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DNTRODUCTION

Rice is the most important staple cereal of the world, simce it
is the basic ingredient of the daily diet for more than half the human
race., It forms a major source of calories as well as an important source
of proteins in the diet,

In a poor country like India, for nearly 2L0 out of the 400 million
psople, polished rice forms the bulk of the diet consuwmed in southern
Indis, Orissa, Bihar, Bengal, Assam and Kashmir. Rios in a way is the
national food, as more people in India live on it than all the other
cereals put together., Except for the richer classes, the bulk of the
southern and central Indian population lives almost exclusively on rice
(Massni, 'Lh).

A typical sowth Indian rice diet is one of the poorest diets in
the world. It iz essentially a carbohydrate diet with gross deficisn-
cies in proteins, minerals, and vitaming (Subralmanyan and Sur, ‘49).

In this diet, polished rice furnishes about 60 per cent of the total
calories and protein., The rest of the protein is supplied mostly by
vegetable sources. Though mutton and other forms of meat are rich sources
of protein, they rarely are an impartant article in the diet of the mass
of the people as evidenced by table 1. Thus it is evident that most of
t«hg proteins in ths Indian diet are supplied by the cersals and pulses,
largely dhals and grams, partly due to inadequate food supplies and
partly due to religiocus restrictions.

Rice protein is of the best quality of the gereal grains, and has
higher biological value than a number of gther cereal proteins for the



TABLE 1

ESTIMATED AVAILABILITY OF DIFFERENT FOOD~-STUFFS AS COMPARED
TO TRE FEQUIREMENTS OF A BALANCED DIETL

(ounces per adult consumption unit per day)

i e ) e o M B oA SRR

Bstimatad

‘ avallability

Food stuffs Balanged diet (1955-56)
Cereals 14.0 1.7
Pulses 3.0 206
leafy vegetables L.0) 2.6
Other vegetables 6.0)
Ghee and

vegetable oils 2.0 0.39
Milk and milk

p’l‘m.“ 10.0 hqs
Meat, fish and eggs L.0 0.4
Fruits . 3.0 1.0
Sugar and Jaggery 2,0 1.6

Total calories 3089 2238

1gwaminathan and Bhagawan, '59,
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humsns, although the content of several essential amino acids is bdelow
that of animal proteins., However, the level of protein in rice is so
low that it is not possible to raise protein inteke to adequate levels
through increased consumption of rice alone., Thus malnutrition, particu-
larly protein deficiency, forms one of the main problemes in many of the
rice-sating countriea in south and southeast Asia,

The problem in India now is to raise the level of protein in the
diet, by including in the diet other foods, with high protein content
and with amino acid patterns which supplement those of rice without in-
trodueing serious imbalances; at the same time, the food included should
be such that its price is within the limited resources of the people as
well as acceptable to the vegetarians., At present, in India as in other
parts of the world, the valus of groundmt or peamut as a protein-rich
food is widely recognigsed and various scientific studies are being under-
taken by the Govemment to incorporate groundmut into the daily diet of
the population in a variety of acceptable and economical forms. Ground-
nut has a high protein content, is abundantly amxd! economically grown in
India and accepted by the people as a component in their native diets.
However, further information is needed regarding the supplementary value
of groundnut or peanut in polished rice diets.

The purpose of the present experiment was to determine the influ~
encs on growth and protein efficiency ratioc for rats, of the supplementa-
tion of polished rice dieta with ground peanuts and with essential amino
scids to meet the FAO reference pattern. Diets were designed in whieh

the protein was supplied by 85 per cent polished rice alone; S.1 per cent
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of polished rice was replaced by ground peanuts; 10.5 per cent of polished
rice was replaced by ground peanutsj 85 per cent polished rice was sup-
plemented with essential smino acids to meet the FAO provisional pattern;
and, each of the peanut~rice diets was supplemented with essential amino
acids to meet the FAO provisional pattern proposed for human diets. Such
animal studies as this afford a basis for work directed toward improve-

ment of the nutrition of a population.



REVIEW CF LITERATURE

Rice forms a major source of calories and proteins for more than
half zthe world's population. In India, as in other Asian countries, rice
forms the staple fcod of the people, FPolished rice furnishes more than
60 per cent of total calories and proteins, and other foods, especially
those of anﬁal origin, are eaten in relatively emall amounts.

The efficiency with which dietary protein is utilized for building
body protein is determined by the pattern of the indispenssble amino acids
absorbed into the body, and the pattern of amino acids absorbed is in twn
dependent upon the chemical composition of the distary protein and its
digestion into amino acids in the gastro-intestinal tract, When we con-
sider the proteins in rice, it is found that the deficiency i1s not so much
in the quality of the proteins as in the quantity, The smino acid pattern
of a rice diet is fairly good, but the total amount of protein consumed
on this diet is only half the recammgnded intaks for humans. The quality
of proteins of polished rice seemed to be superior to that of wheat, corn,
oats or rye, for the growth of rats, even though the quantity or the per-
centage of nitrogen was low. Net protein utilization of polished rice
determined in nitrogen balance studies on rats was 75.1 per cent when fed
in diets containing only 5 per cent protein (Sure and House, 'L8).

¥Many attempts have been made in different parts of the world to
improve the rice dieta. The use of vegetable proteins, particularly those
of legumes, as supplements has been investigated. The reports reviewed
in this paper deal mainly with the composition and growth promoting value
of rice protein, peanut protein, and the supplementary value of peanut



proteins, together with the review of studies made on the protein and
amipo acid supplementation of rice diets.

Various studies have been done on the composition of polished rice.
From the hydrolysis of the rice kmmel, the chief protein of rice endo-

- gsperm is found to be orysenin. In its general amino acid make up, the
protein of the rice kernel more mearly resembles the majority of the pro-
teins of animal tissues than do the proteins of maige or wheat (Osborne

et al., '15). They suggested that this may explain the extensive use of
rice as an almost exclusive diet in spite of its low protein content.

Kik ('42b) found the biological value }o‘r polished rice, fed at a 5 per cent
level in the diet, to be 66.7 and digestibility 98 per cent for rats. He
als> found that polished rice mseded fortification with vitamins A and D,
minerals, proteins and vitamin B complex to promote good growth in elbino
rats.

Hydrolysis of polished rice protein yielded a relatively large
amount of each of the basic amino acids, arginine, histidine and lysine,
as coxpared to the proteins of wheat or maize (Osborne et al., '15). Kik
(t42a) anslysed polished rice for cystine, tryptophan, lysine, arginine
and histidine. He found that polished rice was not lacking in cystins or
lysines the levels were low as compared to casein and wheat. But trypto-
phan, arginine and histidine content campared favorably with the amocunts
found in wheat and corn. In an earlier study, Kik ('L40) showed that
ocystine, methionine and lysine supplemented the proteins of whole or
polished rice rations in promoting rat growth to a slizht but statistically
significant extent. HNeither tryptophan nor leucine had any beneficial

effact.,
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Osborne and Mendel ('18) determined that when a concentrate from
polished rice formed the sole source of protein in the diet, supplying
16-17 per cent of protein, rats grew well, indicating that the proteins
supplied all of the essential amino acids for growth in contrast with
maize and oats. In experiments with rats, Mitchell ('2Lb) demonstrated
that in diets oontaining 5 per cent protein, the proteins in whole brown
rice were superior to those in coran and oats, the biological valuss
being 86.1 per cent for rice as compared to 78.6 per cent for oats and
72.0 per cent for corn.

