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- Introduction o
The diets consumed by a great majority
of the human population in the developing
countries are deficient in proteins and pro-
tein malnutrition 1s widely prevalent among
weaned infants and young~ éhildren.i-?
The problem of providing adequate
quantities of proteéin for the rapidly
incredsing population has beén engaging
the attention of research workers and
international agencies. 4% Since the land
available for cultivation is limited and the
world population continues to increase at
a rapid rate, the protein shortage is likely
to becormne increasingly acute in the years
to come.” However, recent developments
in our kpowledge of the amino acid
composition and nutritive value of  pro-
teins have indicated possibilities of differ-
ent methods of augmenting the protein
supplies.?? Of these one of the most
promising is the amino acid supplementa-
tion of dietary proteins for enhancing
their nutritive value,’® Experiments with

laboratory animals have shown that the’

nutritive valye of several common dietary
proteins can be increased 2 to 3 fold by
supplementation with limiting amino
acids,!! Extensive studies carried out
by many workers have shown that the
primary limiting amino acids of the diets
consumed in the developing countries are
lysine and methionine while the second-
ary deficiencies are threonine and tryp-
tophan. Methods for the large scale

production at reasonable cost of lysine.

and methionine have been developed, 1011
Amino acid fortification of certain diet-
ary proteins with these two amino acids
is now feasible on & large scale. The
objective of this reviews to briefly survey
the following aspects ‘:l!;sthe ‘problem: (1)

t
)

amino acid composition and nutritive
value of common dietary proteins, (2)
improvement in the nuytritive value of
proteing by amino acid fortification, (3)
large scale availability of amino acids
for fortification and (4) improvement of
proteins in poor dietaries by amino acid
fortification. . -

Amino acld composition and pufritive valae
of proteins .

The nutritive value of proteins depends
on their amino acid compositicn. Out of
22 amino acids commonly occurring in
dietary proteins 10 amino acids have been
found to beessential for the growth and
maintenance of animals and human bei-
ngs and these must be present in the diet
in the proper proportions. Since the
remaining 12 non-esgential amino acids
cabl ‘spare the essential amino acids they
must also be present in the dietary protein
in required amounts.%*° -

The essential amino acid composition of
common foods has been determined by a
large number of workers. The results
have been summarised by Block & Weiss, 2
Kuppuswamy ef al.,’ Orr and Watt!* and
Patwardhan and Ramachapdran.”* The
data given in Table I are taken from the
publication of Orr and Watt!* and Pat-
wardhan and Ramachandran.'®

