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QUALITY AND OVERCOMING SHORTAGE OF PROTEIN IN 

DEVELOPING COUNnuES . . 

S. VENKAT RAO, A. A.JOSEPH, M. SWAMINATHAN AND H. A. B. PARPIA , Ce1llral Fo¢ Tedr.ologlt:ol Reuarch but/lute. MYlor< 
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Introductlou amino acid composition and nutritive 
The diets consumed hy a great ~rity value of common dietary proteins, (Z) 

of the human population in the developing improvement in the nutritive value of 
countries are deficient in proteins lind pro proteins by amino acid fortification, (3) 
tein malnutrition is widely prevalent among large scale availability of amino acid. 
weaned infants and ypung'Children.1-9 for fortification and (4) improvement of 
The problem of providing adequate proteins in poor dietaries by amino acid 

fortification. . .quanti ties of protein for the rapidly
 
increasing population has been eJ;lgaging
 

Amino acid composition and nulritiYe moethe attention of research workers' and 
of proteins international agencies. <-6 Since the land 

available for cultivation is limited and the The nutritive value of proteins depends 
world population continues to increase at on their amino acid composltion, Out of 
a rapid rate, the protein shortage is likely ZZ amino acids commonly OCcurring in 
to become increasingly acute in the years dietary proteins 10amino acids have been 
to come.' However, recent developments found to be essential for the growth and 
in our knowledge of the amino acid maintenance of animals and human bei
composltion and nutritive value of. pro ngs and these must be present in the diet 
teins have indicated possibilities of differ in the proper proportions. Since the 
ent methods of augmenting the protein remaining IZ non-essential amino acids 
supplies.·.. Of these one of the most call .span: the essential amino acids they 
promising is the amino acid supplementa must also be present in the dietary protein 
tion of dietary proteins for enhancing in required amounts.•" 
their nutritive value.1O Experiments with The essentia Iamino acid composition of 
laboratory animals 'haveshown that the common foods has been determined by a 
nutritive value of several common dietary large number of workers. The results 
proteins can be increased Z to 3 fold by have been summarised by Block & Weiss," 
supplementation with limiting amino Kuppuswamy d af.," Orr and Watt" and 
acids.u Extensive studies carried out Patwardhan and Ramachandran.'? The 
by many workers have shOwn that the data given in Table I are taken from the 
primary limiting amino acids of the diets publication of Orr and Watt" and Pat
consumed in the developing countries are wardhan and Ramachandran." 
lysine and methionine while the second Cereals: Cereals contribute more than SO 
ary deficiencies arc threonine and tryp per cent of proteins in the diets of low
tophan. Methods for the large scale income groups in almost all developing 
production at reasonable cost of lysine countries and hence form the most impor-. 
and methionine have been developed. 10.'.1 tant sources ofdietary proteins."'· They 
Amino acid fortification of certain diet contain moderate amounts of proteiqs' 
ary proteins with these two amino acids varying from about 6-14% depending on 
is now feasible on a large scale. The the cereal.is The amino acid contents of 
objective of this rcvie~ to briefly survey different cereal proteins are given in Table 
the following aspects of.the 'problem: (1) I. The limiting amino acids in different 
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Table I. Esse.'lal ami.a acid COII,.., afCO"""". food protei•• (g116g N) : 
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C.,eal.J and millet, 

Rice 
Whoat 
~.fIir COOl 
Qat, 
Pearl 
millot 

O,yza 10100 

Ttll_ """''' 
Sorghum ""8M. 
Arena ,tertiI, 
Penld"nun 
"pllei.1UII 

10.3 
5.2
6.8 
6.1 

8.1 

1.6 
1.5 
10 
1.7 

1.7 

6.0 
3.5 
6.1 
4.8 

5.9 

8.0 
6.5 

12.9 
7.0 

9.5 

3.9· 
2.2
S.4
S..... • 

3.S' 

