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I .  Food intake and energy expenditure were determined on 500 soldiers drawn from in- 
fantry, artillery and engineer units of the Indian army, for 3 months during winter. 

2. The units were located in two different regions of India at altitudes varying from sea level 
to 2300 m. 

3. The energy requirements were assessed from the actual food intake as well as from energy 
expenditure and from the changes in body-weight and skinfold thickness. 

4. The nutritional adequacy of the diet was assessed from clinical examination and changes 
in blood haemoglobin concentration. 

5 .  The mean energy expenditure was found to be 15.39 MJ (3679 kcal) and on this basis 
the energy requirement was 16.61 MJ (3970 kcal); energy intake was found to be 16.47 MJ 

6. The energy contributed by protein, fat and carbohydrate was 0.115, 0240 and 0.645 of 

7. There was no significant change in body-weight, blood haemoglobin level and skinfold 

(3936 kcall. 

the total intake respectively. 

thickness on this mean daily intake. 

Feeding the Indian army, as with other armies, is the responsibility of the State. 
For accurate planning of the scale of rations, scientific studies are essential to assess 
the requirement of recruits during training and of trained soldiers in barracks and 
during field exercises, as well as under other special conditions. Such studies have 
been made in Western countries from time to time by various workers (Kuhl, Best, 
Berger, Consolazio & Friedmann, 1952; Ryer, Consolazio & Berger, 1954; Widdow- 
son, Edholm & McCance, 1954; Consolazio, Hawkins, Berger, Johnson, Katzanek & 
Skala, 1955 ; Edholm, Fletcher, Widdowson & McCance, 1955 ; Adam, Best, Edholm 
& Wolff, 1957; Adam, Best, Edholm, Fletcher, Lewis & Wolff, 1958, 1959; 
Consolazio, Hawkins, Johnson & Friedmann, 1959; Goldman, 1965 ; Edholm, Adam, 
Healy, Wolff, Goldsmith & Best, 1970). Similar studies have also been done on Indian 
troops to assess their requirements under various operational conditions in the field 
(Malhotra, 1958; Malhotra, Ramaswamy & Ray, 1962; Rai, Dimri & Uthappa, 1966; 
Malhotra, Ramaswamy, Sengupta & Venkataswamy, 1967; Rai, Dimri, Uthappa & 
Sampathkumar, 1967; Verma, Gajapathy & Ghosh, 1967). 

Under field conditions, the troops have to operate in different terrains, climates and 
altitudes and have to do various strenuous duties. These involve digging bunkers and 
defensive positions, attacking ' enemy' positions, long-distance route marches, loading 
and unloading. Accordingly, their energy and nutritional requirements in field areas 
can be expected to be increased. In this paper, the requirement of troops in field areas 
at altitudes below 2730 m are reported. 
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E X P E R I M E N T A L  

Subjects and nature of their work 
The studies were made on 500 soldiers, 300 in the western region and ZOO in the 

eastern region. They belonged to a mixture of classes, e.g. Jats, Sikhs, Maharashtrians, 
Biharis. In  the western region, one company of IOO soldiers was taken from each of 
the three units of infantry, artillery and engineers; in the eastern region, two com- 
panies of infantry were selected for the study, which lasted from the beginning of 
November to the end of January. During this period, the troops were engaged in 
collective training exercises involving route marches, battle courses, maintenance and 
construction of bunkers, trench digging and cleaning of arms and guns. 

Estimation of actual food intake 
This was estimated by recording group intake for each company, consisting of IOO 

subjects, separately for a period of 3 months. Each day, various items of food were 
taken, representing the official scale of rations for the total dining strength of the 
company. Each item of food was weighed before and after cooking to determine the 
ratio, weight before cooking: weight after cooking, so that the amounts of cooked 
items left-over in the kitchen and the plate wastage could be estimated in terms of the 
raw ingredients. The  subjects were allowed to eat ad lib. Provision was made for the 
issue of extra food if and when needed. The  amount of food left-over in the kitchen 
as well as the plate wastage were recorded. The  kitchen wastage of inedible portions, 
e.g. vegetable peelings and roots, in the preparation of food was also noted. The  
amount of vitamin C destroyed during cooking of various vegetables was determined 
by the method of Roe & Kuether (1943). 

The  subjects were told not to eat any food except that provided to them in the mess. 
Because the units were located at a distance from the civilian population, alternative 
food supplies were not readily available. The  actual food intake was estimated from 
the food issued to the cookhouse, wastage of raw, inedible portions of food items in the 
kitchen, quantities of cooked food left-over in the kitchen, and plate wastage. 