Similar studies by Sure and House ('L8) on the biological values
of whole and milled cereal grains fed at a 5 per cent protein levsl in
the diet indicated that whole rice had a highsr biological value than
wheat, rys and ecorn, the valuss being 85.1, 83.0, and 8.7 per cent re-
spectively. Deteminations made on milled products gave somevhat lower
results, the values being 79.0, 63.5, 69.7 and 36.2 per cent respactively.
On diets conteining L.5 per cent protein, Jones et al. ('LB) found polished
rice tc be superior for rat growth to brown rice, soft wheat or yellow
corn, the protein efficiency ratios being 2.22, 1.92, 1.7k and 1.42, re-
speotively.

Sure ('L6a) reported that on the same protein level in the ration,
proteins in polished rice proved to be superior to those in enriched wheat
flour, In experimsnts with rats fed ratione containing 5.8 per cent pro-
tein, polished rice had a protein efficiency ratio of 1.86 compared to 0.72
for enriched wheat flour. Rats on the polished rice diet gained almost )

times as much as those on the diet containing enriched wheat flour.
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Efficiency of the proteins in polished rice was 158 per cent greater than
that of the proteins of wheat flour. The superiority of the biological
value of rice for humans when rics constituted the sole source of protein,
as compared to mixtures of rice and wheat, or rice, whest and pulses, was
demonstrated by HMitra et al. ('Li8). The mean biological valus of the
rice diet was 66.6 per cent in contrast to 55.1 for a rice and wheat diet,
59.8 for rice, wheat and barley, 56.8 for rice, wheat and maize, Sh.l for
rice, wheat and junera, 60.2 for rice, wheat and merococa, and 57.k for
rice, wheat and bajra.

Two globulins have been isolated from peanuts, arachin and conarchin.
These contain a high percentage of basic nitrogen compared with other pro-
teins used commonly. Arachin contains 4.96 and conarchin 6.55 per cent
of basic nitrogen, the latter being the highest percentage of basic nitro-
gen recorded for any seed protein (Johns and Jones, '16-~'17), Peanut
kernel contains apprecieble amocunts of all of the nutritionally essential
smino acids (Kulken and Iyman, '48). This is in agreement with the earlier
work of Johns and Jones (*17) who analysed the globulins of the peanuts
and found that thpy comtained the basic amino acide arginine, histidine,
lysine and oyatine., Chemical snalysis of arachin showed that it was rela-
tively rich in lysine and tryptophan and several other emino acids essen-
tial for growth and maintenance (Holmes, '13).

But feeding experiments with rats have shown that arachin is defi-
cient in tryptophan and methionine and also a third factor, possibly iso-
leucine (Kuiken and Lyman, '48). This is supperted by Beach and White
(*37) who analysed arschin and found the methionine content to be as low



as 0.5 per cent of the protein., Hence, methionine appears to be the
limiting amino acid in arachin. However, it has been found from experi-
ments with lsboratory animals that when peanut proteins or conarachin
wers employed as sole source of proteins in an otherwise adequate diet,
they supported satisfactory growth (Holmes, ‘18; Kuiken and Lyman, 'L48).

The relatively high percentage of lyeine in the proteins of the
peanut, which approaches the lysine content of muscle of different animals,
indicates that this seed might be uged to advantage in supplementing diets
deficient in lysine (Johns and Jomes, '17). The authors suggested that
peanut cake would be highly effective as a supplement for diets of cereals
and other seeds deficient in the basic eminc acids. In addition, the
proteins of raw peanuts are of high nutritive value, nearly equal to
those of milk, meat and eggs (Payne, '42), It has been confirmed by
many investigators that whole defatted peanut kernel, total peamut pro-
tein or total peanut globulin is approximately equivalent to casein in
promoting growth of animals (Kuiken and Lyman, 'L8).

Peanut proteins are well tolerated by the human body and very well
digested (Holmes, '18). The coefficient of digestibility of unrcasted
peanuts was found to be 93 in human subjects. The average availability
of the eseential amino acids of peanut flour was 97.7 per cent in white
rats (Kuiken and Lyman, 'L8).

It is now possible to manufacture pesnut flowr from peanuts which
can be used for human consumption. Peanut flour is a defatted product of
peanuts. After the whole peanuts are reduced into oil and cale, the cake
is converted into peanut flour. Peanut flowr is a high quality, easily
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digestible, protein concentrats of comparatively low cost (Payne, 'L2).
Studies by Jones ('Lh) and Jones and Bivine ('LY) indicate that peanut
flour offers a source of a very good dietary protein for extending and
partially replacing protein foods of animal origin., Its value is further
stressed by Daniels and Loughlin ('18) who showed that normal growth and
reproduction could be obtainsd in rats fed purified diets in which the
sole source of protein was supplied at a 15-18 per cent level by peanut
real,

From amino acid analyees, peanut meal is found to be deficient in
lysine and methionine and possibly in threonine and tryptophan. Growth
studies in chicks indicated that peanut meal is primarily deficient in
methionine and slightly low in lysine. Young chicks were fed dists in
which all the protein was provided by psanut meal concentrates. Then,
additions of various amino acids were made and effects on growth and effi-
olency of gain were noted., When the basal dist was supplementied with the
L4 smino acids, lysine, methionine, threonins and tryptophan, growth rate
was found to be 6,9 per cent. When lysine was cmitted, growth rate de-
creased to 5,5 per cent but when methionine was omitted the growth rate
came down to 2,7. Omission of threonine and tryptephan had no effect
(Orau, ’h6?. Further evidence is given by Sure ('55a) who showed that
supplerentation of the proteins in peanut flour with 0.5 per cent DL-
metiionine and 0.5 per cent Dl-threonine was followed by 60.6 per cent
increase in body weight and 61.5 per cent increase in protein efficiency
ratio in albino rats fed a ration containing the peanut flour as the

source of protein at a 9 per cant level.
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Nevertheless, peanut flour is a concentrated source of high quality
protein that can be used effectively to improve the protein quality of
other foods, mainly cereals. Eddy and Eckman ('23) made a study to com-
pare the protein-gupplementing power of peanut flour with that of muscle
protein by feeding raticns so constituted as to comtain only about 10 per
cent of protein, 6-7 per cent of this protein being contributed by wheat
flour and the rest by peanut flour or meat residue. Peanut flour pro-
moted alightly better growth than meat and proved markedly superior for
promo ting reproduction in rats.

In some respeots, the plant proteins of soybeans, peanuts and
cottonseed compare favorably with milk proteins, whioh are generally re-
garded as mong the best (Jones and Divine, 'LlL). The growth promoting
valuss of soybean, peamut, and oottonseed flours were compared by the rat
growth method., When peanut flour was fed at a 9 per cent protein level
in the diet, average weight gain of rate was 75 gm, which was the lowest
obtained with the oil-gesd flours, at that protein level. However, when
fed at a protein level of 15 per oent in the diet, the corresponding gain
in weight was 158 gm, comparable to that produced by the other oil-seed
flours. Gain in weight was very nearly that obteined with skim milk
powder at the same level, 155 gm, Peanut meal has proved a valusble
source of protein for supplementing the protein of corn. Zein, one of
the chief protsins of corn, is deficient in lymine, tryptophan and cystine,
while these emino acids are well provided in the total proteins of the
peannt. A mixture of 25 parts of peanut flour and 75 parts of yellow
corn meal, containing 12-15 per cent of protein, has been found to
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fumish proteins adequate for the normal growth in albino rats fed an
otherwise adequate diet. When the protein level was reduced to 7.2 per
cent, with portions of peanute and oorn the same, this mixture promoted
better growth than when corn alone furnished the same level of protein,
protein efficiency being 1.23 and 0.73, respectively. Compared with the
supplemsntary value of dried food yeasts, soybean flour, dried non-fat
milk solids, and dried butter-milk, peanut meal proved the least satis-
factory supplemsnt to both milled white corn meal and ailled enriched
vheat flour (Sure, 'Lfb).

