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TABLE VII

Results of Treatment of Patients with Kwashiorkor with Skim Milk and Vegetable Protein Mixture

Diarrhoea

Controlled

(no. of

days)

Rise in Serum Albumin

(gmn./100 cc.)

Diet

Mysore food A

Mysore food B

Mysore food A

Mysore food B

Skimmed milk pow-

der

Cicer arietinum and
skim milk powder

(4:1)

Cicer arietinum and
Phaseolus mungo

(1:1)

Skini milk powder..

Cicer arietinumn

Cicer arietinum plus
rice (1:1.3)

Skim milk powder..

Cases

(no.)

21

31

25

25

28

21

7

26

56

19

49

Disap-
pearance

of Edema
(no. of
days)

4-22

12.5

2-30
13. 1

1-29
5.4

1-11
4.6

1-16
6.6

9-33

19

13-40
28.0

9-37

18.8
4-45

13

4-68

17
3-33

12

Minimum

Weight
Reached

(no. of days)

2-18

7.1

3-21
8.6

1-20
6.4

1-15

6.4

1-20
8.3

2-31

11.7

8-37

20.7

2-23
9.1

10-18

5.8

3-8
5.2

2-18
5.4

Lb. Gain in

Body Weight
after Reaching

Minimum
Weight

(no. of days)

1-30
7-4

1-17

6.1
7-30

16.8
4-30

14.2

6-25

13.8

3-11

6.4

4-10
6.1

0-51

9.5

0-64

14
0-24

7-3

10th

day

2-27 0.14 0.86

7.8

2-16 0.12 0.77
6.3

2-7 0.5 1.42

4.3
2-10 0.6 1.54

4.2

2-12 0.8 1.90
6.4

5-15 0.3 1.22
9.5

.. ... 1.36

8-22 0.76 1.66
15.3

2-13 0.4 1.04

5.7

3-19 0.20 0.63
8.0

2-23 0.75 1.24
10.5

30th day

Srikantia and
Gopalan
1960U

Chaudhuri et

al. (unpub-

lished 1959)

Achar et al.
(unpublished
1959)

Venkatacha-

lam” et al.
1956

NOTE: In columns 3 to 6, the range is given in the upper line and the average in the lower line.

mixtures can be used successfully for treating

protein-depleted animals.

Biologic Value of Pulses in Human Subjects

Observations on the biologic value of pulses

made on human subjects are extremely few.

The figures reported6#{176} for the biologic value of

three pulses are as follows: Cicer arietinum

63.7, Cajanus cajan 61.7, Phaseolus aureus 43.0.

The digestibility of all three was over 90 per

cent.

Basu, Basak and De6’ reported a biologic

value of 67 for a rice and pulse diet and 58 to 63

for a wheat and pulse diet, the amount of

pulse consumed varied between 70 and 100 gm.

per day. Mitra, Verma and Ahmed62 also

found the biologic value of cereal and pulse

mixtures to vary between 54 and 67. The

diet containing rice as the only cereal gave the

highest value, whereas in mixtures with other

cereals the biologic value showed a decrease.

PULSE IN THE TREATMENT OF KWASHIORKOR AND

IN THE FEEDING OF YOUNG CHILDREN

Treatment of Kwashiorkor with Pulse Protein

Treatment of kwashiorkor with vegetable

proteins was first attempted in India at the

Nutrition Research Laboratories, Coonoor, in

the light of the results of treatment with soya

bean mixtures presented by Dean at the CCTA

Conference in Gambia in 1952. Since soya

bean was an uncommon commodity in India,

and as Cicer arietinum had been known to be a
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protein of comparatively high biologic value

among pulse proteins, it was but natural to turn

to this foodstuff as a source of vegetable protein

for the treatment of kwashiorkor.

