalance: The 
complete absence of anyone essential 
amino acid in a dietary protein produces 
negative nitrogen balance and does not 
promote-growth, while partial deficit of 
anyone' essential amino acid lowers the 
grow~promoting "alue of the protein.s
The ority of plant proteins is partially 
deficie in one or more amino acids. ,•• 
The pr rtions of other essential amino 
acids pr nt in the proteins have also 
been found to affect the utilisation of the 
limiting amino acids. This is known as 
amino acid imbalance.' The results of 
amino acid imbalance studies indicate that 
,VCl/J a sroaJl increase ip tile concentration 

HistidIne Argininet: . 
Lysine Tyrosinet
Tryptophan Cystinef
Phenylalanine Glycine. 
Metbionine Serine· 
Threonlne 
Leucine 
Isoleucine 
Valine 

Glutamic acid 
Aspartic acid
Alanine 
ProliQe. 
Hydroxyproline 

• Arginine and glycine are easeotial for cblcb 
and turkeys, ·Serine will spare or replace 
glycine. : 

t Tyrosine wiU spare but not completely
replace phenylalanine. Cystine will spare 
but uct completely replace metbionine. 

of certain amino acids sometimes increases 
the amounts of others needed to maintain 
a given rate of growth when the total 
protein intake is low.• When a mixture of 
amino acids lacking in one essential amino 
acid is added to a diet, especially a low
protein diet, the total amino acid (protein) 
content of the diet is increased and more 
of the limiting acidi(expressed as % of the 
diet) is required to prevent a depression 
in growth rate. -The abs.olute amount of 
limiting amino acid required to overcome 
the depression may also be increased.s.9 In 
experiments on protein mixtures prepared 
from a mixture of casein and gelatin in 
different proportions and hilving a wide 
range of •chemical scores' (an index of 
amino acid deficiency) the rat tolerated a 
protein mixture with 'chemical score' of 
'0 without any apparent ill effects. If the 
'chemical score' fell below SO, food intake 
and growth were depressed. Fnrther work 
is pe~d,d'o/J this aspe~ ae the t!epressin, 
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cft'ect on growth will depend on the degree 
of amino acid imbalance in the' mixture. 

f-

Th« nutritive value offood proteins: The 
nutritive value of the proteins of common 
foods and protein supplements has been 
determined by a large number of workers. 
The resulls have been summarised by Block 
and Mitchell.' Kuppuswamy et 01' and 
Patwardhan." Some of the available data 
are given in Table II. 
Cereals: Cereals contribute more than 50 
percent of proteins in the diets of low-in
come groups' in almost all developing 
countries and hence fOTID the most impor
tant source of dietary protein. II·" They 
contain moderate amounts of protein vary
ing from 6-14%, depending on the cereal. 
The, Iimiting amino acids in most cereal 
proteins are lysine and threonine. Maize 
and sorghum proteins have also amino acid 
imbalance, '.7 The protein efficiencyratios 
of the cereals and millets range widely 
from 0.5 to 2.4 depending on the grain 
and are given in Table II. 
. Legumes; Legumes are good sources of 

~ protein containing about 18-25%. About 
I 15-30%of the total proteins in average diets 

consumed by the low-income groups in r developing countries may be derived from 
legumes depending on the region." 
Legume proteins are good sources ofI lysine and threonine but are limiting in 
sulphur amino acids and tryptophan.' 
Optimal heat processing has been shown 
to bring about an increase in the nutritive 
value of legumes by inactivating trypsin
and growth inhibitors present in them." 
The protein efficiency ratios of optimally 
heat processed legumes may range from 
1.0 to 2.2 depending on the legume and 
are given in Table II. 

Nuts 'and otiseeds: Nuts and oilseeds 
are, in general, good sources of protelnss, 
Oilseed meals form important potential 
sources of proteins for \Overcoming pro
tein malnutrition in developing countries.! 
The most important of these are meals ob
tained fromsoyabean, groundnut, cotton' 
seed, sesame,coconut and sunftower seeds. 
The protein efficiency ratios of nuts and 
oilseeds range from 1.5 to 2.5 depending 
on the material and are given in Table n. 