1.8 
2.2 
1.3 
3.0 

1.9 

a.a 
1.2 
1.6 
1.4 

U· 

4.6 
5.3 
5.1 
s.o 

. 4.3 

3.S
2.6
3.9
3.1

3.8 a 

i.a 
1.1 
1.3 
I.S 

1.9 

6.1 
4.0 
5.9 
5.6 

6.3 
IlaIi El'IIe;IfII 

CiN'QCQftQ 

Barlor l!o1tklHR J"U/gare 
ltaUan S.tarla 
millet jtallea 
Samai Pantcummllian 
Corn(t.(aloel Zea may. 
Varagu Palpo/wn lero" 

btCJI/atum 
RalUere II.....",,.., 

p""I"""'.... 
£.gum.. 

Red JTam CaJa1ffl, cafatr 
DenIal 81am C_ a./"_ 
O...n P...,IfI7 
8101\1 ralli""" 
lAntii LAlli 'JCllknta 
Black 818m PIu1.<t1bu 1111U180 

5.2 
4.8 

3.6 
4.7 
3.5 

4.0 

14.8 

5.4 
6.9 

6.3 
7.0 
3.7 

13 
1.7 

U 
1.9 
a.l 

1.8 

2.9 

3.4 
33 

2.7 
2,1 
2.7 

6.4 
4.0 

"7.6 
6.7 
4.6 

5.3 

6.9 

37 
6.0 

6.3 
'.4 
3.5 

9.5 
6.6 

16.7 
10;9 
13.0 

S.3 

8.0 

7.0 
8.0 

77 
5.4 
7.a 

3.4'3.'· 
a.aa 
1.S' 
39* 

2.1

S.2 

6.4 
6.• 

7.0 
5.8 
6.0 

2.2 
1.9 

1.8 
1.7 
1.3 

lI.3 

2.2 

003" 
0.8

0.6
O.S_ 
0.7· 

3.0 
1.3 

a.8 
2.3 
1.9 

a.8 

2.5 

O.g
1.7 

1.0· 
O.S
1.1

4•• 
4.S 

M 
4.8 
4.5 

6.9 

4.8 

9.1 
5.0 

5.9 
4.1 
S.4 

3.~· 
3." . 

3.1
304' 
4.0· 

a.8" 

444* 

3.4 
48 

3.5 
2.9 
4.3 

1.6 
1.2 

10 
0.6 
0.6 

0.6· 

0.9 

o.aa 
0.6" 

0.4
0.3' 
0.5

6.7 
4.7 

6'~ 
~1 
S;j; 

5.6 

1>.1 

3.1 
3.4 

6.4 
5.4 
6.4 

Cow pea 
HOIl.. 8ram 
t::~'; dba' 
Piel bean 
Peas 

VII"" rail"", 
Dol/doe bl/ltma 
Lolh~."Dli".. 
Dol/clw lablob 
PiSllM latm.m 

6.9 
5.4 
7.8 
9.3 

17.7 

3.1 
3.0 
2.5 
2.8 
27 

4.9 
6.' 
6.o/i
6.0 
8.4 

7.3 
7.9 
6.6 
8.9 

10.9 

6.3 
S.3 
6.9 
8.1 

11.4 

0.7. 
1.3
1.4
1.0
1.a

1.0
O.S
0.4
0.7' 
1.3

5.2 
8.5 
4.1 
5.3 
5.S 

3.2 
3.8 
2.3 
3.3 
4.9 

0.6
0.6
0.4
0.5
0.7· 

6•• 
5.4 
4.7 
5.5 
7.8 

Root' tllfd tube" 
S"oot patata 1_ 

bDtlllD' 5.2 1.5 6.2 6.8 5.0 0.7' 1••" 5.0 5.3 O.S' 9.5 
Potata Sol"""", 

laberollUlf 5.2 1.2 5.2 5.4 6.7 1.1 l.a 4,1 a.s 0.7' 5.0 
EI""bant 
yam
Tapioca 

A_phap/IaI/MI 
elIJIfpatlll/DI.' 
MQIIIhoI 
ullilulma 

u.a 
7.7 

.....6 

1.5 

5.0 

5.3 

5.9 

5'6 

4.4 

6.2 

2.1" 