Venkatachalam et al.63 made a comparative

study in which they treated 124 patients with

kwashiorkor with skim milk and vegetable

protein diets. The diets used by them were as

follows:

Pulse Protein Diet (Diet I) . Cicer arietinum

was soaked overnight and allowed to germinate

for about two days. It was then dried at 70#{176}

to 80#{176}c. The husk and dried sprouts were re-

moved and the pulse ground to flour. To 250

gm. of pulse flour with 100 gm. of ripe peeled

bananas and 70 gm. unrefined sugar, water was

added to make a soft dough and the mixture

autoclaved for fifteen minutes at 15 pounds.

The cooked diet had a steamed cake-like

appearance and was acceptable to children.

Pulse and Cereal Diet (Diet II). 190 gin. of

pulse powder, 250 gm. rice flour plus 3 gm.

sodium chloride and 3 gm. calcium lactate

were mixed with suitable amounts of water and

autoclaved as described.

Skim Milk Diet (Diet III). 142 gm. of dry

skim powder was reconstituted with about 6

volumes of boiling water and sweetened with

28 gm. unrefined sugar. This was fed along

with 225 to 340 gm. bread.

The diets were fed in small quantities at the

beginning, but within a week children could

take the full quota of the diet which provided

about 60 gm. protein and 1,100 to 1,680 calories

per day. The results of treatment, the clinical

description of which has been given in full by

Venktachalam et al.64 are summarised in

Table VII.

The clinical response of these patients to

vegetable proteins was satisfactory as judged

by the various criteria given in the table. It

will be interesting to note that the average

number of days within which diarrhoea was

controlled in patients fed diet z was nearly half

of that in patients fed skim milk. This fact in

itself might be of importance in promoting

favourable clinical response to treatment with

vegetable proteins. Another feature to which

attention has to be drawn, and which is not so

favourable, is the fact that the regeneration of

serum albumin in patients receiving vegetable

protein diets was slower as compared with that

in patients receiving skim milk. The differ-

ences were very marked on the tenth day of

treatment, but had narrowed down by the

thirtieth day, although the values in patients

receiving the vegetable protein regimen were

still lower. The lowest value for regenerated

serum albumin was found with pulse plus rice

mixture.

Dr. Achar at the Institute of Pediatrics,

Madras, has tried a mixture of Cicer arietinum

and skim milk in proportions of 4:1 and also a

mixture of two legumes, viz., Cicer arietinum

and Phaseolus mungo in equal proportions.

While these trials were in progress, Dr. Subrah-

manyan at the Central Food Technological

Research Institute, Mysore, had developed a

low cost protein rich food, the composition of

which is as follows : Mysore food A : roasted

Cicer arietinum, 25 parts ; low fat peanut flour,

74 parts; and dried lucerne powder, 1 part.

Mysore food B : roasted Cicer arietinum, 25

parts; low fat peanut flour, 49 parts ; low fat

sesame flour, 25 parts; and dried lucerne

powder, 1 part.

These mixtures were used for treatment of

kwashiorkor by Srikantia and Gopalan65 in

Coonoor and by Chaudhuri and associates at

the School of Tropical Medicine, Calcutta.

The results obtained by all three groups of in-

vestigators are also summarised in Table vu.

The three sets of observations are not

strictly comparable, but within each set valid

comparisons can be made. The general con-

clusions that can be drawn from these studies

are (1) Cicer arietinum can be used in the treat-

ment of kwashiorkor, the clinical response

being comparable to that obtained with skim

milk, (2) no additional benefit is derived by

adding rice or other pulse to the diet, and (3)

the rate of regeneration of serum albumin in

patients receiving the vegetable protein diets is

slower than that in patients receiving skim

milk. It may also be noted that the diet con-

taining Cicer arietinum was far more acceptable

than those in which either low fat peanut flour

or low fat sesame flour was incorporated.

Further, such incorporation did not result in

any benefit so far as the clinical response to
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TABLE VIII

Average Gains Over One Year Observed in
Supplementary Feeding

Group Supplement No.
Weight

SE. SE.