As early as 1917, it was discovered that a mixture of 75 per cent
of wheat flour and 25 per cent of peanut flowr made an excellent bread.
Such a bread had a higher protein content and contained much more lysine
than bread from wheat alone {Johns and Jones, '17). Later, in 1920, a
patent was issued on a bread made from 58 per cent of white wheat flowr
and 23 per cent of peanut flour, with butter, salt mixture and yeast.
Rats fed this bread showed nomal growth as against poor growth from
bread made in a similar manner from white flour (Payne, 'L2). Bread made
with 75 parts of wheat flour and 25 parts of peanut flour together with
a suitable salt mixture and butterfat supplied adequate protein and water
solubls vitamins for mormal growth in aldbino rats (Jobns and Finks, '20;
Johns et al., '27). With just 15 parts of peanut flour and 85 parts of
wheat flowr, animals grew at very nearly the normal rate. Proteins in
peanut bread were utilised nearly twice as well for growth as those con-
tained in wheat bread. Excellent growth of rats was obtained on a diet

containing 10 per cent proteins derived from 25 per cent peanut bread,
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in contrast with poorer growth on an enriched wheat bread diet which also
provided 10 per cent of proteins. A mixture of wheat and peanut flour
furmished more efficient proteins for growth than those of wheat flour
alone (Johna and Finks, '20).

Lal and Rajagopalan ('53) studied the effect of mutuael supplementa-
" tion in mixtures of several plant oil-cakes on the bilological valuss for
the rat. Two mixtures had reasonadbly high bilological values: 70 per cent
for a mixture of S5 parts groundnut and 20 of cottonseed oil-cake with
25 parts of wheat; and 72.5 per cent for a mixture containing 60 parts
groundnut, 20 of soybean and 20 of sesame oil-cake. The net protein
values of these mixtures, 30.13 and 33.88, compare favorably with the
values for animal proteins and are considerably higher than those of com-
monly used cereals and pulses.

Peanut butter produced by grinding peanute into a paste has long
been used as a food in Spain, Rhodesia, and India (Rosen, 'S58). In Nigeria,
dried biscuits made fnm a mi;xtun of peanut and maize flour are given to
children. In India, groundnut milk has been developed during the last
decade to provide more and better food for the increasing population
(Moorjani and Subrahmanyan, '50).

As early as 1917, Wallis evolved a food called "Nutramine” to be
used with cersal flours for bread, biscuilts, and other forms of human
food. The preparation contained 84 per cent of groundmut meal, 1l per
cent of dried milk sand two per cent bicarbonate of soda. This flour was
found to keep well and was considered a good supplement for cereal flour

in bread and biscuits, and in soup or with hot milk as an invalid food
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(Giri, 'S2). The introduction of Nutramine can be considered the stepping
stane for the later developments undertaken in India towards the incor-
poration of groundnuts in various acceptable forms into the diet.

In India, the A1l India Institute of Sciende, Bangalore, and Cen-
tral Food Technological Research Institute, Mysore, recsntly undsrtook a
Joint.’ attempt to make a high-protein food with peanut flour that gsm be
used to improve any poor diet. In this food the groundmut flour is mixed
with roasted Bengsl gram and roasted black gram, and the flavor is said
to be excellent. The Bangalore Institute also has developed a "multi-
purpose food® from a groundnut-cake flour, sesame-sesd-cake flour, soy-

.bean flour, wheat flour, tapioca and salt, which has proved to be an
acceptable addition to the dists of children (Dean, '58). The Central
Food Technological Roioarch Institute, Mysore, has perfected a prepara~
tion which includes pesnut flour, and roasted grain flour with minerals
and vitamins sdded (Food and Agriculture Organization, '56).

Groundnuts or peanuts are being used in the manufacture of a number
of highly nutritious products like groundnut butter, groundnut rilk, pre-
digested protein foods and synthetic rice graina in which one of the
important ingredients used ias groundnut-calee flour. The synthetio rice
grains have more or less the sams chamical compoaition and are somewhat
superior to natural rice (Giri, '52).

Since all cereal grains have the double disadventage of a rela-
tively low protein content and a poor protein quality, dus to deficiency
of several of the essential amino acids, these disadvantages can be cor-
rected only by combining cereal grains with foods of higher protein



15
concentration which provide essential amino acids in proper proportions
to correct the deficiensies in the cers=al. The inclusion of vegetable
protein mixtures for humsn feeding involves the combination of cereal
grains with such foods which will incregse the quality and the quantity
of the protein in the diet (Sorimshaw and Bressani, '60). Foods osn be
improved in protein quality either by supplementing with additional sources
of proteins or with essential anino acids and the most desirable is a
suitadle combination of these two methods (Roserberg, '59).

Various studies have besn dors on improving the protein quality of
polished rice either by supplementing with protein-rich foods or with pure
amino acide. Sure ('L6b; 'L7) studied the mutritional improvement of
polished rice with additions of small amounts of food ysast, brswer's yeast
and soydean. In a later study ('S57) he investigated the influsnce on growth
and protein efficiency in rats of adding fish flour at one, three and 5
per cent levels to polished rice. Increases in body weight of 132.6 and
151.0 gn were obtained at the three and 5 per cent levels, respectively as
compared to 90.6 with one per cent fish flour. Protein efficlensy was lees,
however, in the diet containing 5 per cent fieh msal, 2.39 as compared to
2.51 for the diets having less fieh meal.

Kik ('S6) used dried ocean peroch fillets as supplements to milled
rice at one, three and 5 per cent levels, keeping the protein content at
5.27 per cent, and studied the effect on growth of albino rats. At the
ons and three per cent levels body weights increased by 111 per cent and
protein efficiency ratios by 52.9 and 65.7 per cent, respectively. Weight
increase and efficiency of utilization were both lesa at the 5 per cent



level, avermge increasss being 100 and 49.4 per cent.

Subrahmanyan et al. ('5h) studied the effest on growth of rats of
replacing rice to the extent of 25 per cent by taploca flour, sweet potato
flour, a mixture of sweet potato flour and groundnut-cake flour (Lsl),
and a mixture of tapioca flour and groundrmut-cake flour (L:l). The in-
corporation of groundnut-cake flour together with tuber flours as a
partial subsatitute for rice resulted in an improvement in the overall
mitritive valus of the diet. The incorporation of groundnut-cake flour
together with tapioeca flour produced an aversge weekly weight gain of
9,05 gm and with sweet potato flour of 9.55 gm, as compared to the plain
milled rice diet which allowed an average weekly gain of 4.92 ga. When
Just tuber flours were substituted for rice, the gains were 7.23 and 6.22
gm for tapioca flour and sweet potato, respectively.

Many investigations have been made on the improvement of the rice
diet by supplementation with amino acids. Rosenberg ('59) suggested that
a protein should be supplied with its first limiting amino acid in such
an amount as to obtain balance of the first limiting amino acid with the
second to provide the two in the ratio in which the body needs them for
protein synthesis. If this plan is followed and all other essential
nutrients are provided in adequate amounta, a distinct improvemsnt in
protein quality should be expected. So proper amino acid supplementation
might stretch considersbly the world's protein supply.

Rosenberg and Culik ('57) suggested that the protein quality of
white rice can be significantly improved by the addition of lysine, the

first limiting amino acid, in amounts sufficient to bring this amino acid
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in balance with the second limiting amino acid. In 5 experiments, male
and female weanling rats were fed diets containing 90 per cent precooisd
polished rics supplemented with graded amounts of L-lysine hydrochloride.
Substantial improvement in growth rate and in efficiency of food utiliza-
tion were obtained with 0.05 - 0.10 per cent of L-lysine hydrochloride
supplementation,

Pecora and Hundley ('51) demonstrated that highly significant im-
provement of natural rice protein was accomplished by the addition of two
essential amino acids, lysine and threonine, to polished rice. This com-
bination produced a growth response in white rats three times that ob-
‘dained with an unsupplemented rice diet, the averages being 28.0 and 9.2
gn per week, rmgpectively. But when the rice diet containing lyeine and
threonine was further supplemented with all the other essential amino
acids, individually or with all the possible cambinations of pairs,
growth was not improved.