Roots 'and tubers: Among the roots and 
tubers potato is a fair source of proteins 

when considered on moisture-free basis.
 
The protein efficiency ratios of potato
 
proteins vary widely and are given in
 

. Table n. . 
Egg and milk: The proteins of egg 

possess the highest nutritive value among 
. dietary proteins," Milk proteins possess 
high nutritive value though lower than 
that of egg proteins. The protein efficiency 
ratios of egg and milk proteins are given
in TableU. 

Meat andfish :The proteins of meal and 
fish possess high nutritive value comparable 
to those of milk proteins." Data regarding 
the' protein efficiency 'ratios of meat and 
fish proteins are given in Table n. . 
. Food yeast: Food yeast proteins are rich 

sources of lysine 'and threonine but are 
deficient in sulphur amino acids.' Data 
regarding the protein efficiency ratio of 
food yeast proteins are given in Table II, 

Supplementa,y relations between cereal
 
proteins and other dietary proteins ~ Data
 
available on the supplementary relations
 
between cereal proteins and other dietary
 
proteins ate brielly summarised below. .' .
 

Legumes: Sincellegumeprotelns are rich
 
in lysine and threonine they supplement to
 
a marked extent those of cereal proteins,
 
which are in general limiting in these
 
amino acids," Cereal-legume mixtures con

tain proteins of superior nutritive value as
 
compared with that of cereal or legume

proteins."oI8 The proteins of legumes
 
such as Bengal gram '(Chick pea), black
 
gram, green gram and red gram (Pigeon
 
pea) supplement the proteins of wheat,
 
sorghum and pearl millet to a marked
 
extent.]'
 

Oilseed meals : 
Soyabean meal: Being a rich source (jf
 

Iyslne and threonine, soyabean proteins'
 
supplement to a marked extent those
 
of wheat20•2l, yellow maize" and rye." .
 

Groundnut meal: Groundnutvproteins
 
supplement to a significant extent those
 
of wheat proteins.! thoughInferior in this
 
respect to the proteins ofsoyabean and
 
milk. Groundnut proteins have also been

reported to supplement' to a' sigrtfficant
 
extent the proteins of oats", corn21 and
 
rice.24 J 

tottonseed meal: Cottonseed proteillS 
/lave been reported to supplement to·, ..... 

, J .
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Table II The protein ,ffielencyrat/o.l0/ ,om, co~nload prote/ru 
, , 

Foodstuff Botanical Name 
c 

.i 
~'" o~ 

l';~ 
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e 
'" 
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~6_ 
.!l.!! ~ 
-~.... '" 
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PER 

.. 
~ 

i~.. 
III 

I II III IV V VI 

Cereal, and mOld, 
Rice: husked 
Rice, milled 

,Whtat.whole" 

Wheat, Whole, hard aprin, f 

i Wheat ge::n " .. 
Buckwheat. whole groats 

Kaffi~ corn U 

Kaffircorn 
~allir corn 
Oats, rolled 
Oats, rolled 
Pearl millet 
Pearl millet 
Pearl millet 
Rlli 
Barley, pearled 
Barley, meal 
Rye. Whole
Rye, whole
Rye, whole 
UaUanmillet 
Little millet 
CorD. whole. white 

'Com, Whole, yellow ... Com, whole, yellow 
Corn, Whole, yellow 
ugum,s 
Benga1aram. cooked
"Black Iram, autoclaved 
Green gram. cooked 
Horse ITBm, autoclaved 
Red gram, cooked 
Lalhyrus pea, autoclaved 
Kidney bean, COOked 
-lJma bean, autocJaved 
MDtH, cooke.d 
Pea, cooked 
"ftI.; raw (Alaska) 
'Root. tJIItl t"• 
.' Oreat Scot I potato, cooked 
• Great SCot ' potato Dour 
• Up-to-date • potato, cooked 

'f Preeident' potato, cooked 
~ Up-to-date' potato flour 
NMt. tJIItl ol/se.a. . 
Groundnut meal (Expeller

pressed) 
Cottonseed meal (Expeller 

: pressed) 
_Cottonseed meal, cooked ' -

...
 