Cereals: Cereals contribute more than 50
per cent of proteins in the diéts of low-
income groups in almost all developing
countries and hence form the most impor-,
tant sources of dietary proteins.”"* They
contain moderate amounts of proteins:
varying from about 6-14%, depending on
the cereal,’® The amino acid contents of
different cereal proteinsare givenin Table
I. The limiting amino acids in different
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Table [. Essential amino acld content of common food proteins (g/16g N)
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Cereals and mlilets
Rice Oryza sativa 108 1.6 6.0 80 39¢ 18 22 46 3.3* 1.2 6.1
Whaat Triticum wigare 52 1.5 3.5 6.5 2.2¢ 22 1.3 53 2.6% 1.1 4.0
Kaffircom  Sorghum wigare 68 16 6.1 129 34¢ 18 1.6 51 39* 123 859
Qats Avena sterilly 6.1 17 48 70 34% 320 14 50 3.1* 12 5.6
Pearl FPenniserum
millet 1y phoiderm 81 17 59 9.5 38% 19 18 ‘43 38¢ 19 6.3
Eleucine : L,
coracang 52 13 6.4 95 34* 22 3.0 34 35* 16 67
Barley Hordeym vulgare 48 17 40 65 33% 1.9 13 48 392% 1.2 47
Itallan Sataria
millel itallca 3.6 2.1 T8 16,7 2.a% 1.8 3.8 67 31* 140 69
Samai Panlcum miliare 47 19 67 10, 18% 17 28 48 34* Q6 6,1
Com(Maize) Lea mays 3.5 al 46 1306 29% 13 1.9 45 40t 06 5k
Varagu Paspalum scro- .
bleulatum 40 18 53 83 21 22 38 69 38* Q6. B6
Ralkeera Amaoranthus ] .
peaniculatus 148 2.9 6.9 3.0 8.2 2.2 2.5 48 44% 09 4.1
Legumes -
Red gram  Calamus cgfen 54 34 57 70 64 O8% 09* 91 34 02¢ 5.1
Benga) gram Cloer arletinem 6.9 23 6.0 80 64 08% 17 50 4B 06% 5.4
Green Phareclur
gram . rediotus 63 27 63 77 70 0.6% 10* 59 3.5 04% 6.4
Lontil Lens esculenta 7.0 2.1 5.4 54 58 08¢ pg* 41 29 0.3* 5.4
Black gram  Phaseolss mungo 6.7 2.7 5.5 7.2 60 O07¢ 11% p4 43 0.5% 6.4
Cowpen Vignocatong 6.9 31 49 7.5 62 07¢ 10%* 52 32 0.6% 63
Harse gram  Dalichos biflorus 5.4 3.0 67 79 83 13# 08* 85 38 0.6% 5.4
K ridbal Lathyrus sativus 7.8 2.5 64 6.6 6.9 1d¢ 04% 41 23  D.4av 47
Ficld bean  Dolichos lobiab 9.2 2.8 60 89 81 10% 07%* 53 3.3 05% 5.5
Peas Pisum satiam 17.7 27 B4 10,9 11.4 193¢ 13* 58 49 07¢ 7.8
Roots a?d tubers : }
w atato {pomeoa .
Sweet p gnt’atas 52 15 62 6.8 50 07+ 14* 50 53 0.8* 95
a olanum
Potata tuberosum 52 1.2 52 54 67 12% 1r0* 41 3.9 07¢ 50
Elephant Amer pho phalius .
yl:: eampanulatus 1.2 1.6 5.0 3.9 44 214¢ 1.0% 6.2 4.4 0.6% 5.0
Tapioca Manihat
utilissima 77 15 63 56 62 09% 06% 35 3.8 0.5% 45
Colocasia Colocasia
' antiquorum 62 1.8 58 89 683 27 10¢ 53 47 14 60
Green Musa parg- -
plantain dl’.dzca 41 45 5.1 54 56 04% 0.6* 45 27 07« 44
Qilseeds and nuts
Peanut 107 24 41 51 36% 15¢ 0.9¢ 51 27% 11 50
Spyabean 72 24 84 7.0 63 18+ 13a* 49 39 14 53
Coopnut 121 17 45 6.7 38% 16+ 18¢ 43 313 08 53
Cottonsead 112 27 38 59 43% Lot 14* 52 35 1.2 49
Sesame 88 1.9 42 7.4 26%* 223 28 64 31 1.5 3.9
Sunflower 8.7 22 47 64 8.3 17 16 45 34 1.3 50
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1 2 3 4 5 6 7 8 9 10 11 12 13
.-+ -Milk and egg ’ - )
Milk, cow 3.7 2.7 6.5 100 79 0.9% 25% 49 4.7 14 7.0
Milk, human 41 23 55 9.1 66 2.0 24 44 45 17 63
Milk, buffalo 33 21 5.0 102 B1 14% 27* 43 52 14 6.2
Milk, goat 22 20 5.3 B7 6.3 0.7% 2.2% 4.4 4.3 1.3 5.8
Egg, hen 66 24 4.6 B8 64 283 31 658 50 17 74
Meat and fish
66 35 52 82 87 13 25 41 44 1.2 B56
Lamb 65 28 5% 77 81 13 24 41 46 1.3 49
Pork 61 35 5.1 ™ 8.2 1.2 2.5 39 4.6 1.3 5.2
Poultry (chicken muscle) 63 29 83 72 88 13 26 39 43 1.2 49
Pish 56 5.1 76 88 13 29 287 43 10 53
Miscellaneous '
Food yeast 12 2% 72 80 7.9 09* 15 51 50 14 63
Chlorella 20 35 &3 50 76 08% 20% 41 87 21 19

#* Limiting amino acids

cercals are as follows: rice, lysine and
threonine ; wheat, lysine and threonine;
maize, lysine, tryptophan and threonine;
and millets, lysine and threonine. Among
cereals.and millets the proteins of oats, rice
and barley possess higher nuiritive vaiue
than wheat and millet proteins, The protein
efficiency ratios of cereals and milleta
range widely from 0.5 to 2.4 depending on
the grain and are very much less than that
(4.3) of egg proteins.