These results indicated that lysine and threonine are ths most
deficient amino acide in rice and that they are about equally limiting
for rat growth. This was stressed further by the study of Kik ('56)
vhere he fed albino rats whole and milled rice rations containing 5.59
per cent protein, with and without a supplement of 0.2 per cent L-lysins,
0.2 per cent Dl-threonine and 0.1 hg vitamin B,, daily. Rats fed rice
diets containing the amino acids and vitamin 812 showed better growth
and utilisation of the protein than those on the unsupplemented rice
diete. The protein efficiency and net utilisation of supplemented whols
rice were 2,79 and 90.4 per cent against 1.91 and 84.6 per cent for
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unsupplemented whole ricej the protein efficiency and net utilization
of supplemented polished rice wers 3.12 and 93,4 per cent compared to
1,72 and 59.5 per cent with polished rice alone. The author explained
the results on the basis that there were smmaller losses of nitrogen dur~
ing digestion and metabolism of ths supplemented diets, and hence better
grovth of the rate.

Si{milar results were cbtained by Mosenberg et al. ('S59) when they
fed male white rats precooked rice diets supplemented with graded amounts
of lysins and threonins, Fourteen different levsls of lysina were tested
in various combinations with 7 different levels of threonine. Best per-
formance in the growth of rats was observed when 0.3L per cent lysine and
0.18 per cent threonine were added to the rice diet.

Sure ('55b) went a step furthsr, and suggested from his study on
rats that marked response %o lysine supplsmentation of polished rice was
found only in the presence of threonine and that growth was improved fur-
ther by the addition of methionine. This is in agreement with the view
of Asenjo and Goyco ('54). In another study, Sure (!55¢c) observed that
there was no growth response on the addition of lysine alone as a supple-~
ment to the proteins in polished rice. However when (0.3 per cent DL~
threonine was added along with O.4 per cent L-lysine, thers was 125.1
per cent additionsl growth and £1.9 per cent increase in protein effici-
ency ratio. The further addition of 0.5 per cent Ul-methionins waa
effective in producing an additional increase of 21.1 per cent in body
weight and 27,0 per cent increase in protein efficiency.

Harpsr ot al, ('55) found that growth in rets fed polished rice
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was improved only when both lysine and threonine were included in the
rice diet and that furtber improvemsnt in growth was obtained only when
a mixture of all the essential amino acids was included. Arulanantham
('Sh) suggested that a poor rice diet could be improved by supplementa-
tion with 10 per cent vitamin test casein after the diet was replenished
with nscessary amounts of vitamin A, ribeflavin and calcium.

The FAO Committee on Protein Requirements (Foed and Agriculture
Orgamization, 'S57) has formulated a reference mmino acid pattern for
humans for estimating the nutritive valus of the proteins in foodstuffs
and to serve as a guide in the supplementation of these foodstuffs, one
food with another and with amino acids. This pattern of essential amino
acids was based on the requirements of healthy human adults. The FAO
Committee has expressed the protein requirements in terms of "a protein
of high nuiritive value" defined by putting forward exazples of proteins
which fall into this category like the proteins of milk, eggs, and meat.
The provisional amino a¢id pattern put forward by the FAC does not cor-
respond precisely to that found in milk and egg protein. However, it cen
be assumed that the hypothetical protein containing amino acids according
to the pattern would be a protein of high biological value falling into
the reference category.

Experiments have been conducted to test the efficiency of the FAO
amino acid reference pattern for growth of the weanling rat (Howe et al.,
'60), Since arginine and histidine are required for the growth of young
rats, but not included in the FAO reference pattern for humans, the

authors included these amino acids in the mixture in the proportions
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found in casein. They ohserved that at a high assential amino acid con-
tent, the FAOQ amino acid reference pattern showed greater efficiency than
an amino acid mixture patterned after casein., At a lower espential amino
scid content, however, the protein efficlencies were equal, but the FAOD
pattern supported much more rapid growth than the mixture patterned after
casein, when the diets were fed ad libitum,

Bressanl et al., ('58) investigated the effect on nitrogen rstention
in children of sepplementation of a corn-mssa dist with amino acids based
on the FAO reference pattern. The basic diet consisted of corn-masa as
the only source of protein, supplying 20 gm of protein per kilogram of
diet. This diet was supplemented stepwise with essential amino aclds to
mateh the amino acid pattem of the FAO reference standsrd and was found
to produce good nitrogen retention by young children, Sorimshaw et al,
(*58) concluded that this attempt to formulate a provisional pattern is
a valusble experimental approach to the problems of smino acid supple-
mentation, even though the reference pattern may not be ideal for all
experimsntal conditions or physiologic states.

The FAQ reference patitern of amino acids has also been success-
fully applied in the supplementation of wheat flour (Bressani et al., '60).
Six children recently recovered from severe protein malnutrition were fed
a vheat diet in which the protein was contributed by both wheat flowr and
wheat gluten. The nitrogen retention of young children improved consider-
ably when the wheat flour was supplemented with essential amino acids in

the proportions of the reference pattern.



PROCEDURE

The present experiment was designed to determine the influsnce
upon growth and efficiency of protein utilization in rats of supplemen-
tation of a rice diet with raw peamuts and essential amino acids. Two
series of emperimental diets wvers used. In the first series, a diet con-
taining 85 per cent polished rice, one in which § per cent of the rice
was replaced by raw peanuts, and a third in which 10 per cent of the
rice was replaced by peanuts, were used. In the second series, the rice
and peanut-rice diets were supplemented with amino acides to provide them
in proportions as nserly identical as possible with the FAO provisional
amino acid pattern.

Diet I contained 85 per cent of polished rice. In diets II and
III, S.1 and 10.5 per cent of ground peanuts replaced equal weights of
rice, The diets were plamned %o contain the peanuts at the 5.0 and 10.0
per oent level., An error in the amount of starch used in equalizing the
fat content of the three diets produced ameall but unimportant increases
in the percentage composition of diets II and III over the basic dist I,
8ince peanuts contain Lk.L per cent fat and polished rice a negligible
amount (‘rayior, '59), the latter was disregarded in equalizing the levels
of fat. Peanut oil was added to dists I, II and III to provide about 7
per cent fat from peanuts and/or pesnut oil., Cod liver oil (one per
cent) brought the calculated fat content of each diet to approximately
8 per cent. Addition of Osborne and Mendel salt mixture and B-vitamins
minimiged differences in the minersl and vitamin content of the enriched
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polished rice and the peanuts. The composition of the diets is shown in
table 2. In the second series of diets, mixtures of amino acids were
added at the empense of starch to diets I, II and III to give diets Ia,
IIa and IITa. These had practically the same percentage composition,
except for essential amipo acids, as the corresponding unswpplemented rice
and peanut-rice diets (table 2),