Oryza saliva 
Oryza ,ativa
Oryza sativa
TritiCMm vulgtue 
Triticum vulgare
Triticum vulgare
Trltlcum-Wllgare
Triticum vulgar~ 
Fagopyrum esculentum 
Fa60Pyrvm ,sculentum
Sorghum Wllgare
Sorghum vulgare
Sorghum fulgare 
Anna stf1rll& 
Avenasterilil 
Penn;setum typlwid,um 
P,nni.~etum, typlwidium 
PenniSltum typlwldeum
EI,ucine coraeana: 
Hordeum vulgare
Hordeum vulgar, 
S«aJe cereale 
Seea/' cereale 
Secale cereale 
Setaria ttattca 
Pamcum millar' 
ZeamaYI 
ZeamaYI 
Zea mayl
Zea ",ayl 

ctcer ari"inum 
Phoseolu~ mungo
Planeolus aurelU 
Dolich08 bijItNlU 
Ca/amu coian 
LDthyrU3 satlvul 
PhaseolUl vulgar!1
PhalloluJ lunatus
unlcullnar;1 
PI8um ,"'iWlm 
Plsumsattvum 

\0 
5 
6 
5 
9 
5 

10 
10 
8 

13 
5 
8 

10 
5 

10 
5 

10 
10 
5 
5 
9 
5 
8 

10 
10 
10 
9 
5 
7 
8 

10 
12 
10 
12 
10 
12 
10 
10 
10 
10 
10 

8.5 
8.5 
6.5 
6.5 
6.5 

10 

9 
10 

28 
70 
70 
70 
70 
42 
42 
42 
30 
30 
28 
56 
28 
42 
42 
28 
66 
28 
Il8 
42 
30 
42 
42 
42 
28 
28 
63 
70 
70 
42 

10 
40 
:l8 
irI 
Il8 
21 
ilO 
56 
30 
56 
42 

56 
56 
56 
66 
56 

28 

42 
42 

2.0 19 
1.9 55 
1.8 56 
0.9 57 
I.1 57 
1.7 58 
1.6 58 
2.5 59 
2.5 60 
2.1 60 
0.9 61 
1.2 31 
2.0 19 
2.2 58 
2.5 58 
1.3 61 
1.4 62 
1.8 19 
1.0 61 
1.6 58 
2.0 50 
2.3 58 
2.2 58 
1.8 58 
0.8 79. 
I.1 79 
1.3 53 
0.5 57 
0.9 57 
1.2 64 

1.8 65 
1.6 66 
1.5 19 
1.7 66 
1.7 19 
0.4 67 
1.5 15 
1.2 68 
1.2 \5 
1.0 69 
1.3 18 

1.2 70 
1.3 70 
1.0 70 
2.0 70 
1.0 70 

;: 

1.7 41 

2.1 22 
3.0 '7.1. 

1 
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I I ' II III .. I IV V VI 
goyabean, raw 
Soyabean. beat processed 
Sesame flour 

10 
10 
10 

28 
38 
28 

0.5 
2.4 
1.7 

73 
72 
41 

Sunflower meal 
safftower seed cake 

10 
10 

.sa; 2.656 ••_~ 
41 
73 

Coconut meal 10 38 2. 42 
Ell' and","k 
ESa. hen 10 as 4.7 74 
M.ilk, cow 
Milk. bulfalo 
M.ilk, soat 

10 
10 
10 

28 
28 
28 

3.3 
3.+ 
2.9 

74 
75
75 . 

M.at andjUh 
Beef 
P'ifJk
C Iclten 
Fish ftour (from 011 sardine)
Yaarl"lid ~hlorall(l 

10 
10 
8 

10 

3() 
'30 
42 
38 

3.2 
3.4 
3.6 
2.9 

76 
76 
77 
51 • 

Food yeast 
ChloreUa 

Torula.tilll 8 
10 

56 
28 

1.8 
2.2 

31 
78 

significant extent those of wheat'" and 
corn." 

Sesame meal; 1affe""" conducted a 
series of rat feeding trials for the biologl
l:81 evaluation of sesame meal alone and in 
various combinations with corn meal and 
groundnut meal. On the basis ofencourag
ing results of tbe rat feeding tests, arepas 
(Iotal COrn breads) were prepared with. 
varying amounts of toasted sesame seed. 