0.9

1.0· 

0.6

6.2 

3.3 

4.5 

3.S 

0.6' 

0.5" 

M 

4.5 
eoloeatla Ca"",..ta 

anl/qlforwfr 
Green M.. "",.. 
plantain 41~ 

Oils..", a. $1,
Peanut 
St>,abean 
C_ut 
~seed 
sesame 
SDaftower 

6.2 

4.1 

10.7 
7.2 

12.1 
11.2 
S.S 
8.7 

1.8 

U 

2.4 
2.4 
17 
2.7 
1.9 
2.2 

5._ 

5.1 

4.1 
8.4 
4.• 
3.8' 
42 
4.7 

8.' 
5.• 

5.1 
7.7 
6.2 
5.9 
7.4 
6.4 

6.8 

5.6 

36* 
6.3 
3.S
4.3
2 S" 
3.2 

a.7" 

0....

LA
1.8
1.6· 
1.6
2.2 
1.7 

1.0

0.6' 

0.9· 
1.a· 
1~8· 
1.4
2.S 
1.6 

e.a 
4.5 

5.1 
4.9 
4.3 
5.2 
6.4 
4.5 

4.7 

2.7 

2.7· 
3.9 
a.a 
3.5 
3.1 
3.4 

1.4 

0.7. 

1.1 
1.4 
O.S 
i.a 
1.5 
1.3 

6.0 

44 

5.0 
5,3 
5.3 
4.9 
3.9 
50 
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, 
1 3 

.MIlk and e" 
Milt. cow 

3 

3.7 

4 

2.7 

5 

6.5 

6 

10.0 

7 

79 

8 

0.9* 

9 

2.5

10 

4.9 

11 

4.7 

12 

1.4 

13 

7.0 
Milt. human 4.1 2.2 5.5 9.1 6.6 2.0 2.4 44 4.5 1.7 6.~ 
MUt. buffalo 
Milk. soar 
~1I. hen 

Meal andfish 

3.3 
2.2 
6.6 

2.1 
2.0 
2.4 

5.0 
5.3 
4.6 

10.2 
8.7 
8.8 

8.1 
6.3 
6.4 

1.4*0.'· 
2.3 

2.7· 
8.2* 
3.1 

4.3 
4.4 
5.8 

5.2 
4.3 
5.0 

14 
1.3 
1.7 

6.2 
5.8 
7.4 

Beef 5.5 3.5 5.2 8.2 8.7 1.3 2.5 4.1 4.4 1.2 5.~ 
Lamb 6.5 2.8 5.8 7.7 8.1 l.S 2.4 4.1 4.6 1.3 4.9 
Pork 6.1 3.5 5.l 7;11 8.2 1.3 2.5 3.9 4.6 1.3 5.2 
Poultry (chicteo muscle) 
PI.h 

6.2 
11.6 

2.9 5.8 
5.1 

7.3 
7.6 

8.8 
S.8 

1.3 
1.3 

2.6 
3.9 

39 
8.7 

4.3 
4.3 

1.2 
1.0 

4.9 
5.3 

MI_llaneau 
Food yeast 
Chlorella 

1.3 
7.0 

U 
8.5 

7.2 
5.3 

8.0 
9.0 

7.9 
7.6 

0.9
O.S· 

1.5· 
2.0· 

5.1 
4.1 

5.0 
S.7 

1.4 
8.1 

603 
7.9 

• Limiting amino acids 

cereals are a8 follows: rice, lyslne and 
threonine; wheat, lysine and threonine; 
maize, lysine, tryptophan and threonine; 
and millets, lysine and threonine. Among 
cereaIaand millets the proteins ofoats, rice 
and badey possess higher nutritive value 
than wheat and millet proteins. The protein 
efficiency ratios of cereals and mUlets 
range widely from 0.5 to 2.4 depending on 
the grain and are very much Ieas than that 
(4.3) of egg proteins. 