Calculation of the amounts of amino aoids to be added to provide
the same proportions of essential amino acids as in the FAO provisional
pattern was based on the work of Howe et al, ('60). Thsse authors pre-
pared an amino acid mixture for rat dlets equivalent to the FAO pattemn
for man on the basis that, except for Demethionine, only the L-lscmers
are utilized. When racemic acids were used, the quantity inoorporated
was double the required amount of the Le-isomer. Arginine and histiding,
which are not componsnts of the FAO pattern, were included in the propor-
tions found in casein because of their influence upon growth of young rats.
In the preparation of diets Ia, YIa and IIIa, the amounts of the 10 essen-
tial emino acids in the rice and peanut-rice diets were calculated, to-
gother with the percentages of nitrogen. Protein contents of 7.50 and
26.87 per sent for rice and peanuts (Taylor, '59) and the factor 6.25
for corversion of percentage protein to percentage nitrogen were used.
The quantities of the amino acids corresponding to the FAO pattern at
each level of dietary nitrogen were then determined and the appropriate
amount incorporated in the particular diet (table 3). Leucine and arginine,
present in the unsupplemented diets in excess of the FAO pattern were not

included in the supplsment. The calculated protein and total nitrogen



TABIE 2

COMPOSITION OF THE DIETS

Components Dlet I Diet Ia Dlet I1 2 Dist Ila Diet IIX Diet I1la
(em per 100 gm of diet)
Polished rice 85.00 85,00 81.82 81.82 78.45 78.45
Peanut oil 6.60 6.60 4.50 k.50 2.30 2.30
Cod liver oil 1.00 1.00 1002 1.02 1.05 1.6
0 & M salt mixture L.00 k.00 ls.08 L.09 h.18 h.18
Vitamin mixture 1.00 1.00 1,02 1,02 low 105
Total amino acids - 1.02 e 1.20 -— 1.ko
Corn starch 2oh° 1.38 20&_15 loa. 209 1.11
Total 100,00 100,00 100,00 100.00 100.00 100.00

—— i remesmrent

e
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Vitamin mixture - mg per 100 gm of diet:

Thismine

Riboflavin
Pyridoxine

Calcium pantothsnate
Nicotinic acid

1.00
1.00
1.00
6.00
1.00

Choline chloride 120.00
P-amino bensole

acid 120.00
Inogiteol 30.00
Starch 720.00

€2



TABIE 3

AMINO ACID SUPPLEMENTATION OF DIETS I, II AND III

(gm per 100 gn diet)

SN " WWW
s s —— e e A e S e e e

_ Dist I Liet IX ___Diet IXI
Supple~ Supple- Supple-

Amino scid mont Nitrogen ment Nitrogen ment Nitrogen
IL - Valine 0.18 0.022 0.20 0.024 0.23 0.028
L - Leucine - -~ - - -— -
L - Isoleucine 0.20 0.021 0.25 0.026 0.29 0.031
DL - Methionine 0.05 0.00h 0.06 0.006 0.08 0.008
DL - Threonins 0.1 . 0.016 0.17 0.020 0.19 0,022
DL - Phsnylalanine 0.11 0.009 0O.1h 0.012 0.15 0.012
DL - Tryptophan 0.08 0.011 0.09 0.012 o.11 0.015
L - Lysine. HCl 0.15 0.028 0.16 0.030 0.19 0.035
L - Histidine., HCL  0O.11 0.030 0.13 0.035 0.16 0.043
L - Arginine - - — - -— -
1.02 0.11 1,20 0.265 1.40 0.195

o T — -
m———— ——

U4



25
content of the & diets is shown in table L.

Since polished rice is used generally in India, "Comet®™ brand
polished rice was used. Although this product is fortified with vita-
mins and minerals, it was considorsd as much like the milled rice used
in the Orient as any brand locally available, The rice was purchased at
a Knoxville grocery in two pound bdoxes and used without washing. Peamits
in the shell were hought at tho same stere and shelled before use. Both
rice and peanuts were used without cooking.

The rice and pesarmuts were finely ground in an electric coffee mill,
The grinding of the peanuts was accomplishod without difficulty when some
of the rice meal was first added to the whole peanuts. The stsrch, B-
vitamin mixture, salt mixture and smino acids were added to the rice or
rice and pesnuts, followed by the peanut and cod liver oils iihioh were
worked into the dry mttﬁ‘ to give a homogenecua blend. Each diet was
prepared in adequate quantity for the entire experiment and stored in a
refrigerator, v

Thirty albino :nta,‘h to 5 weeks old, from the Nutrition Department
stock colony at the University of Tennessse were the experimental animals.
They were the young of 5 mothers, und weres distributed with regard to
age, sex and heredity to give 6 matched groups of 5 animals each. Esch
group consisted of two females and three males, with an average weight
of 62,0 - 64,0 gn. The rats were houssd in individual cages, with a tray
below the raised bottom where a sheet of paper was placed to collesot the

spilt food and feces. The diet and tap water were given ad libitum.



CALCULATED PROTEIN AND NITROGEN CONTENT OF THE DIETS

TABIE 4

{gm per 100 ga diet)

Amino Acid

Total

Polished Rice Pearmuts Total
Diet Protein  Nitrogen  Protein  NKitrogen  Nitrogem  protein _ nitrogem
Diet I 6.38 1.02 - - -— 6.38 1.02
Diet Ia 6.38 1.02 - - 0.14 6.38 1.16
Diet IT 6.14 0.98 1.37 0.22 - 7.51 1.20
Diet Ila 6.1h 0.98 1.37  0.22 0.16 7.51 1.36
Dist III 5.88 0.9 .81 0.45 - 8.69 1.39
Diet IITa 5.88 0.9k 2.81 0.L5 0.20 1.59

i

s a—
——

I

8.69
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Weighed smounts of the rations in food jars were placed in the

cages daily exoept Sunday and each rat received a double portion of diet
on Saturday. Every day the left-over food in the jar was weighed and
apilled food recovered to obtain the daily intake of food of each ras.
The paper was replaced svery day and fresh water wae eupplied on alter-
nate daye. The rats were weighed once a week and the weight gain was
noted. The experirent was carrisd on for 10 weeks, at the end of which
the aniumals were saerificed with chloreform.



RESULTS AND DISCUSSION

The most urgent problem to be met in the improvement of the diet
of rice-sating populations is to raise the lsvel of protein. Polished
rice contains lesz than 10 per cent protein although its blological value
exceeds that of many cereals. For this reason, in the present studies on
the influence of peanut and amino acid supplements upon the adequacy for
&t growth of a rice diet, the peanuts were added at the expense of an
equal welght of rice and the amino acids by replacement of starch. The
resulting diets were made isocaloric with the rice diet, but the protein
conmtent varied with the amount of protein-rich peanuts added and the total
amino acid nitrogen with the size of the essential amino acid supplement.
Although variation in nitrogen content of the diets makes interprstation
of growth response more difficult, this type of study seemed prefersble
since it parallels the kind of supplementation necessary in the improve-
ment of cereal diets for human conswaption.

In the interest of clarity, the amino acid or total nitrogen ocon-
vent and the growth response of rats fed rice end peanut-supplemented rice
diets will be considered separately from those receiving the eszentisl
amino acid-supplemented rice and peanut~rics diets. Each group of animalse
has been designated by the number assigned io the diet on which the group
was maintained.