Coconut meal: The proteins of coconut 
have been found to supplement to a mar
ked extent those of rice's and maize." 

Leaf proteins : Phansalkar et al" have 
reponed that amaranth leaf proteins 
supplement those of cereal and legume 
proteins. Lucerne proteins supplement tbe 
proteins of rice'" and of Whole yellow
corn.,"b 

Food yeast: The proteins of food yeast 
supplement to a significant extent those of 
wheat,'. com,so oats,'. sorghum" and 
ragi.Sl ' 

Milk: Milk proteins supplement to a 
highly significant extent those of rice," 
corn,'s wheatS' and ragi." 

Meal: Meat proteins have been found 
to supplement cereal proteins to a highly 
signifil:8nt"extent.Sl-57 

Fi.h: Fish proteins even when incorpo
rated at a low level supplement to a 
marked extent those of different cere
als.38139 

Supplementary relatton: between certain 
Oilseed meal« DIld ",_s ; The proteins of 

sesame and sunflower seeds are rich in
 
methionine and tryptophan while those 6f
 
legumes are partially deficient in these
 
amino acids. Sesame protelns supplement
 
to a marked extent those of soya bean.40
 

groundnuts! and Bengal gram." The prote

ins of sunflower seeds supplemeot to a
 
significant extent Ihose ofgroundnut" and
 
Bengal gram.·1 Coconut proteins have been
 
found to supplement to a Significant ex

tent those ofBengal gram" and groundn"t
 
proteins.'·
 

Supplementary value ofprotein' rich foodJ 
to deficient diets based on cereals, roots and 
tubers: A large amounl of work has been 
carried out during recent years on the 
supplementary value of protein-rtch foods 
and processed protein foods based on 
blends of protein-rich foods to poor 
quality diets based on different cereals, 
roots and tubers."·" Data regarding the 
amino acid composition and protein effi
ciency ratio are given in Table IV and the 
supplementary value of the protein blends 
to poor diets based on different cereals in 
Table V. A briehummary of the available 
data is given below. ,,~ 

Groundnut flour and protein foods based
 
on groundnul flour: The supplementary
 
value of low-fat groundnut flour fortified
 
with calcium salts and vitamins A and 0
 
and 4 : I blend of fortified groundnut Dour
 
and skim milk powder to deficient diets
 
based on rice or 1 : 2 blend of DIIIize and
 

. tapioca flours has been studied by Tau 

\ 
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Tablelli. Suppl_",..t.y ",Iatlo... I»t_. diff.,.'" dillary prot_I.. 

Basic protein source 
Supplementary

protein 
source 

QuantiZ of total 
protein in let provided

by supplementary 
food (%) 

Protein 
content 
in diet 

(%) 

PER 
Rofo
renee 
No.., 

I II 111 IV V VI 

C.",aJ. andmilk,. 
Barley Poa 50 10 1.98 18 
Italian millel Cereal alone 10 080 19 
lIaUan millet Bengal Bram and amara.. 

nih leaf 40 10 3.30 19 
Kaflir com Cerealalono 10 1.61 19 
Kaffir com 
Kaflircom 

BeDsaisram 
Black sram 

30 
30 

10 
10 

1.89 
1.95 

19 
19 ,, Kaflircom 

Kaffir corn 
Greensram . 
Red gram 

30 
30 

10 
10 

1.80 
1.84 

19 
19 

Kaffir corn Amaranth leaf 10 10 1.10 19 
Kaflir com Bengal8ram and

~ Kaffir com 
amaranth leaf 

Black sram and 
amaranth Joaf 

40 

40 

10 

10 

1.89 

I.?? 