I Skim milk 36 8.09 ± 0.301 1.66 ± 0.132

mm Bengal gram

skim milk

mixture

III Mysore “food

and

4:i

A’

36

37

7.36

8.36

± 0.330

± 0.381

2.00 ± 0.108

2.10 ± 0.110

NoTE: Between groups m and mm, mm and mim, the gain in height

and weight was significant; between groups i and iii, the gain

in height and weight was not significant.

treatment was concerned. On the other hand,

it had an adverse effect on the regeneration of

serum albumin.

It is evident from these clinical trials that

sick children between the ages of one and three

years can accept and tolerate preparations

made from pulses. There is greater reason to

believe, therefore, that healthy or apparently

healthy children should tolerate such prepara-

tions equally well if not better. In fact, it was

the experience in clinical trials, as mentioned

before, that in general the diarrhoea of kwash-

iorkor was controlled earlier when the patients

consumed pulse-containing diets rather than

skim milk.

Feeding of Apparently Healthy Children

Two different types of feeding trials were

conducted, one in which vegetable protein food

was given as a supplement66 and the other in

which children were given the whole of their

daily food in suitably divided meals. Children

between one and five years of age were the

subjects in both the trials.

Supplementary Feeding. One hundred and

eighty-eight children between six months and

five years of age were fed in two villages near

Madras for a year from October 1956 to

September 1957. The foods used as supple-

ments were (1) a mixture of toasted Cicer

arietinum and skim Inilk (4: 1); (2) Mysore

food A, the composition of which has already

been given; and (3) skim milk. The first two

foods were mixed with some unrefined sugar,

moistened with water and made into soft balls

which were given to the children. Skim milk

was reconstituted with 6 volumes of boiling

water, cooled and fed. Feeding was accom-

plished by the staff of the Nutrition Research

Laboratories at a single sitting. Children

came to the center for the feeding. The attend-

ance, however, varied from day to day. Of a

total 320 feeding days, each child was absent for

a period of ninety days, this absence was not

necessarily continuous, being spread through-

out the period of feeding. The cause of

absenteeism was mainly the absence of an

elderly member of the house to take the child

to the feeding center. Absenteeism due to ill-

ness was not more than 10 per cent of the total.

The foods were acceptable and well tolerated

after a preliminary period of uncertainty and

suspicion.

The quantities of supplementary food given

were adjusted for age so that different amounts

of protein were provided to children in different

age groups, e.g., six months to one year, 7.5

gm. ; one to two years, 10 gm. ; two to three

years, 15 gm. ; and three to five years, 20 gm.

Heights and weights of children under experi-

ment were recorded at the beginning of the trial

and at its terlmnation. Medical personnel

stationed at the site looked after the minor

illnesses of the children in addition to super-

vising the feeding. The results of these trials

are given in Table �Tm.

The results indicate that vegetable protein

mixtures were successful in promoting growth of

children. The mixture of Cicer arietinum and

skim milk gave better results than skim milk

alone, a finding which is difficult to interpret.

One difficulty in the interpretation of supple-

mentary feeding programs is the uncertainty

caused by the possible and varying effect which

the supplement may have on the usual con-

sumption of food by children within the home.

The child itself may eat less at home, or the

mother may consciously reduce its quota be-

cause of its receiving supplementary food else-

where. It was, therefore, decided to conduct

a fresh trial in which the uncertainty caused by

these considerations could be considerably

reduced if not altogether eliminated.

Full Feeding. Comparative feeding trials

with skim milk and pulse proteins in which

children were given all the meals in order to pro-
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vide theln with the full daily quota of proteins

and calories were carried out over a period of

ten months. Three neighbouring villages near

Trichur town in Kerala State were selected

for this experiment. The state is the most

thickly populated region in India with a

population density of over 900 per square mile.

The villages are so close together in some re-

gions of North Kerala that it is often difficult to

know where one ends and the other begins.

The population in the selected villages was

homogenous and the agricultural, socio-

economic and environmental conditions were

similar. Children between one and five years of

age from each village were physically examined,

their heights and weights recorded before

taking them on for feeding. Children in one of

these villages were not fed at the center, they

subsisted on their usual home diets and served

as controls. Medical care and relief were pro-

vided for children in all three villages under

observation.