Food consumption, total nitrogen intakes and weight gains of groups
I, II and III are recorded in table 5. Values except food intake are
those obtained for the entire l0-week period during which the animals were
fod ad libitwm., Initially, all rats were approximately the same sisze,



TABLE S

FOOD CONSUMPTION AND WEIGNT GAIN OF RATS FED RICE
AND PEANUT-SYPPLEMENTED RICE DIETS

Diet
filtrogen Witrogen  Rat Food Nitrogen Welight
source content  no. _ intake intake  Tnitfal” Cain
[¢9) gn/day gm/10 weeks on gm/10 weeks
Diet I
Rioce:t  85.0 1.02 1 Tk 5.2l 68.0 70.5
Pearut: 0.0 2 7.6 5.04 62.0 69.5
3 7.8 S.51 6k.0 81.0
L 6.6 h.6% . 62.0 63.5
S 7.1 5.02 55.0 58,5
Av.rls. 703 5006 6202 70.6
Diet II
Rice: 8103 0098 6 8.0 6-61 6900 85.0
Peanut: 5.1 0.22 7 7.8 6.s9 62.0 99.5
. 8 9.2 7.63 55.0 111.5
9 7.6 6.29 64.0 78.0
10 8.0 6.65 63.0 83,
Average 8.1 6.73 62.6 91.5
Diet III
Rice: 78.4 0.9 11 7.2 6.90 60.0 86,0
P‘mﬁl 10.5 Q. 12 703 6.96 58.0 9005
. 13 8.6 8.21 64,0 114.0
1 8.3 T7.99 63.0 105.5
15 Boh 8007 6700 10&.5_-

Average 8.0 7.63 62.Lk 100.1
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the average weights of the three groups being 62, 63 and 62 gmn. During
the first week on the experimental diets food consumption and weight galns
were small and similar, possibly because of adjustment to the low-protein
diets. By the end of the second week the groups fed the peanut-supple-
mented diets II and III had begun to eat slightly more food than group I
receiving the rice diet and showed the beginning of a better growth rate
(fig. 1). Throughout the remainder of the experiment the same pattern
persisted, animals in groups II and III growving at a greater rate than
those in group I, though all growth was clearly suboptimal.

Diet I, with 85 per cent polished rice, contained 1.02 per cent
protein nitrogen (table 5); diets II and III, in which 5.1 and 10.5 per
cent peanuts replaced equal weights of rice, contained 1.20 and 1.39 per
cent nitrogen, respecotively. Since food consumption by groups II and III
also exceeded that in group I, nitrogen intakes of the peanut-fed rats
were significantly greater (table 6). To avold small numbers, total
nitrogen intakes over the 1lO-week period were recordsd rather than intakes
per day. Also for cornvenience, nitrogen instead of protein efficiency
ratios were calculated for comparison of the diets to facilitate compari-
son with amino acid supplemsnted diﬁ.s hﬁr. Although animals in group
III ate slightly less per day, on the average, than those in group II,
total nitrogen intake per rat was greater (P<0.05).

Weight gains of the peanut-fed rats exceeded thet of the grouwp I
animals fed the unsupplsmented rice diet (table 6). Gaina of the group
III rats receiving the maximum amount of peanut supplement and having the

highest nitrogen intake tended to be somewhat greater than those in
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TABLE 6

EFFECT OF PEANUT SUPPLEMENTATION UPON NITROGEN INTAKE,
WEIGHT GAIN AND NITROGEN EFFICIENCY IN RATS
FED RICE DIETS

(10 weeks)

32

1 Nitrogen
Nitrogen e Weight bt A afficiency bt A
Diet intake valus gain value ratio value
gm/rat gn/rat
I 5.08%0.3° 70.61%6.4 13.87%0.48
11 6.73%0.52 91.5%13.7 13.55%1.33
-1 6.070 3.09% 0450
IIX 7.6320.64 100.1°11,.5 13.10%0.52
IXI-II 2.3 1,07 0.71
IXI""I 7 098“ h 099h 2 .MB

3pitterence significant at 5 per cent level.
hDiffommc significant at 1 per cent level.

lpisher "t" test of mean difference (Snsdecor, '50).

2Standard deviation.



33
group II, but individual variations were large in both groups and the
difference in aversge gains was not significant. Although growth in-
creased with nitrogen intake, the nitrogen efficiency ratio decreased
slightly with addition of peanmits to the rice diet. The efficiency of
nitrogen utilization by animals fed the 10.5 per cent peanut dist was
significantly less than by the rice-fed animals (P£0.05) but other dif-
ferences fell within the limits of individual variation. Kevertheless,

a trend toward decrsased efficiency of utilization was evident, suggest~
ing that factors other than nitrogen intake alone influcneed growth re-
sponse on the low=protein diets., The nitregen efficisncy ratio of group
I, 13.87, corresponds to a protein efficiensy ratio of 2.22, which is in
reasonable agreement with ratios of 1,50 to 2.0l obtained by Kik ('60)
in rats fed comparable rice diets.

Sure ('L48b) pointed out that protein efficiency ratio does not al-
ways express solely the weight increase per gram of protein consumed.
So-called protein efficisncy ratios must include ss well gains in body
weight produced by caloric intake. Mitchell ('2,a) suggested that the
gain in body weight per grem of protein consumed cannot be an absolute
measure Of the nutritive efficisncy of the protein, since it depends upon
experimental conditions, psrticularly the sise of the animal, level of
dietary proteins and amount of food consumed relative to body size. Pos-
sibly all of these factore had some influsnos in the studies reported in
this peper.

Since the efficiency of utilization of dietary protein for building
body protein is a function of the pattern of indispenssble amino acids
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absorbed, and the pattern of amino acids absorbed is in turn a funotion
of protein composition and its digestion, the amino acid patterns of
diets I, II and III were compared with the smino acid requirements of
rats reported by Rama Rao et al. ('59). These valuss represent the mini-
me requirements necessary for maximum growth of rats on diets containing
S per cemt casein supplemented with essential amino acids and glyeins to
furnish a total nitrogen level of 1.6 per cent and afford a better basis
for comparison with supplemented rice diets than do the data of Rose ('37),
ocbtained for diets of pure amino acids.

The essential amino acid content of polished rice and of peanuts,
together with Rama Rao's minimum requirements, were calculated as grams
of amino acids per gram of dietary nitrogen for comparison (table 7).
The figures indicate that in rice methionine and lysine levels are far
below minimum requirements and that the threonine and phenylalanine con-
tent is insdequate. The apparently large deficit of methionine, however,
fails to take into account the fairly high cystine content of rice; the
tyrosine in rice supplements the phenylalanine, also. Ilysine is gener-
ally assumed to be the most limiting smino acid in rice, but Pecora and
Hundley (!51) found that supplsmentation of rice diets with both lysine
and threonine was nscessary to materially improve rat growth. The pos-
sibility also exists that at low dietary protein levels any unfaverabdle
ratio of amino acids present may increase the percentage of the most
limiting amino acid required for growth of the animal (Hamer and Kumta,
'59). In polished rice the ratio of leucine:isoleucins, 1.50, exceeds
that in many high quality proteins snd is greater than the ratio of 1.26
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TABIE 7

COMPARISON OF THE AMINO ACID PATTERN OF POLISHED RICE,
PEANUT, AND DIETS I, II AND III WITH THE RAT
REQUIREMENT FOR GROWTH

(gm per gm nitrogen)

Requite- 2
mBent Polished 3
Amino acids for rats rice Peanut® Diet 1 Diet II Diet III

Valine 0.3% 0.39 0.50 0.39 0.1 0.h2
Leucine 0 om oohs 0 ohh Oohe 00)&7 0 oh?
Isoleucine O3k 0.32 0.26 0.32 0.31 0.30
)hthionim 0.30 ) 0.09 000? 0.09 0008 0009
including
cystine
Threonine 0031 0.22 0.18 0.22 0.22 0.21
Phernylalanine 0.h5 0.29 0.34 0.29 0.30 0.31
including
tryosine
Tryptm 0,07 0008 0.12 0.08 0008 0.09
lfﬂm 0056 0.17 0.21 0.17 0.17 0.18
Ristidine 0.13 0.1k 0.13 0.1k 0.1k 0.1l
Arginine - 054 0,66  0.54  0.56 0.58
1

P. B. Rama Rao et al ('59).
2Jones ot al. ('18),

30. L. HoffP‘m ('53).
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found by Rama Rao to represent the requirement of leucine and isoleucine
for rat growth,

In India, the interest in the possible use of peanut products as
supplements in the low-protein rice diet is based on two importent faotors:
peanuts contain about 27 per cent protein as compared to less than 8 in
rice; and, peanuts, which are liked by ths people, can be produced in
quantity at comparatively low cost. Moreover, it has been suggested
(Johns et al., '16~117) that the relatively high percentage of lysine
in peanuts might make the seed of value as a supplement to lysine-~defici-
ent diets., On the basis of grams of amino acid per gram of nitrogen, the
valine and tryptophan oontent of pesnuts is significantly higher than in
rice, and lysine and phenylalanine levels are slightly better (table 7).
Unfortunately, however, the content of threonine and methionine is lower
than in polished rice and the lsucine:iisoleucine ratio is even more un-
favorsble, 1.69 compared to 1,50 in rioe and 1.26 in the amino acid mix-

' ture shown by Rama Rao to meet the growth reguirements of rats.