19 

19 
Kaffit com Green sram and 

amaranth leaf 40 10 1.13 19 
~ Kamr corn Red Bum and 

amaranth leaf 40 10 1.85 19 
Lillie millet Cereal alone 10 1.10 79 
Littlc millct Bensalgram end 

amaranth leaf 40 10 1.80 79 
MaizemeaJ. wbite Cerealalone 6 0.33 38 
MaizlII! meal, white Fish ftOUf 10 6.1 1.31 38 

" Maize meat, white Food yeast 16 8 1.15 21 
1, Maize meal, wbite Soya Dour 16 8 1.65 21 
-~ 
-t; 
~-

,Maize meal, white 
Maize moal, White 
Maize meal. white 

Skim milk solids 
Grotmdnut meal 
Soyabean meal 

16 
16 
33 

8 
8 
9 

1.64 
1.21 
1.75 

21 
31 
25' 

Maize meal, wbite Groundnut meal 33 9 1.45 25 
'I:\; , 

Maize meal. while 
Maize meal. white 

Cottonseed meal 
Pea 

33 
so 

9 
10 

1.23 
1.18 

25 
18 

.:;" 
:; 

Pearl millet 
Pearl millel 
Pearl millet 

Cereal alone 
Bensalsram 
Black,ram 

30 
30 

10 
10 
10 

1.60 
3.16 
3.10 

19 
19 
19 

Pearl millet . Green gram 30 10 2.09 19 
Pearl millet Red gram lID 10 3.05 ,19 
Pearl millet Amaranth leaf 10 10 1.78 19 
Pearl millet Be:lgaI gram and 

amaranth leaf 40 10 3.aa 19 
'e!Orl millel Black sram and 

amaranth leaf 40 10 3.04 19 
Pearl millel Green grarri 'and 

amaranth leaf 40 10 3.80 19 
Pearl millel Red gram aDd 

amllranth lcef 40 ' 10 U8 19 
Poarl millet CocoOUI cake 40 10 1.50 19 
Pearl millel 

Rasl 

Coconut cakeand 
redgram

Cereal alOfte 
40 10 

10 
2.110 
3.00 

19 
19 

Rasl 

Rico 
Rice 
Rice 

Bensal gram and 
amaranth leaf 

Ccreal eteee 
Food yeasr 
Cereal alone 

40 

35 

10 
5 
5 

10 

2.10 
1.82 
1.49 
3.09 

19 
31 
31 
19 

Rice Red sram 80 10 3.G9 19 

Ii- Rice AlDaranlb loaf 1G 10 3.13 ,.19 
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Rico 

Rice 
Rice 
Rye !Iour 
Rye ftour 
~e Bour 

heat Bour, white 
Wheat Bour. white 
Wheat Bour. white 
Wheat flout. white 
Wheat flour, white 
Wheat Bour, white 
Wbeat, whole 
Wheat, whole 
Wheat. whole 
Wheat, whole 
Wheat, whole 
Wheat. whole 
Wbeat, wbole 
Wheat. whole 
Wheat. whole 
Wbeat, wbole 

Wheat. whole 

Wheat,· whole 

Wheat. whole 

1.0_ aN1 oilleeds 
Bengal gram
Bengal gram 
Coconut meal 
Bensalsram 
Bengal gram 
Bengal gram 
Sesame meal 
Sunflower meal 
Gecueduut meal 
Oroundnot meal 
Orouodont rueal 
Oroundnut meal 
Oroundnut meal 
Orouodnut meal 

Soyabean 
Soya bean 
Soyabean milk 
SoyabeaD milt 

Red·gram and amaranth 
lear 

Cereel-aleee 
Fish Bour 
Cereal alone 
Fish Bour 
Soya bean Bour 
Cereal alone 
Fish flour 
Soyabean meal 
Skim milt solids 
Groundnut meal 
Cottonseed.meal 
P.a 
Cereal alone 
Food yeast 
Cereal alone 
Bengal gram 
Black gram 
Green gram 
Redtgram 
Amaranth leaf 
Bengal gram and amara

nth~leaf 
Black gram and amara

nth lear 
Green gram and 

amaranth leaf 
Red f gram and amaranth 

leaf 

Coconut meal 

gesamemeal 
Sunflower meal 

Coconut meal 

Sesame meat 
SunBower meal 
Sesame and Bengal gram 

Boors 

Sesame 

Sesame 

40 

15 

6 
62 

8 
35 
28 
34 
32 
50 

25 

30 
30 
20 
30 . 
30 

40 

40 

40 

40· 

50 

50 
50 

50 

50 
50 

50 

S6 

33 

10 
5 

5.9 
6 

6.4 
8 
8 

8.7 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

10 

10 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

-

_. 