The menus for all the meals in one village

consisted of rice, pulses and vegetables whereas

in the second village the pulse preparations

were replaced entirely with preparations of skim

milk. The protein and calorie contents of the

diets in the two groups were similar. It was

necessary to incorporate additional vegetable

oil in the skim milk diet to bring the calorie

intake up to the level of the pulse diet.

The proteins and calories in the diet are

shown in Table ix.

Every child received three meals per day ex-

cept on Sundays when no feeding was carried

out. Sweet preparations made from cooked

rice and green gram (Phaseolus aureus) or

cooked rice and reconstituted skim milk

sweetened with unrefined sugar were served for

breakfast. Cooked rice with lightly spiced

soup of pulse (Cajanus cajan) and lightly spiced

cooked vegetables formed the menu for lunch

and the evening meal. Reconstituted skim

milk was lactic-fermented and preparations

made from this with cooked vegetables and rice

formed the constituents of the menu for the

other group. Slight variations in the methods

of preparing pulse, vegetable and skim milk

had to be adopted to remove monotony in the

menus.

TABLE IX

Protein and Calorie Intake of Children umider Feeding
Trial at Trichur

Children
(no.)

Age

(mo )
Protein

(gm.)

.
Calories

�-

Pulse

Group

-��-

.

Skim

�

- -
Control
Group

12-24 20* 650* 12 14 18

25-36 29 970 8 13 27
37-48 33 1060 10 16 15

49-60 38 1260 14 ml 22

* Children at breast in this age group were estimated to re-

ceive 5 gm. protein and :ioo calories from mother’s milk. The
others were given extra food to bring the total intake to 25 gm.

protein and 950 calories.

Food at every meal was distributed with the

help of previously standardized measures. The

quantities of food left over by each child were

also recorded. Children were fed for 240 days

excluding Sundays. Measurement of heights

and weights and clinical examination of all

children were conducted once every two

months.

Very few children were present regularly at

all the meals. Some missed one or two meals

occasionally in the day or regularly for short

periods. The foods as presented were accepted

and tolerated well. The wastage of food was

greater in the youngest age groups, particularly

in the breastfed children. The consumption of

food was better on an average in the group fed

pulse than in the group given skim milk. Al-

though it was expected that these children would

not be fed at home, avarying number of children

did receive occasionally additional food in

their homes, a contingency against which

nothing could be done. This was particularly

true when children absented themselves from

the feeding center for one or more meals during

the day. The cause for absence in general was

similar to that recorded in the supplementary

feeding experiment. The average meal attend-

ance throughout the period of feeding was 65.2

and 64.2 per cent in the pulse and skim milk

groups, respectively.

The observations on heights and weights are

given in Table x.

It will appear from the table that growth in

height and weight was significantly higher in

pulse and skim milk fed groups than in the
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TABLE x
\Veight and Height Gaimis imu Control and in Childremm Fed at the Centre (Trichur, Kerala State India)

Weight Height

Group Children
(no.)

(averages) (averages)

Initial
(kg.)

Final
(kg.)

Gaimi
(kg.)

Initial
(cm,)

Final
(cm.)

Gain
(cmii.)

SE. SE.

Vegetable protein 44 10.40 12.30 1.90 ± 0.10 85.7 91.1 5.4 ± 0.20

Skimmnilk 54 9.74 11.53 1.79±0.08 82.7 89.1 6.4±0.19

Control 82 9.79 11.13 1.34±0.07 83.5 88.1 4.6±0.17

NOTE: Statistical analysis: t value for difference between vegetable group and skim milk group, for weight gain
0.78 (hot significant), for height gain 3.21 (significant); t value for difference between skim milk group amid control,
for weight gain 4.12 (sigmiificant), for height gain 6.75 (significant), t value for difference between vegetable protein
group and control, for weight gain 4.52 (significant), for height gain 3.18 (significant).

control group. Gains in weight in children

receiving rice and pulse protein was not

significantly different from that in children

receiving the rice and skim milk protein. Thus

it will be seen that pulses can be used in feeding

young children with a view to providing the

necessary protein in the diet. It must be ad-

mitted, however, that the type of preparations

used in these trials was not quite suitable for

children under two years of age, the main

defect being the bulk of food which had to be

consumed to provide the necessary amount of

protein.