Daily activity routine 
In  each unit, ten subjects representing different sections of the company were 

chosen to fill in the ‘time and motion study’ forms (Passmore & Durnin, 1955). For 
these, they were required to keep a fairly accurate, 24 h record of their daily activities 
for 15 d of each month. From the analysis of these records, the time spent by each of 
these subjects in various types of activity during 24 h was calculated. The  mean 
values were taken as representing the activities in which the company was engaged 
during the study period. 

Energy cost of various activities 
The energy cost of most of the tasks which a soldier is required to do had been 

determined earlier (Malhotra, 1958; Malhotra et al. 1962). The values obtained were 
gross energy values and took into account the basal metabolic rate and the specific 
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VOl. 35 Indian troops' energy requirement in training 23 1 
dynamic action of food, as the measurements were made 1-2 h after breakfast or 
lunch. During the present study, the energy cost of a few representative tasks was 
estimated for troops in the western region, and the values obtained were compared 
with those obtained in the earlier study. The results indicated that the values obtained 
earlier could be applied to this study also. In addition, the energy cost of the tasks not 
considered in earlier studies was estimated during this trial using the same technique. 

Body-weight, skinfold thickness and haemoglobin level 
All measurements were made at the start of each study and every z weeks thereafter. 

The body-weight was recorded using an Avery balance (Avery India Limited, India) 
with a sensitivity of 50 g. The skinfold thickness was measured at two positions, 
( a )  over the middle of the triceps, (b )  at the inferior angle of the scapula, using 
Lange's caliper (Cambridge Scientific Industries, USA) with an accuracy of 
rt I mm. Haemoglobin level was determined by Sahli's method (Kolmer, Spaulding 
& Robinson, 1969). 

Clinical examination 
A clinical examination of all the subjects was made at the start of each study and 

periodically thereafter, according to the recommendations of the nutritional survey 
reported by Wilson, Schaefer, Darby, Bridgforth, Pearson, Combs, Leatherwood, 
Greene, Teply, Plough, McGanity, Hand, Kertesz & Woodruff (1964). 

Environmental temperature 
During the study period, in the western region the maximum and minimum 

temperatures were recorded, and in the eastern region dry-bulb and wet-bulb 
temperatures were recorded from 08.00 to 22.00 hours. 

R E S U L T S  

Meteorological conditions 
In the eastern region, the dry-bulb temperature ranged from 10 to 31' and the 

wet-bulb temperature from 8.5 to 26". Although there was no rainfall, the humidity 
was very high, approaching 90% on some days. The troops wore woollen shirts 
during the day and an additional jersey at night. 

In the western region the maximum temperature ranged from 3-3 to 27.5' and the 
minimum from - 5-6 to 15.0'. On certain occasions in this region there was snowfall 
at the stations situated at an altitude of 2300 m. The troops wore jerseys and woollen 
shirts during the day and an additional greatcoat during the night in December and 
January. 

Food intake 
The total food intake and the intake of various items of food for the different 

companies are compared in Table I. The over-all mean energy value of the food 
consumed was found to be 16-47 MJ (3936 kcal) and varied from 16.22 to 16.72 MJ 
(3877 to 3996 kcal) in different companies, the highest being in the engineers' 
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Table I .  Mean intake ( g / d )  of food items included in tlae rations given to soldiers in 
dtjfe'erent units of the Indian army* 

Food items 
Atta (rice) 
Dhal 
Oil (hydrogenated) 
Milk: Powdered 

Fresh (ml) 
Cane sugar 
Meat 
Potatoes 
Onions 
Other vegetables 
Fruit: Citrus 

Tea 
Common salt 

Toffee 
Jam 
Condiments 

Total 

Non-citrus 

(sodium chloride) 

Food energy (MJ(kca1)): 

Range 

Energy 
content 
(kJ/g) 

14'35 
14.64 
37.65 

2.80 
16.61 
6.48 
4'05 

I '63 
0.33 
0.42 

- 

2.01 

- 

- 
- 
- 
8.36 

Western region 
I 

Infantry 

614 
79 
77 
26 

90 
- 

87 
I00 

30  
130 

13  

9 

14 

36 

- 
- 
I 0  

16.36 
(3910) 