2.18 
1.M 
2.50 
1.29 
2.17 
2.43 
0.71 
1.12 
2.16 
1.86 
1.32 
1.29 
1.80 
1.30 
1.80 
1.77 
2.18 
2.16
2.22 
2.19 
1.63 

2.19 

2.27 

2.23 

2.25 

1.59 
.2,34
1.98. 
1.51 
2.15 
2.lI+ 
1.73 
2.57 
1.81 
2.»8. 
1.65 
1.99 
2.l4 

2.oa 
1.7S 
2.17 
2,u 
2.70 

19 
38 
38 
39 
39 
20 
38 
38 
22 
22 
22 
22 
18 
31 
31 
19 
19 
19 
19 
19 
19 

19 

19 

19 

19 

42 
42 
42 
41 
41 

. ·41 
41 
41 

-·42 
42· 

--41 
41 

. 41 

41 
40 
40 

·80' 
80 

.. 

t, 

•4
~: 

" . 

- , 

\ ' 

r 
-. , 
i 
;~ 

" 

et al.+3·44 Even thpugh the protein efficiency 
ratios of. groundnut flour and 4: I blend 
of groundnut flour and skim milk powder 
were lower than that of skim milk powder 
(Table IV), the two protein foods when 
incorporated to provide about 5-10% 
extra protein in the diets, made up the 
protein deficiency in the diets' and pro
moted goo.d growth in albino rats. Indian 
multipurpose food (based on 3 : I blend of 

low-fat grQundnut flour and Bengal gram 
flour and fortified with calcium salts and 
essential vitamins) when incorporated at 
12'5% levelso as to provide 4.0-4.$g of 
extra protein in the diet,supplemented to a 
highly aigniflcant extent poor Indian diets 
based on rice wheat, ragi and sorghum
comparing well with American multipur
pose Ibod baaed on soyabean meal.O$ 
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Table IV. &,."r/ala_ acideolffpalilian and pt'Q1I/n .jfklo".y ralla af_ prOl./n-r/ch ftJtHbo , 
Amino acids iProtein-ricb fooda 

(g/16gN) A D C D B F 0 H 

Arginine 11.1 10.2 10.2 9.8' 8.9 5.6 8.6 3.7 
Histidine 2.1 2.1 2.5 2.1 2.4 2.8 2.7 2.7 
Lysine 3.6 4.4 4.0 4.1 4.9 9.6 6.1 7.9 
Leucine 6.9 7.5 6.3 6.5 6.9 7.2 6.8 6.5 
Isoleucine 4.6 5.2 4.4 4.5 4.7 5.2 4.9 10.0 
Metbionine 1.0 1.4 1.1 1.3 1.1 2.8 1.7 2.5 
Cystine 1.6 1.5 1.2 1.6 1.6 1.5 1.5 0.9 
Phenylalanine 5.1 5.2 5.1 4.9 5.0 3.8 4.6 4.9 
Tyrosine 3.6 3.6 3.6 3.0 3.4 2.9 3.4 5.2 
Threonine 2.7 3.1 2.~ 2.9 3.3 5.8 3.9 4.7 
Tryptophao 1.0 1.1 0.9 1.0 1.2 1.1 1.1 1.4
 
Valine 4.4 ' 4.8 4.~ 5.0 5.1 5.4 5.3 7.0
 
PBR 1.50 2.36 1.79 1.87 1.99 2.92 2.56 3.04
 
Reference No. (51) (54) (51) (45) (49) (51) (51) (51) 

o CA) Orouodout flour (D) Protein food based 00 4:1 blend of groundnut flour and skim milk pOwder 
(C) Indian multipurpose food -(3:1 blend of greundnut :Dour and Bengal gram flour) (D) Protein 
rood based on 2: 1:1 blend of groundnut and Bengal gram flours and coconut meal (E) Protein food 
based on ]:1 blond of groundout and soya flours (F) Fish Oour (from oil sardine) (0) Protein 
food based on 2:1:1 blend of groundnut flour, Bengal gram Oour and fish flour (H)"Sktm milk 
powder . 