ullumes: Legumes are lIOOd sources of 
protein. About 15-30% of the total 
proteins in average diets consumed by the 
low-income groups in developing coun
tries may be derived from legumes."·"·'o 
Legume proteins are lIOOd sources of lysine 
and threonine but are deficient in sulphur 
amino acids and tryptophan. The nutritive 
value ofseveral legume proteins is seriously 
affected by the growth inhibitors present 
in them.l? Optimal heat processing has 
been shown to inactivate these and bring 
about an increase in the nutritive value of 
the proteins. The protein efficiency ratios 
of optimally heat processed "legume 
proteins (at 1O~ level) range from 1.5 to 2.0 
depending on the legume, 

Nuts and oilseeds : Nuts and oilseeds 
form important potential sources of 
proteins for overcoming protein malnutri
tion in developing countries.'s,,, The 
most important of these are soya bean, 
groundnut, cottonseed, sesame seed, coco
nut and sunflower seed. Soya bean pro
teins are deficient in sulphur amino acids, 

" cottonseed and coconut proteins in lysine 

• 

and sulphur amlno acids, while sesa.ine 
and sunflower seed proteins are d"acilmt 
in lysine. Groundnut proteins are deficient 
in lysine. methionine and threonine.'! 'flte 
protein efficienqyratios ofnuts and oilsoeds 
range from 1.5' to 2.3 depending on tl1e 
material." . 

Roots and tubers: The Important roots 
and tubers consumed in the different 
developing countries are potato, yam 
(Amorphophallus camspanllfatus), colocasla 
(Colocasfa esculBnta). sweet potato (Jpo
meoa baratas) and tafioca or cassava 
(Manihot esculenta).'- Among lbese 
potato, yam and colocasla are fair sources 
of proteins while sweet potato and 
tapioca are poor sources. Potato protelns 
possess fairly high nutritive value Data 
regarding the nutritive value of the 
proteins of yam and colocasla are not 
available. Potato proteins are deficient in 
sulphur amino acids. 

Egg and milk: AmOog the dietary pro
teins egg proteins possess the highest 
nutritive value." Milk forms the main 
source of proteins in the diets of infants 
and young children and roilk proteins 
possess high protein efficftn"y ratio 
(2.8-3.3) thougb lower than that (4.0--4.5) 
of egg proteins.Milk proteins are del!
cient in sulphur amino acids. 

Meat and fish : The Eroteins of meat and 
fish POSS818 high nutritive value cQml!l!.~ 
ble to that of milk proteins. The lImIting 
amino acids in fish and meat proteins are 
sulphur amino acids and tryptophan. 

Yeast and algae: During recent years 

-..
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considerable amount of work has been 
carried out on the' possible uses of dried 
yeast and algae (chloreJla) as protein 
supplements to human diets." Both dried 
yeaSt and chlorellacontain about 35 to 
50% protein. The protein efficiency, ratios 
have been found to rangefrom 1.5 to 2.0 
depending on the strain and cultural col)' 
dltlons, They are rich' sources of lysine 
but are deficient in sulphur amino acids.• 

Improvement in the lIutritive valne of proteins 
by amino acid supplementation . 

COnsidAlrable amount of work has been , 
carried out by various workers on the, 
amino acid supplementation of dietary 
proteins.'IoBl The results of studies on 
amino, acid supplementation of some 
commen dietary proteinsare summarised 
in Table II. A brief summary of the results 
as may be applicable to developing coun
tries is presented here. 