Artillery 

627 
86 
63 - 

250 
90 
99 
79 
31 

124 
I 0  
22 

9 

19 - 
- 
I 0  

16.22 
(3877) 

Engineers 

602 
85 
82 

250 
90 

92 
44 

I 26 

16 
9 

18 

- 

I I 0  

22 

- 
- 
I 0  

16.72 
(3996) 

Eastern 
region 

Infantry 

610 
83 
78 - 

250 

90 
78 

I 06 
4 5  

146 
37 
1.5 
9 

17 
0 . 5  
2 

I 0  

16-57 
(3961) 

Mean 

611 
83 
75 

250 
90 
94 
94 

132 

- 

38 

21 
22 

9 

I7 - 
- 
I 0  

16.47 
(3936) 

For details of subjects, see p. 230. 

regiment. There was wide scatter of energy intake on different days, depending on the 
activities of the troops. Whenever they went on cross-country exercises, they had to 
carry packed meals and, therefore, had a lower energy intake. On return also they had 
a comparatively lower intake, due to fatigue. On succeeding days they ate more to 
compensate for this low energy intake. 

Kitchen and plate wastage 
In the standard tables (Director-General, Armed Forces Medical Services, India, 

1968; Indian Council of Medical Research, 1968) we used for the estimation of 
energy and nutrient contents of fresh vegetables, potatoes, onions, fruits, and other 
items which have an inedible portion (kitchen wastage), values are given for the edible 
portion, with separate values for the amount of wastage expected from each of these 
items. 

In the present study, the kitchen wastage of these items was found to be within the 
range indicated in the standard tables. For the other items, e.g. cereals, cane sugar, 
cooking oil, etc. there was practically no wastage, as the cooked food left-over from 
one meal was served at the next meal in a different form. There was, however, some 
plate wastage which varied from company to company. The highest wastage of 2 %  

recorded for the engineers was the result of incorrect baking of chupatties. For the 
other units, plate wastage varied from 0'4 to 0.7 yo (Table 2).  

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


T
ab

le
 2
. 

M
ea

n 
am

ou
nt

 (
g)

 an
d 

en
er

gy
 c

on
te

nt
 (

kJ
(k

ca
1)

) o
f p

la
te

 a
nd

 k
itc

he
n"

 w
as

ta
ge

 o
f f

oo
d 

ite
m

s i
nc

lu
de

d 
in

 th
e 

ra
tio

ns
 

gi
ve

n 
to

 so
ld

ie
rs

 in
 d

tff
ee

re
nt

 u
ni

ts
 o

f 
th

e 
In

di
an

 a
rm

yt
 

W
es

te
rn

 r
eg

io
n 

.A 
7
 

E
as

te
rn

 r
eg

io
n 

r
-
 

In
fa

nt
ry

 
In

fa
nt

ry
 

A
rt

ill
er

y 
E

ng
in

ee
rs

 

Fo
od

 i
te

m
s 

W
ho

le
-w

he
at

 f
lo

ur
 o

r 
ri

ce
 

D
ha

l 
V

eg
et

ab
le

s 
(f

re
sh

) 

T
ot

al
 yo

 To
ta

l e
ne

rg
y 

in
 r

at
io

n 
(1
7.
26
 M

J 

W
as

ta
ge

 o
f 

fo
od

 e
ne

rg
y:

 

(4
12
6 k

ca
l)

/m
an

 p
er

 d
) 

A
m

ou
nt

 
E

ne
rg

y 
A

m
ou

nt
 

E
ne

rg
y 

A
m

ou
nt

 
E

ne
rg

y 
A

m
ou

nt
 

E
ne

rg
y 

of
 w

as
ta

ge
 

co
nt

en
t 

of
 w

as
ta

ge
 

co
nt

en
t 

of
 w

as
ta

ge
 

co
nt

en
t 

o
f w

as
ta

ge
 

co
nt

en
t 

1'
5 

20
.9
 (
5)
 

5'
0 

71
'1
 (
17
) 

0.
5 

8.
4 (
2)
 

3'
8 

8.
4 
(2
) 

2'
0 

4'
2 
(1
) 

4'1
 

58
.6
 (1
4)
 

3.
3 

50
.2
 (

1
2

) 
18
.0
 

26
3.
6 
(6
3)
 

7.
0 

10
4.
6 
(2
5)
 

2'
5 

4'
2 
(1
) 

-
 

-
 

0'
2 

4'
2 
(1
) 

67
.0
 

71
.1
 

34
2'
5 

I 
17
2 

* I
ne

di
bl

e 
po

rt
io

n 
(e

.g
. p

ee
lin

gs
 a

nd
 r

oo
ts

) 
le

ft
-o

ve
r 

in
 p

re
pa

ra
tio

n 
of

 t
he

 fo
od

, a
nd

 c
oo

ke
d 

ite
m

s 
le

ft
-o

ve
r 

in
 t

he
 k

itc
he

n.
 

t F
or

 d
et

ai
ls

 o
f 

su
bj

ec
ts

, s
ee

 p
. 
23
0.
 