Protein food based on groundnut mid of the protein food (based on 2:1:1 blend 
Bengal gram flours and coconut meal: A of groundnut flour. Bengal gram flour and 
protein food basel! on 2: I : I blend of fish flour) was 2·6 as compared with a 
groundnut and Bengal gram flours and value of 2,9 obtained.for fish flour from ,.coconut meal possessed a protein efficiency oil sardine." When incorporated at 10% 
ratio of 1'9 at 10% level." When incorpo extra protein level in a [ow-protein maize
rated to provide -about 5% extra protein tapioca diet, the protein food was as 
to poor diets based on different cereals effective as fish flour in making up the 
and 7·5·15~ extra protein to tapioca protein deficiency in the diet and in pro
rice or tapioca maize diets. the protein moting good growth of rats." Fish flour 
food made up the protein deficiency in the when incorporated to provide 2'5% extra 
diet and promoted good growth of ratS'M•• protein in poor Indian diets based on 

Protein food based on 1 : 1 blend 0/ different cereals made up the deficiencies 
groundnut and soya fiours : The protein in the diet and promoted excellent growth 
efficiency ratios of protein foods based on comparing well with an equivalent amount 
\ : \ blend of groundnut flour and soya of skim milk powder." 
flour and fortified with methionine and 

Condusionlysine have been 'reported to be as . 
follows49 : protein food, 2'0; protein food II is evident (rom the foregoing account 
+methionine. 2'5; and protein food + that by a judicious combination of oilseed 
methionine-Hysine, 2·8. When incorpo meals and legumes. it is possible to pre
rated to provide 10% extra protein' in a pare protein blends having high protein 
low-protein tapioca-maize diet, the prote efficiency ratio. Incorporation offish flour 
in foods were nearly as effective as skim will bring about a further improvement in 
milk powder in making up the protein the nutritive value of the proteins in the 
deficiency in the diet and in promoting blend. Several protein foods having low 
good growth in albino rats.'o protein efficiency ratios (ranging from \'5 

Fish flour and protein food basedon 2:1:1 to 2'0) have been found to supplement to 
blend of groundnutflour, Bengal gram flour a highly significant extent poor diets based 
andfis/ljlour: The protein efficiency ratio on different cereals when incorporated tp 
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Table V: SIIppkmMtary "'W 0/protebwkiJ/ootb 10 pHi fIIIII//ly df$ bQI6d 011 rIIff- ••,.ab.
 
root. tIIld"'''''rs o./Udlod by tM growth0/ rat>
 lJ 

~ "'~ 

Protein Duration of GaiD In body I
 
Protein lupplemeat and_diet cootent of experiment weight Reference 

diet (%) (weeks) (s!week) I No. 

I
 

FortlMd rrOlllU!nut /Tnur and 4:1 bl.nd of 
"..,.nd""t flour and 'kllll milk powder 

Rice diet 
Rice-diet + fortified -.roundnu( ilour 
Ricediet + 4:1 bleed of groundnnt flDur 
and~skim mille powder 

Rice diet + skim milk powder 
Maize-tapioca diet 
Maize-tapioca diet ' + ~fortified .round

out flour 
Maize-tapiDca diet + 4:ICbleDd Df 

grouadnut flour and "skim milk powder 
Maize.~ioca diet +~kim milk powder 
I.dlem llpurpo$l food 
Rice diet
 
Rice diet + Indian MPF
 
Rice diet ...:American MPP
 
Wbeat diet
 
Wheat diet + Indian MPP
 
Wheat diet + American MPP
 
SOrgbum diet
 
SorShum diet + Indian MPP
 
Sorabum diet + American MPP
 
Raai diet
 
Ragj diet + Indian MPF
 
RSli diet + American MPF
 
Protein food containing c0c01Ul1 mlill 
Rice diet
 
Rice diet + protein food
 
Wheat diet 
Wheat diet + protein food 
Sorghum diet 
Sorghum diet + protein food 
Ragi diet 
Ragi diet + protein food 
Maize diet 
Maize diet + Jjrotein:food 
R.ice-tapioca iet 
Rice-tapioca diet + proteiatfood
Maize.tapioca diet 
Maize-tapioca diet + protein~food 
Prot.ln food based on 1:1 bl,ird 0/ soya 

flour and llroundnulf/Dlir ' 
Rice I diet 
Rice diet + protein food 
Rice diet + proteinJoodJortified with