Legumes : Legumes are good sources of
protein, Abount 15-30% of the total
proteing in average diets consumed by the
low-income groups in developing coun-
tries may be derived from legumes,15-17:18
Legume proteins ace good sources of lysine
and threonine but are deficient in sulphur
amino acids and tryptophan. The nutritive
value of several legume proteins is seriously
affected by the growth inhibitors present
in them.' Optimal heat grocessing 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 10z Jevel) 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,!® The
most important of these are soya bean,
groundnut, cottonseed, sesame seed, coco-
put and sunflower seed. Soya bean pro-
teins are deficient in sulphur amino acids,
cottonseed and coconut proteins in lysine

and sulphur amino acids, while sesame
and sunflower seed proteins are daficient
in lysine, Groundnut proteins are deficient
in lysine, methionine and threonitie.!! The
protein efficiency ratios of nuts and oilseeds
range from 1.5 to 2.3 depending on the
material,!? "

Roots and tubers . The important roots
and tubers consumed in the different
developing countries are potato, yam
{ Amorphophallus camapanulatus), colocasia
(Colocasla esculenta), sweet potato (fpo-
meoa baratas) and tagnoca or cassaVa
(Manihot esculenta).®~® Among these
potato, yam and colocasia are fair sources
of ptoteins while sweet potato and
tapioca are poor sources, Potato proteins
possess fairly high nutritive value Data
regarding the nutritive value of the
proteins of yam and colocasia are not
available. Potato proteins are deficient in
sulphur amino acids. -

Egeg and milk : Amoag the dietary pro-
teins egg proteins possess the highest
nutritive value.!* Milk forms the main
source of proteins in the diets of iafants
and young children and milk proteins
possess high protein efficiency ratio
(2.8-3.3) though lower than that (4.0-4.5)
of egg proteins.Milk proteins are defi-
cient in sulphur amino aclds.

Meat and fish : The proteins of meat and
fish possess high nutritive value compirs-
ble to that of milk proteins. The limiting
amino acidsin fish and meat proteing 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 (chlorella) as protein
supplements to human diets.®® Both dried
yeast and chlorella contain about 35 to
50% protein. The protein efficiency -ratios
have been found to range from 1.5 to 2.0
depending on the strain and cultural con-
ditions. Théy are rich sources of lysine
but are deficient in sulphur amino acids..

Improvement in the gutritive valoe of proteins
by amino acid supplementation °

Considerable amount of work has beea .

carried out by various workers on the
amino acid supplementation of dietary
proteins.2'#8  The results of studies on
amino_ acid supplementation of some
common dietary proteins are 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 of wheat and bread with Lysine has been
found to bring about 2 marked improve-
ment in the protein efficiency ratio. Addi-
tion of threonine along with lysine brings
about a further increase in the nutritive
value of protein.2* The protein efficiency
ratio of rice proteins has been reported to
improve when fortified with both lysine
and threonine.2*? From the chemical ana-
lysis, one would not expect that threonine
supplementation would be required. Since
threonine is almost as limiting as lysine, it
would appear that 40% of the threonine
in the rice protein is not available for
growth,® In the case of corn protgins a
marked improvement in the protein effici-
ency ratio was observed when supplement-
ed with both lysine and tryptophan.” Tang
eralreported that lysine supplementation
improved the nutritive vali¢ of oats
proteins and g further improvement was
observed when methjonine and threonine
were added along with the lysine.
Venkat Rao et al® found that 'lysine
fortification improved markedly the protein
efficiency ratio of sorghum, (: ;
vulgare), (rearl, millet (Pennisetum typho-
ideum) apd ragi (Eleucine coracana).