Cereals : Supplementation of the prote
ins ofwheat and bread with lysine has been 
found to bring about a marked improve
ment in the protein efficiency ratio. Addi
tion of threonine along with lysine brings 
about a further increase in the nutritive 
valne ofprotein.24 The protein efficiency 
ratio of rice proteins has been reported to 
iDiprove when fortified with both lysine 
and threonine."'" From the chemical ana
l}'Sis, one w:oulcl not expect that threonine 
snp,plementation would be required. Since 
threonine is almost aslimiting as lysine, it 
would appear that 40% of the threonine 
in the rice protein is not available for 
growth.- In the case of corn proteins a 
marked improvement in the protein effici
ency ratio was observed when supplement
ed with both lysine and tryptophan." Tang 
eral28 repor.1ed that lysine supl\lementation 
improved the nutritive vahi~ of oats 
proteins and a' further improvement was 
observed when I methionine and threonine 
were added along with tbe lysine. 
Venkat Rao et al'" found that' lysine 
fortification improved markedly the protein 
efficiency ratio of sorghum, (Sorghl/itl 
vulgare), tearl, millet (l'enniSelum typho
ideum) a~ ,ragi (E/eucine coracana). . 

Ltg.U/TIes: Wbep supplemented with 
methionine the nutritive value of legume 
proteins are known to improve to a matk

l
, 

ed e!ltent. so·" For example the nntritive 
value of the proteins of Alaska field pea is 
increased almost to that of casein when " supplemented with methionine. In the case 
of split pea, lentils and pigeon pea, 
addition of tryptophan and threonine 
along with methionine brought about 
a marked improvement in the nutritive 
value of the proteins. • 

Oilseeds and nuts : Supplementation 
with methionine increases markedly the 
protein efficiency ratio of both raw and 
processed 'soya bean." ss The protein 
efficiency ratio of methionine fortifled 
processed soya bean is nearly equal to that 
of milk proteins. Highly significant increa
ses in the protein efficiency ratio of sesame 
proteins as a result of fortification with 
lysine have been reported.40•40• Lyman 
et at" reported that fortification ofcotton
seed meal with lysine increasedthe protein 
efficiency ratio to a significant Olltent. 
Supplementation of groundnut proteins 
with lysine, methionine and threonine: 
increased the protein efficieDC)' ratio to a 
marked extent."'''. . ,

Egg aitd "'ille:' Mitchell" reported that 
supplementation of egg 'proteins (at ,% 
level) with lysine brought about a alight 
but significant .increase in Its growth 1
promoting value but Venkat Rao et al" 
did not observe any supplementary effect 
of lysine to egg 'proteins (at 10% level). 
Fortification ofmilk proteins with methio
nine produced a marked increase in the 
nutritive vallle of milk proteins.4' 048 

Yeasl and chlorella: Fortification of food 
yeast and chl6l'ella with methionine brings 
about a marked increase in the protein 
efficiency ra tios..... 48. 

Blendsofproteln-rlchfoods : Panemanga
lore et aJ 4. reported that fortification of a 
protein food. based on a I: I blend of soya 
flour and groundnut 1I0ur with lysine and 
methionine increased the protein efficiency 
ratio to a highly significant extent. The pro
tein efficiency ratio of protein foods based 
on ~:2:1 blend of groundnut flour, Bengal 
gram flour and sesame flour or 4:3:3 blend 
of groundnut flour, soya bean flour and 
seame ".IIour increased to a significant 
extent whim supplemented with lysine and 
methionine. '0 ~ 

1 
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Table	 II. The effect o/supplementation with limiting amino ot:JdJ on the nutrltlt1e t1a~ 0/
certain dietary proteins as judged by tM growth ofalbino rat 

~~ 

.. Qoc u 
c~ cc"~0.:: .• .c08 0 

~ e . Foodstuff .S'':;~ .!g-" e'2 aQ. ·~·C ~ = Q'" 
~ c.~ C~~c. ..:

Q 

=1<'Q" 
1	 2 ) 4 S
• 

Cereals 
Bread, white wheat 94 35 22.0 23
 

" + 0.22'1. lysine 9.' 35 133.0 23

" + O.3S'I. lysine and 0.08t. threonine 9.4 35 223.0 23
 

Bread. white dried 10.8 28 28.0 24
 
.. + 0.410 lysine 10.8 28 84.0 24
 

Rice 7 21 9.2 25
 
.• + 0.8'1 lysine 7 21 6.6 25'
 
.. + 0.8'1 lysine aod 0.6'1 threonine 7 21 28.0 25
 

Com (Maize) 6 35 21.0 27

•• + 0.12'1. lysine and 0,06'1 tryptophan 6 35 61.0 Pfl
 

Oats 13 21 19.3 28
 
.. + 0.48'1. lysine 13 21 23.4 28
 

Kaffir corn (Sor6/rum tluJgare) 8 28 15.5 29
 
n + 0.24% lysine 8 28 38.4 29
 
.. + 0.24% lysine and 0.08'1. threonine 8 28 62.0 29
 

Ragi (E1euclne coracana) 6 28 8.9 29
 
OJ + 0.2'1 lysine 6 28 29.9 29
 
.. + 0.2% lysine and 0.09% threonine 6 28 43;9 119
 

Pearl millet (Penni3erunt Iyphoideum) 10 34.3
28 29
+ 0.28'1 lysine 10 28 87.6 29
 
.. + 0.~8'1 lysine and 0.111. threonine 28 91.0
10	 29


ugJUf1el
Kidney bean, black (Phas~olu.t t1u1garb) 10 021 30
 

.J + 0.3'1 methionine 10 21 65.1 30

Kidney 'bean, red (Phaleo!uI vulgaris) 10 21 -2.1 30
 

u + 0.3% methionine 10 21 31.5 30

Kidney bean. white IPhaseobu vul,arl,) 10 21 18.9 30
 

.. + 0.3% methionine 10 21 54.6
 30

Cow pea (Vigna sinensis)	 10 6.32t 38
 ,. + 0.3'1 methionine 10 21 31.5 30
 
lentil (Lens e8cu!e"ta) 10 21 -2.1 30
 

t' + 0.3% methionine
 10 21 10.5 30

Chick pea (Cicerarletlnum)	 10 27.321 30


•• + 0.3'1 methionine 10 21 60.9 30

Pigeon pea (Cajanus coJon) 10 21 .4.2 30


" + 0.3'1 methionine 10 21 6.3 30

" + 0.3" methionine and.9.001. tryptophan 10 21 65.1
 30
Lima bean (PhaseoUu IWlatus) 10 10 4.0 31

" + 0.1'1 methionine	 10 10 30.0 31


Soap beao (Phaseolus .ulgarls) 10 10 -1.0 31

0.11. methionine .. +	 10 10 16.0 31


Pea (PIIIU7J Ultwum) 10 10 3.0 31
 
.'~ + O.t'1 methionine 10 10 23.0 31


Black bean (PhaseD/usvulgaris)	 .0 45.028 35
 
tt + 0.21. methionine	 28
10 124.0 35


Lathyrus pea (Lathyrus sativU3) 12 21 6.1 36
 .. + 0.6% methionine . 12 2t 30.0 36

Green gram (Phase(Jlu~ radiatu8) 12 21 14.4 36
 .. + 0.6% methionine 12 21 22.7 36

Blaek gram (Phaleo!us mungo) 12 21 20.0 36
 .. + 0.6" methionine	 12 38.221 36


NIIJI and olisuds 
Groundnut .8our 10 28 48.6 38
 .. + O.3'llysine and 0.21. methionine . 10 28 59.7 38
 .. + 0.3% lysine, 0.21. methionine and o.n threonine 10 28 67.6 38
 

,
• 

• 
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~ 

I	 2 3 4 5 

Groundnut protein isolate	 10 28 25.2 44 .. + 0.12% methionine, 0.4'% lysine. 0.16% threonine,
and 0.02% tryptophan 10 28 94.0 44 

Cottonseed meal 21 28 101,8+ 41 
•• + t % lysine 21 28 2368+ 41 

Soya been meal (beat processed) 10 28 44.6 39 
u + 0.12% methionine 10 28 67.9 39 
.. + 0.12% methionine hydroxy analogue 10 28 65.1 39 

Soys bean, raw	 10 28 7.3 S9. 
t. + 0.18% methionine 10 28 39.3 39. 