The essential amino acid content of diets I, II and III was ex-
preased both as grams per gram of nitrogen (table 7) and as percentagses
of the diet (table 8, page 38) in an atdempt to explain the growth re-
spopses of the three groupe during the 10-week period., Diet I (table T)
1ike polished rice alone, furnished only one-third the lysine or methionine
requirement, disregarding the cystine present, supplied inadequate amounts
of threonine and phenylalanine, exceeded the valine requirement and had a
leucine :isoleucins ratio of 1.5, FHats fed this diet grew at a retarded
rate throughout the experiment. Diete II snd III, comtaining 5.1 and 10.5
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per cent peanuts, respectively, had amino acid patterns very similar to
that of diet I. Valine and arginine, already high in the rice diet, were
increased further by peamut supplementation., The lysine, methionine and
threonine levels, per gram of nitrogen, ware unaltered as was the high
leucinetisoleucine ratio. The phenylalanine content of diet III was
higher than that of diet I although still below the minimusz requirement.
Yet the weight gains of groups IT and III were significantly greater than
in group I (table 6, page 32). While ths nitrogen intakes were higher,
also, nitrogen utilization ves less efficlent, and animals in group III
achieved only slightly lerger gains than in group II in spite of signifi-
cantly greater nitrogen con@ption.

These results suggest that while the amino acid pattern of diets
II and III was no more favorable for growth than that of diet I, the in-
crease in the percentage of the limiting amino acids in the diets may have
favored growth either in absolute terms or through lessening the influ-
ence of the unfavorsble leucinesisoleucine ratio. Data in tadle 8 show
that, per 100 gm of food, diets II and IIT furnished 24 and L7 per cent
more lysime and 18 and 32 per cent more threonine, respsctively, than
diet I. Since animals in groups II and III ate more food as well, the
actual intakes of the limiting amino acids were much higher. Whether the
supplementary effect of pearuts was spproaching its maximm at the 5 per
cent dietary level or whather the slightly smaller daily food intake of
the group III animals explains their failure to gain significantly more
weight cannot be stated with certainty. The diffarence in averags food
intake per rat per day was exceedingly small, however, and the latter
possibility seems unlikely.



TAHIE 8

CALCULATED AMINO ACID CONTENT OF THME EXPERIMENTAL DIETS
AND THE FAO REFERENCE AMINO ACID MIXTURE FOR RATS

(em per 100 gm diet)

rot
Amino acid Diet I Diet IT Diet ITI pattern Diet Ia Diet IIa Diet IIIa
Valine 0.40 0.49 0.59 0.542 0.58 0.69 0.82
Leucins 0.k9 0.57 0.65 0.30° 0.49 0.57 0.65
Isoleucine 0.33 0437 0.k2 0.5l3 0.53 0.62 0.1
Methionine 0.09 0.10 0.12 0.142 0.1k 0.16 0.20
Threonine 0622 0.26 0.29 0.362 0.36 0.h3 0.48
Phenylalanine 0.30 0.36 0.43 0.362 o 0.50 0.58
Tryptophan 0.08 0.10 0.13 0.182 0.16 0.19 0.2}
Lyaine 0.17 0.21 0.25 0.353 0.32 0.37 0.kk
Bistidine 0.1k 0.17 0.19 0.273 0.25 0.30 0435
Arginine 0.55 0.67 0.80 0.323 0.55 0.67 0.80

oo oo
es—— ——

Inowe ot al. (160).

2

er—— m——— s —————

DL-form of ths amino acid.
3-form of the amino acid,

g€
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Three other groups of rats, Ia, IIa and IIIs, were maintained dur-
ing the 10-week period on rice and peanut-rice diets supplemsnted with
anino acids to give an essential amino acid composition as nsarly iden-
tical as possible with the FAO provisional pattern preposed for human
diets (Food and Agriculture Organization, '57). Howe et al. ('60) found
such an amino acid mixture plus srginine and histidine supported more
rapid growth of rats fed ad libitum than an emino acid mixture patterned
after casein at the saze low essential amino acid level. The percentages
of amino acids in diet Ia (table 8) were essentially the seme as those
in the FAO reference pattern except for lewcins and arginine which are
present in large proportions in polished rice. In diet Ia, however, the
leucinesisoleucine ratio was reduced to less than 1.0, Addition of amino
acids to the psanut~rice diets II and III was made in the same proporticns
to give dlets Ila and IIXa having the aame essential amino acid composi~
tion per gram of nitrogen as diet Ia but with increasing percentages of
each aold. The calculated percantage composition with respest to essen-
tial amino acids of the 6 diets used in this study is presented in table
8 together with that of a diet representing the FAO reference pattern at
a level of 1.0 per ocent nitrogen. The nitrogen content of diets Is,

IIa snd IIIa is shown in tadble 9.

GUrowth curves of animels in groups Ia, IIa and MI1a are shown in
figure 1 (page 31) slong with those of groups I, II end III. During the
first week on the experimental diets sverage gains in all 6 groupe were al-
most identical. Following adjustment to the diets, gains of the groupe re-
ceiving the three smino acid-supplemented diets began to excsed those of



Lo
TABLE 9

FOOD CONBUMPTION AND WEIGHT GAIN OF RATS FED AMINC ACID-
SUPPLEMENTED DIETS

Diet
¥itrogen ~ Mitrogen Rst  Food  Nitrogen Weight
source content no. intake  intake Tnitial 1'&21::

R | §) gn/day gn/10 weeks ) /10 weexs
Diet Ia
Rice: 85.0 1.02 16 8.9 7-13 5600 12805
Peanutt 0.0 17 8.3 6066 6000 111.0
acids: 1.0 Q. 19 9.3 70117 7200 126.0
. 20 8.1 652 56.0 110,5
A“m. 8 08 7 od‘ 62 oh 122.0
Dist IlIa
Hiﬂ.‘l 8108 0.98 21 7¢h 609? 5700 96-0
Pearut s 5.1 0.22 22 3.3 3025 6ho° 13?00
Amine 23 10,5 9.92 70.0 183.0
acids: 1.2 0,16 2l 9.0 8.53 67.0 Lk, 5
I3 25 10.0 9.6 58,0 173.0
Average 9.1 8.63 62.6 1136.7
Diet Illa
Pesnut: 10,5 0.h5 27 9.7 10.47 55.0 180.0
Amino 28 10.8 11.61 68.0 199.0
acids: loh 0,20 29 9ok 1003h 6500 m9c5
T55 30 102 11,02 60,0 18h.S
Average 9.6 10,50 63.2 166.k

B e e e e e e e



hl
groups I, II and III, a pattern which persisted throughout the remainder
of the experiment. As would be expected, average dally food consumption
by ther animals growing at the more rapid rates was greater also (table
5, page 29, and table 9).