Legumes: Whep supplemented with
methlonine the nutritive value of legume
proteins are known to improve to a mark-

(Sorghum’

Amino acld supplementation of proteins

ed extent.3'% - For example the nutritive
value of the proteins of Alaska field pea is
increased almost to that of casein when
supplemented with methionine. Inthe caseé
of split pea, lentils and pigeon. pea,
addition of trypiophan 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,’” ¥ The protein
efficiency ratio of methionine fortified
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
Iysine have been reported.#40: Lyman
et al¥! reported that fortification of cotton-
seed meal with lysine increased the protein
efficiency. ratio to a significant - extent.
Supplementation of groundnut proteins
with lysine, methionine and threonine:
increased the protein efficiency ratio to a
marked extent. % - .. - .

Egg and milk ;- Mitchell®s reported that
supplementation of egg ‘proteins (at 9%
level) with lysine brought about a slight
but significant -increase in {ts growth
promoting value but Venkat Rao er al*
did not observe any supplementary effect
of lysine to egg proteins (at 109, level).
Fortification of milk proteins with methio-
nine produceda matked increase in the
nutritive value of milk proteins. 4748 ~

Yeast and chlorella: Fortification of food
yeast and chlérella with methionine brings
about a marked increase in the protein
efficiency ratips.t8a. 46b

Blends of protein-rich foods : Panemanga-
lore et al # reported that fortification of a
protein food based on a 1:1 blend of soya
flour and groundnut fiour with lysine and
methionine increased the protein efficiency
ratio to a highly significant extent. The pro-
tein efficiency ratio of protein foods based
on 2:2:1 blend of groundnut flour, Bengal
gram flour and sesame flour or 4:3:3 blend
of groundnut flour, soya bean flour and
seame “flour increased to a significant
extent when supplemented with lysine and
methioning. 0 ‘ ‘
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Table IL. The effect of .wpplemenrauan with lmiting amino ackds on the nutrltive value of
certain dietary proteins as judged by the growth of albino rat
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bt el o
5z | g8z |2z |8
Foodstuff Towe | SEF | 228 | 8¢
s5 EE=® |88 | &°
- & S 5 o &
Qe
1 2 3 4 5
Cereals . am
Bread, white wheat 094 as ze.0 23
o+ 0.22%lysine 9.4 35 133.0 23
w T 0 35% lysine and 0.08% threonine 9.4 i5 2323.0 23
Bread, white dried 10.8 28 28.0 24
» +  0.4% lysine 10.8 28 840 24
Rice 7 21 9.2 25
,» + 0.8% |ysine 7 21 6.6 28°
+  0.8% lysine and 0.6% threonine 7 21 280 15
Corn {Maize) 6 a5 21.0 27