Sesame seed meal 10 28 53.2 40· 
+ 0.14% lysine	 10 28 69.4 40a 
+ O.54~~ lysine	 10 28 95.0 40. 

E66 and milk 
Egg. hen	 9 28 116.8 45 

+ 0.4% lysine 9 28 120.8 45
Miik.. -cow 10 28 76.4 48
 
t. + 0.2% methionine	 10 28 102.4 48 

Milk, buffalo	 10 28 S2.0 48 .. .+ 0.2% methionine 10 28 120.8 48 
Yeast and clllore/lo 

Food yeast (Toru/opsis UII/ls) 13.3 37 29.6 48s .. + 0.2% methionine 13.3 37 74.0 48a 
Cblorella	 10 28 2.19* 48h.. + 0.2% methionine	 10 28 3.90* 48b 

+ Experiments with chicks 
• Protein efficiency ratio 

Large I!C8Ie availability of amiDo acids for the l-lysine obtained by the biological
fortificatioD	 process. The present production of 1·lysine 

During recent years considerable amount is fairly higb and this can be easily ste
pped up.of research has gone into developing meth

ods for the large scale production of lysine Amino acid sopplemeDladoD of bunum dim iD
methionine and threonine required for developing CODDtries
fortification of food proteins. l o•1l 

Methionine: In 1954 according to a The need for amino acid supplemen
report based on Tariff Commission figures tation of the diets oflll8Dy of the 
the production of dl-metbionine in U.S.A. technically underdeveloped countries 
was about I million pounds." Some of whose populations SUbsist mostly on 
this was used in pharmaceutical prepa cereals, millets and roots and tubers such 
rations but a large part Waf used as an al rice, maize, wheat, cassava, sorghum 
addition to animal feeds. It can be stated etc. is clear cut and pressing.11 Since 
that the present production will be very attempts» are beinl! made at present to 
much higher as dl-methionine is being utilise protein-rich foad' of plant origin 
used widely in animal feeds. The present such as oilseed meals and legumes as 
production o(dl-methlonine can be easily supplements to thOIl diets of children, the 
increased, nutritive value of the proteins of these 

Lynne: The position regarding the foods can be enhanced by the addition of 
commercial availability and methods of lysine and methionine." The available 
large scale production of lysine has recent data would Indicate that the low-quality 
Iy been reviewed. 10·1I·.205S The two low protein diets can be improved either 
methods of production are biological by fortification directly with lysine and 
synthesis using selected micro-organisms methionine or by the incorporation of oil
and by chemical synthesis. The chemical seed meals and legumes fortified with 
synthesie yields the recemic mixture dl lysine and methionine...... A brief aiicouQt 
lysine which has only half the activity of of some of the important studies is given 

• 

.,>..:, 
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here. Bressani et a/54 have shown that 
lysine supplementation caused a marked 
increase in nitrogen retention in all of 6 