Clinical examination made at the beginning

and at the end of the trial has given equivocal

results. One or two features revealed in these

examinations would require comment. The

number of children with discoloured hair re-

mained almost the same, although those

showing sparseness of hair were less at the end

of the experiment. There were seven chil-

dren ingesting the pulse diet and ten the

skim milk diet with enlarged livers at the be-

ginning of the trial, the numbers were five and

eight, respectively, - at the end. These were

made up of two and four new cases appearing in

the two groups. A somewhat similar situation

was found in the control group. It is difficult to

explain the significance of these findings.

There were a few cases of xerosis conjunc-

tivae, Bitot’s spots and angular stomatitis

in all the groups; these were not materially

affected by feeding. In some of these chil-

dren the signs regressed, but this was off-

set by their appearance in children who did

not show them at the beginning. Since the

diets did not contain any vitamin supplements,

this might have been expected. What is more

important, however, is to realise that rice and

pulse diets may have to be strengthened with

other foodstuffs which will provide adequate

amounts of vitamins to prevent these defi-

ciencies from occurring. It is noteworthy that

in the control group three children with angular

stomatitis showed spontaneous regression of

the lesion, but that the lesion appeared in

seventeen other children in the course of ten

months of observation. This number is, of

course, much greater than that observed in the

other two groups.

CONCLUSION

Information on pulses and beans presented

herein should make it clear that these food-

stuffs possess great potentialities not only for

augmenting food supplies for human consump-

tion in general but also for their use in the pre-

vention of protein malnutrition. These food-

stuffs as a class are fairly rich in protein com-

pared to most others of vegetable origin. In

most countries grain legumes are being used in

daily diets to a varying extent and in different

forms. The nutritive value of these proteins

varies a great deal no doubt. In general they

seem to be better suited for maintenance pur-

poses than for growth. However, as some
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work on pulses shows (see sections on Nutritive

Value of Legume Proteins and Pulse in the

Treatment of Kwashiorkor and in the Feeding

in Young Children) they can, when fed together

with cereals, to a large extent supply the needs of

young animals for growth and maintenance of

haemoglobin and plasma protein levels and by

inference the integrity of tissue proteins as well.

Their capacity to regenerate blood proteins in

protein-depleted animals has been demon-

strated. Admittedly much of the work re-

ferred to deals with pulses. It would be nec-

essary to extend similar or even more extensive

observations to other legumes before recom-

mending their use on a wide scale. The

presence of toxic substances is an obstacle

which limits the use of a few legumes, although

people seem to know and utilise some methods

for removing the toxic substances before use.

There does not seem to be much difficulty in

using pulses and other legumes in the diets of

school children, adolescents and adults. Even

children between three and five years of age

can, since they consume food intended for

adults, take and tolerate sufficient amounts of

well cooked pulses in their diets. The problem

of feeding infants and younger children, how-

ever, requires closer attention with a view to de-

veloping preparations which, as has been

mentioned before, can be consumed with im-

punity by children belonging to this age group.

Certain traditions, superstitions and taboos

also might stand in the way of wider use of

pulses in the diet of younger children. This

will pose an educational problem which will

have to be tackled by suitable methods in

nutrition education. Processing of legumes as

it would influence their nutritive value and

make them nutritionally more desirable is

another aspect which also deserves some con-

sideration by food technologists.

The most important step to be urgently

taken would appear to be an increase in the

production of edible grain legumes in the

tropics and subtropics. In certain countries,

increased acreage could be brought under

locally suitable legumes. In others, scientific

methods could be utilised to increase the per

acre yield of the legume crops. Further nutri-

tional investigations should indicate the de-

sirable types which should be cultivated and

used for human consumption.
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