»» + 0.32% lysine and 0.06% tryptophan 6 © 35 6L.0 27
Qats ’ 13 21 19.3 28
+  0.48% lysine 13 a1 234 28
Kaffir corn (Sorghun vulgare) 8 28 15.5 29
s +  0.247% lysine 8 28 384 29
s ¥+ 0.24% lysine and 0.08% threcnine 8 28 620 29
Ragi ( Eleucine coracana) 6 28 8.9 29
s+ D.2% lysine 6 28 29.9 29
+ 0.2% lysine and 0.09% threonine 6 28 439 29
Pearl millet (Pennisetum typhoidevm) 10 28 4.3 29
. + 0.28% lysine 10 28 87.6 29
» + 0.28% lysine and 0,112 threonine .10 28 91,0 29
Lepumes
Kidney bean, black (Phaseolus vulgarls) 10 21 0 30
» + 0.3z methionine 0 21 65,1 30
Kidney bean, red (Phaseolus vulgaris) 10 21 —2.1 30
+ 0.3% methionine 10 21 3158 80
Kldney bean, white | Phaseolus vulgarls) 10 21 189 30
T 0.3% methionine 10 21 546 30
Cow pea (Vigna sinensls) 10 21 6.3 30
0.3% methjonine 10 21 31,5 30
Lentil (Lens esculenta) 10 21 -—2.1 a0
+ 0.3% methionine 10 21 10.5 30
Chick pea (Cicer arletinum) 10 21 273 80
+ 0.3% methionine 10 21 60.9 30
Plgeon pea (Cajanus cojan) 10 21 4.2 30
,, 0.3% methionine 10 21 6.3 30
+ 0.3% methiopine apnd 8.08% tryptophan 10 21 65.1 30
Lima bean (Phaseolus lunatus) 10 10 40 31
+ 0.1% methionine 10 10 300 31
Suap bean (Phaseolus vulgaris) 10 10 —1.0 31
+ 0.1% methionine 10 10 16.0 31
Pea (Plsum sativum) 10 10 © 3.0 31
+ 0.1% methionine 10 10 23.0 31
Btmck bean (Phaseolus vulgaris) 10 28 450 35
+ 0.2% methionine 10 28 124.0 35
Lathyrus pea (Lathyrus sativus) 12 2y 6.1 36
+ 0.6% methionine 12 21 30,0 36"
Green gram (Phaseolus radiatus) 12 21 14.4 36
+ 0,6% methionine 12 a1 20”7 36
Black gram { Phaseolus mungo) 12 21 200 36
w +  0.6% methionine 1% a1 38.2 36
G 4 Nuts and ollseeds
roundnut four 0 .
» + 0.3% lysine and 0,2% methionine io §§ }',‘22 ﬁ
w»w T 0.3%]lysine, 0,22 methionine and 0.2% threonine 10 98 67.6 38
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¥ 2 3 4 )
Groundnut protein isolate 10 28 25,2 4
w + 012 methionine, 0.45% lysine, 0.16% threonine,
and 0.02% tryptophan 10 28 4.0 +
Cottonseed meal 21 28 100.8% 41
w4+ 1% lysine 21 28 236 st 41
Soya bean meal (heat processed) 10 28 44.6 39
s+ 0.12% methionine 10 28 67.9 39
» _ + 0.12% methionine hydroxy analogue 10 28 65,1 39
Soya bean, raw . 10 28 7.3 39a
w + 0.18% methionine . 10 28 39.3 39a
Sesame sced rucal 10 28 53.2 40a
» + 0.14% lysine 10 28 69.4 408
s+ 0.54% lysine 10 28 95.0  40a
Egg and milk
Egg, hen 9 28 1168 45
s+ 04%lysine 9 28 1208 45
Milk, cow 10 28 764 48
s+ . 0.2% methionine 10 28 102.4 48
Milk, buffalo 10 28 82.0 48
» -+ 0.2% methionine 10 28 120.3 48
Yeast and chiorella
Food yeast (Torulopsis usilis) 13.3 3y 29.6 48a
v +  0.2% methionine 13.3 37 74.0 48a
Chlorella 10 28 2.19* 48h
s+ 0.2% methionine 10 28 2.50* 48b