methionine 
Ri~diet + protein.food fortified with

methionine and lysine . 
Rice diet + skim milk powder 
Maize-tapioca diet 
Maize-tapioc:(diet + protei~food 
Maize-tapioca diet~+ protein-food forti

fied with methionine . 
Maize-tapioca diet + protein' food forti

fi~d wJtJ:(methioninc andilyaine 
"'a"'~taplDca 'die, + skim milk powder 

II
 

8;0· 
18.7 

18.7 
13.7 

5.1 

19.4 

19.4 
19.4 

8.1 
12.2 
12.4 
11.4 
15.2 
15.3 
7.4 

11.6 
11.7 
6.5 

10.5 
10.7 

80
 
12.7
 
\1.3
 
16.2
 

7.6 
12.4 

6.6 
11.5 
8.5 

13.5 
5.8 

12.9 
5.1 

19.6 

It.2 
12.5 

12.7 

t3.6 
12.5 
' 4.6 
14.3 

14.8 

14.7 
14·1 

III
 

8
 
8
 

8
 
8
 
8
 

8
 

8
 
8
 

8
 
8
 

'8
 
8
 
8
 
8
 
8
 

'8
 
8
 
8
 
8
 
8
 

8
 
8
 
8
 
8
 
4
 
4
 
4
 
4
 
8
 
8
 
8
 
8
 
8
 
8
 

4
 
4
 

4
 

4
 
4
 
8
 
8
 

8
 

8
 
~ 

IV V
 

6.9 013 
14.5 43
 

15.9 43
 
17.5 43
 
0.6 44
 

17.5 44
 

18.6 44
 
19.1 44
 

5.0 45
 
14.6 45
 
16.1 45
 
7.8 45
 

12.5 45 I
 
13.6 45 I
8.4 45
 
14.0 45
 '114.4 45
 
8:5 45
 

13.3 45
 
14.5 45
 

4.7 81
 
14.3 81
 

,10.2 48
 
15.9	 48
 
16 48
 

14.6 48
 
5.6 48
 

\4.7 48
 
8.8 48
 

14.2 48
 
4.1 8a 

15.0 8a 
0.6 47
 

19.0 47
 

3.2 49a 
15.5 49a 

1S.8 49a 

18.4 49a 
17.8 49a
 
-D.15 50
 
17.5 50
 

18.8 50
 

19.9 50
 
18.~ !l\I 



it 
'\ 

136
S. VENKAT RAO AND OTHERS 

I	 II 1II IV V
 

FilII /fOUl" (/rom oil Jardine) tuUl prote/n 
food co.'a'.'ng jim flour 

Rice diet 
Rice diet + fish flour 
Rice diet + skim milk powder 
Wheat diet 
Wheat diet + fish flour 
Wheat diet + skim milk powder 
Sorghum diet 
Sorghum diet + 'fish flour 
Sorghum diet + skim milk powder 
Ragi diet 
Ragi diet + fish flour 
Ragi diet + skim milk powder 
Maize-tapioca diet 
Maize..tapioca diet + fish flour 
Maize-tapioca diet + protein food 
Maize..tapioca diet + skim milk powder 

8.9 
11.3 
11.2 
12.2 
14.7 
14.6 
10.7 
13.0 
13.1 

8.8 
11.3 
11.3 
5.6 

14.' 
15.0 
14.5 

provide 5% extra protein in the diet."'" 
If the protein efficiency ratio is as high as 
that of fish flour or skim milk powder, in
corporation of these foods at a lower level 
so as to provide 2'5% extra protein has 
been found to make up the protein defici
ency in the diet and promote good growth 
of rats."	 It is obvious that in the develop
ment of protein-rich foods suitable for the 
treatment and prevention of protein
malnutrition in children and other vulne
rable sections, the aim should be to have 
a product with as high a protein efficiency 
ratio as possible. It should, however, be 
noted that vegetable protein foods having 
lower protein efficiency ratio (1'5 to \'8) 

I	 than milk proteins and other animal 
proteins (2.8 to 3.2) can also be effective in I~ 
making up the protein deficiency in the 
diet when incorporated in the diet to pro
vide about 5% extra protein."-'. 

I
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