Considering first the relative adequacy for grewth of dists having
an identical pattern of essential amino acids but at different psrcentages
in the diets, average total nitrogen intaies, weight gains and nitrogen
effictiency ratios of groups Ia, IIa and IIla were compered (table 10).
Nitrogen intakes of the groups fed the supplemsnted peamut-rice diets
were significantly higher than that of group la, receiving the amino
acid~-supplemented rice diet. MNoreover, the nitrogen intalee of the group
ITTa animals exceeded that of group IIa amd the alightly larger food econ~-
sumption resulted in a samewhat larger caloric intake, also. In spite
of this, differences in growth were not significant except between groups
Ia and IIls where differences in nitrogen and caloric consumption were at
a maximm, As was true in groups I, II and I, the nitrogen efficiency
ratio decreased with increasing nitrogen intake, but the differences wers
not limmonnt. These results suggest that the peroentages of essential
amino acids in diet la met the growth requiremests of rats receiving 1l.16
per cant dietary nitrogen and thet the amall growth acceleratione found
in groups IIa and IIIs may have bheen the result of greater nitrogen in-
tale alons. The faot that the average final weight of the group IIIa rats
compares favorably with that of animals from the Nutrition colony, of the
same age, fod 18 per cent casein diets and somewhat exceeds average weight
of thogse fed stock dists is another indication of the favorable proportions
in which essential emino acids ocour in the diets having the FAO



TABLE 10

EFFECT OF AMINO ACID SUPPLEMENTATION UPON NITROGEN INTAKE,
WEIGHT GAIN AND RITROGEN EFFICIENCY IN RATS
FED RICE AND PEANUT-RICE DIRT8

(10 wecles)
1 Fitrogen
Nitrogen ne Weight Re efficiency ngh
Diet intake value alin value ratio valu®
ga/rat gbrat
Ia 7.06%0.k3% 122.0%10.7 17.30%0.67
s 8.63%1.1) 146.7234.2 16.81%1.88
ITa-Ia 2.98° 1.54 0.55
IIZs  10.50%1,08 166.4232.0 15.73%1.69
IITe-IIa  2.67° 0.94 0.96
IIIa-Ia 6.67% 2.9, 1.93

lmh-r "th test of mean difference (Snadecor, '50),
23tandard deviation.
3pisterence significant at 5 per cent level,

“mmum li@iﬁcint at 1 per cent lsvel.
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provisional pattern. Diest IIIa contains 1.6 per cent nitrogen, equiva-
lent to only 10 per cent protein.

Nitrogen efficiency ratios obtained in groups Ia, Ila and IIla were
significantly greater than those for growps I, II and III, This camot
have been solely the result of a greater intaks of amino acid nitrogen,
sinoe within the rice and peamit-rice series as well as in the amino scide-
supplemented series of diests efficiency of nitrogen utilization tended to
decrease with increasing lesvel of dietary nitrogen. Average total nitro-
gen consumption of animals in group III (7.63%0.6L4 gm) and in group Ia
(7.04=0.43 gm) was almost identical, ye* average nitrogen sfficiency ratlos
were 13.1020,52 and 17.30%0.67, respectiwely, Clearly, diet Ia was better
utilised for growth than diet III., Comparison of the percentage composi-
tion of the two diets with respect to essential amino acids (tadble 8,
page 38) shous that diet III contains less of the limiting amino acids
threonine and lysine per 100 gm than diet la and has a higher leucine:
isolsucine ratio, Evidently the pattern of essential amino acids in the
10.5 per cent peanut-supplemented rice diet is less favorable for growtb
of rats than the rice diet supplemented with amino scide to approximate
the FAO pattern.

In spite of the important influence of percentages of certain amino
acids in the diste, level of dietary nitrogen was unquestionadbly a factor
for growth. Considering the 6 diets as one series, without regard for
differences in amino acid composition, weight increases during ths 10-
week period were significantly related to total nitrogen intake (P <0.0l1).
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If the growth response and efficiency of nitrogen utilization in
rats may be taken as any indication of the value of diets for human popu-
lations, the results of the work reported in this paper suggest that
supplementation of a rice diet with whole peanuts at a 10 psr cent level
fails to sufficiently increase the percentages of either protein or the
limiting amino acids lysine and threonins. Since massive amino acid
supplementation of human diets is neither economically feasible nor mutri-
tionally desirable, use of a variety of high-protein supplemsnts in addi-
tiorn to peanuts appears toc be necessary if material improvemsnt of rice
diets is to be achieved,



SUMMARY

The experiment reported here was dssigned to study the influence
upon growth and protein efficiency in rats exerted by supplamentation of
a rice diet with raw peanuts and essential amino acids.

Matoched groups of young aldbino rats were maintained for 10 weeka
on two series of diets. In the first series, the dists consisted of a
ration containing 85 per cent polished rice, one in which 5.1 per cent
of the rice was replaced by an equal weight of rew peanuts and a third
in which 10.5 per cent of the rice was replaced by peanute. The diets
were mads isocaloric by adjustment of the fat content with peamut oil,
while the nitrogen content varied with the level of protein~rich peamuts.
In the second series, ths three dists in the first seriss were supple~
mented at the expense of corn starch with essential amino acids to pro-
vide a pattern equivalent at each level of dietary nitrogen to the FAO
provi:ionql pattern for man,

Growth of animals fed the rice and peanut-rice diets was sub-
optimal throughout the 10<«week period. Total nitrogen intake and weight
gains were significantly higher on the peamut-rice diets than on the un~
supplemented rioe diet. Rats fed the 10.5 per cent peanut-rice diet had
greater nitrogen intakes than those on the 5.1 per cent peanut-rice diet
but increase in body weight was only slightly larger. Efficiency of
nitrogen utilization decreased with increasing nitrogen intake in ths
series,

Calculation of the essential amino acid composition per gram of
dietary nitrogen showed that patterns in the three diets were almost
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identical but that the percentages of the essential amino acids increased
with the level of peanuts in the diet. Comparison of the amino acid pat~
terns, expreszsed as grams per gram of nitrogen, with the minimum require-
ments for rat growth in a 5 per cent casein-amino acid diet showed that
the essential amino acid pattern of the three diets was not favorable for
growth, Levels of several emino acids were limiting and the leucine:
isoleucine ratio greatly sxceeded that in the pattern meeting minimm
requirements as well as in many high quality animal proteins.

The improvement in growth rate produced by psanut supplementation
of the rice diet was interpreted to mean that although the amino acid
pattern of the diete was the sams, the greater percentage of the limit-
ing amino acids in the peanut-rice diets favored growth either in abso-
lute terms or through lessening the influense of the unfavorsble lsucine:
isoleucine ratio,

In the amino acid supplemented diets the assential amino acid
pattern was squivalent to the FAC provisional pattern for man exocept for
high levels of arginine and leucine. The leucineiisoleucine ratic was
significantly lower than in the rice and peanut-rice diets. Per gram of
nitrogen, the essential amino acids vers present in the three dists in
the same amounts; as in the unsupplemented rice and psanut-rice diets
the percentage of each aminc acid increased with the amount of peanuts
present.

Growth and nitrogen efficiency ratios of snimals fed these dists
were greater than on any of the unsupplemented rice and peamut~rice diets.

Differences in weight gain were not significant except between the
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supplemented rice and 10 per cent peanut-rice diets where difference in
nitrogen intake was meximm. OGrowth of animals fed the supplemented 10
per cent peamxt-rice diet was comparsble to that of rats fed stock or
18 per cent casein dists although the distary nitrogen wae equivalent
to only 10 per cent protein. Kitrogen efficiency ratios decreased slightly
with incresasing levels of dietary nitrogen but differences were not sig-
nificant,

Weight gains were significamtly related tc total nitrogen intake
when the effect on growth of the 6 diets was oconsidered as a whole.

Results were interpreted to mean that, in the low-protein diets
studied, the pattern as well as the percentage of the essential amino
acids in the diet had a significant effect upon growth and efficiency

of nitrogen utilization,
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