+ Experiments with chicks
+ Protein efficiency ratio

Large scale availability of amino acids for
fortification

During recent years considerable amount
of research has gone into developing meth-
ods for the large scale production of lysine
methionine and threcnine required for
fortification of food proteins.1o:1!

Methionine : In 1954 according to a
report based on Tariff Commission figures
the proeductionof dl-metbionine in U.S.A.
was about 1 million pounds.! Some of
this was used in pharmaceutical prepa-
rations but a large part wag used as an
addition to animal feeds. It can be stated
that the present production will be very
much higher as dl-methionine is being
used widely in animal feeds. The present
production of dl-methionine can be easily
increased, -

Lysine: The position regarding the
commercial availability and mzsthods of
large scale production of lysine has recent-
ly been reviewed, 0116253 The two
methods of production are biological
synthesis uvsing selected micro-organisms
and by chemical synthesis, The chemical
synthesis yields the recemic mixture dl-
lysine which has only half the activity of

the l-lysine obtained by the biological
process. The present production of 1-lysine
is fairly high and this can bo easily ste-
pped up.

Amino acid supplementation of human ¢ets in
developing countries

The need for amino acid supplemen-
tation of the diets of mdny of the
technically wunderdeveloped  countries
whose populations subsist mostly on
cereals, miilets and roots and tubers such -
as rice, maize, wheat, cassava, sorghum
eic. is clear cut and pressing.!! Since
attempts’*¢ are being made at present io
utilise protein-rich foads of plant origin
such as oilseed meals and legames as
supplements to thé diets of children, the
nutritive value of the proteins of these
foods can be enhanced by the addition of
lysine and methionine.®** The available
data would indicate that the low-quality
low protein diets canbe improved either
by fortification directly with lysine and
methionine or by the incorporation of oil-
seed meals and legumes fortified with
lysine and methjonine.t"22 A brief account
of some of the important studies i3 given
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here. Bressani ef a/** have shown that
lysine supplementaticn caused a marked
jncrease in nitrogen reteation in all of 6
reschool children who had recovered

rom severe protein malnutrition and wege

receiving daily 2g protein/kg body weight
in the form of wheat flour. In some of
the children, the retention approximated
that obtained with milk protein. Rice
et al$s 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
pitrogen retention with lysine supplemen-
tation on intakes of 0.7g and 1.0g protein/
kg/day. This experiment proves that
lysine supplementation of the diet based
entirely on wheat flour will improve
nitrogen retention even in the case of
young adults. Scrimshaw ef al * and
Bressani ef a5’ studied the effects of
supplementation of corn masa diet fed to
young children with lysineand 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 %8
have reported that supplementation of
maize diets consumed by adults on
protein intakes of 0.5 to 1.0g/kg/day with
lysine, tryptophan and iscleucine resulted
in a significant increase in nitrogen reten-
tion. Gomez and associates % reported
that supplementation of corn-bean diet
consumed by preschoo! children with
lysine and tryptophan caused considerable
increase in nitrogen retention. King et al%
and Laughlin ef al 6> have reported that
lysine supplementation of the diets of
growth-retarded Haitian children 6 to 16
years of age increased their growth rate.
Parthasarathy ez al5' found that supple-
nentation of a poor Indian rice diet with

inte, methionine and threonine resulted

n a highly significant increase in the net

protein utilisation in children aged B8-9
ﬁ;ﬂfﬂr:When asimilar rice diet was supple-
nted with methionine fortified soya

ab
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flour, the nittogen retention increased
aloost to the same extent as that observed
with an equivalent amount of milk pro-
teins.6* Parathasarathy et a/® reported that
nitrogen retention in children aged 8-9
years receiving daily 1g. soya bean protein
per kilogram body weight markedly in-
creased on supplementation with methio-
nine. Doraiswamy et g{5*and Parthasarathy
et al % found that supplementation of a
poor Indian rice diet consumed by school
children (8-9 vears) with a protein food
based on 1:1 blend of groundnut flour and
soya flour fortified with lysine and methio-
nine brought about considerable improve-
:l_lent in their growth and nitrogen reten-
ion.

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 bulance in the dietary
proteins can be achieved by fortification
with the limiting amino acids.® A number
of typical examples are given in Table I1I
based on studies with children. An increase
in nitrogen retention means better utilisa-
tion of dietary proteins and an increase in
the amount of body tissue. In the case of
children - bettér 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 lggumes
with lysine and methionine for enhancing
their nutritive value and distribute these
foods for use as supplements to the diets
of weaned infants, young children ard
expectant and nursing mothers.
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Table LI, Effect of amino acid supplementation of certain dietary proteins on the
retention of nitfrogen by children
1
Age Nitrogen | Nitrogen i
Diet and intake retention | Reference
sex - - mg/kig/day | mg/kg/day no.
Wheat diet Boy, 2 years 95 3.0 54
2 montbs
s + lysine (2.4g/16gN) Boy, 2 years 323 39.5 54
: 2 months
Corm-masa diet Boy, 3 years 449 —3.0 55
7 months
» _ + lysine (39g/168N) - Boy, 3 years 450 69.0 56
and tryptophan (1.2g/16gN) - 7 months ‘
Corm-masa diet ’ Boy, 4 years 241 —17.5 57
9 months
w. +lysine (3.9g/16gN) "Boy; 4 years 239 29.5 57
apd tryptophan (1.2g/16gN) " 9 months
Rice diet Girls, 8-9 207 17.6 61
. . _years
s 4+ lysine (3.58/16gN) Gurls, 89 217 50.1 61
methionine {1.2g/16gN) and years -
threonine (0.9g/16gN) ]
Processed soya flonr Girls, 8-9 190 15.1 63
years
.+ + methionine (1.2g/16gN) QGirls, 8-9 200 435 63
years
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