\ preschool children who had recovered 
from severe protein malnutrition and were 
receiving daily 2g protein/kg body weight 
in the form of wheat Dour. In some of 
the children, the retention approximated 
that obtained with milk protein. Rice 
et a/" have carried out nitrogen balance
experiments with college students receiv
ing 95% of their protein from white bread 
containing 4% milk solids. These authors 
found statistically significant increases in 
nitrogen retention with lysine supplemen
tation on intakes of 0.7gand LOg proteinj 
kg/day. This experiment proves that 
lysine supplementation of the diet based 
entirely on wheat tlour will improve 
nitrogen retention eve" in the case of 
young adults. Scrimshaw et a/ 5• and 
Bressani et a/57 studied the effects of 
supplementation of com masa diet fed to 
young children with lysine and tryptophan 
and found a marked increase in N reten
tion on protein intakes of 1.5 to 3.0 g per
kilogram per day. Truswell and Brock 5. 
have reported that supplementation of 
maize diets consumed bv adults on 
protein intakes of 0.5 to (.()g/kg/day with 
lysine, tryptophan and isoleucine resulted 
in a significant increase in nitrogen reten
tion. Gomez and associates 59 reported 
that supplementation of corn-bean diet 
consumed by preschool children with 
lysine and tryptophan caused considerable 
increase in nitrogen retention. King et a/60 

and Laughlin et a/ 60 ' have reported that 
lysine supplementation of the diets of 
grcwth-retarded Haitian children 6 to 16 
years of age increased their growth rate. 
I'vthasarathy et a/6' found that supple
~~~.tion of a poor Indian rice diet with 

" '. methionine and threonine resulted 
n'libighlYsignificant increase in the net 

protein utilisation in children aged 8-9 
xeanl,"Whtm a similar rice diet was supple. 
lbentid with methionine fortified soya 

.".:...

, .~. 

, . 

s c. 

Dour, the nitrogen retention increased 
almost to the same extent as that observed 
with an equivalent amount of milk pro
teins.·· Paratbasarathy et a/6' reported that 
nitrogen retention in children aged 8-9 
years receiving daily Ig. soya bean protein 
per kilogram body weight markedly in
creased on supplementation with methio
nine. Doraiswamy et a/64and Parthasarathy 
et a/ 65 found that supplementation of a 
poor Indian rice diet consumed by school
children (8-9 years) with a protein food 
based on .:1 blend of groundnut Dourand
soya flour fortified with lysine and methio
nine brought about considerable improve
ment in their growth and nitrogen reten
tion. 

In many developing countries, the 
supplies of protein-rich foods of high nutri
tive value for supplementing the low pro
tein basal diets of the population are highly 
inadequate.' In such cases improvement
in the amino acid b..lance in the dietary 
proteins can be achieved by fortification
with the limiting amino acids.• A number 
of typical examples are given in Table III 
based on studies with children. An increase 
in nitrogen retention means better utilisa
tion o(dietary proteins and an increase in 
the amount of body tissue. In the case of 
children better growth has also been 
observed as a result of such supplementa
tion. The results so far obtained have 
indicated that amino acid fortification 
provides an effective means of improving 
the nutritive value of available protein 
supplies in the developing countries. In 
view of the. widespread occurrence of 
protein malnutrition in these regions,there 
is urgent need to fortify protein blends 
based on locally available protein-rich 
foods such as oilseed meals and legumes
with lysine and methionine for enhancing 
their nutritive value and distribute these 
foods for use as supplements to t he diets 
of weaned infants, young children and 
expectant and nursing mothers. 



Amino add11I,p/e,..lIIl1tIOil 0/ proteillS 

Table 111. E;ff~et 0/ amino iJCid suppkfMntallml 0/ eertaln di~tQ/'Y proteins on the 
,.I,nUon o/lfI/roAM by c:hild,.en 

Diet 

Wheat diet 

.. + lysjue (2.4SI/611N) 

Com-masa diet 

.. + lysine (S.9S/16SN) 
and tryptophan (1.2S/16sN)

Corn-mesa diet . 

... +lyaiDe (3.9s/16sN) 
and tryptophan (1.2S/16SN) 

Rice diet 

.. + lyaiue (9.5S/16SN)
methienlne (1.2S/16SN) aDd 
threonine (0.9S/16SN)

Processed soya flour 

.. + methionine (1.2S/16SN) 
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