N
 

w
 

w
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


A
ct

iv
ity

 

Sl
ee

p?
 

T
oi

le
t 

an
d 

ba
th

in
g?

 

Po
lis

hi
ng

 

B
ed

 m
ak

in
g 

L
ig

ht
 w

al
ki

ng
 w

ith
 e

qu
ip

m
en

t 

C
lim

bi
ng

 u
ph

ill
 

Fi
ri

ng
 p

ra
ct

ic
e 

Pa
ra

de
? 

B
at

tle
 p

hy
si

ca
l e

ff
ic

ie
nc

y 
te

st
s 

E
at

in
g 

Se
nt

ry
 d

ut
y?

 

G
am

es
 

W
at

er
 c

ar
ry

in
g 

T
ab

le
 3

. D
ai

ly
 e

ne
rg

y 
ex

pe
nd

itu
re

 o
f s

ol
di

er
s 

in
 d

zfl
er

en
t u

ni
ts

 o
f t

he
 In

di
an

 a
rm

y"
 

W
es

te
rn

 r
eg

io
n 

.A 
I
 

, 
E

as
te

rn
 r

eg
io

n 
R

at
e 

of
 

In
fa

nt
ry

 
A

rt
ill

er
y 

E
ng

in
ee

rs
 

In
fa

nt
ry

 
en

er
w

 
7
 

n
 

7
 

7
-
h

_
_

 
7
 
Y

A
P

-
-

 7
 
----

 
7
 

ex
pe

nd
itu

re
 T

im
e 

sp
en

t i
n 

E
ne

rg
y 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 
T

im
e 

sp
en

t i
n 

E
ne

rg
y 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 

(m
in

/d
) 

(k
J(

kc
a1

))
 

(m
in

/d
) 

(k
J(

kc
a1

))
 

(k
J(

kc
al

)/
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

m
in

) 
(m

in
/d

) 
(k

J(
kc

a1
))

 
(m

in
/d

) 
(k

J(
kc

a1
))

 

41
5 83
 

1
5
 

I
1

 

I 
I0

 

68
 9 30
 8 50
 

72
 

I5
 

9 

18
07

.4
8 

(4
32

) 
10

08
.3

4 
(2

41
) 

12
5'
52
 

(3
0)

 
13

3.
88

 
(3

2)
 

20
20

.8
7 

(4
83

) 
17

40
'5

4 
(4

16
) 

13
3'

88
 

(3
2)

 
79

0.
78

 
(1

89
) 

33
0'

54
 

(7
9)

 
31

3.
80

 
(7

5)
 

72
3.

83
 

(1
73

) 

(7
5)

 

(3
1)

 

3 
I 
3.

80
 

12
9'

70
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


A
ct

iv
ity

 

C
oo

kh
ou

se
 w

or
ki

ng
 

L
oa

di
ng

 a
nd

 u
nl

oa
di

ng
+ 

B
un

ke
r 

re
pa

ir
 

A
rm

s 
cl

ea
ni

ng
t 

Pa
tr

ol
lin

g 

R
es

t 
an

d 
re

la
xa

tio
n 

R
ea

di
ng

 a
nd

 w
ri

tin
g 

W
as

hi
ng

 c
lo

th
es

t 

Ph
ys

ic
al

 tr
ai

ni
ng

t 

C
am

ou
fl

ag
e 

an
d 

co
nc

ea
lm

en
t 

R
oa

d 
co

ns
tr

uc
tio

n 

O
ff

ic
e 

w
or

k 

G
ua

rd
 d

ut
y?

 

A
re

a 
cl

ea
ni

ng
t 

T
ab

le
 3

 c
on

tin
ue

d 
W

es
te

rn
 r

eg
io

n 

R
at

e 
of

 
In

fa
nt

ry
 

en
er

gy
 

A
 

\ 

ex
pe

nd
itu

re
 T

im
e 

sp
en

t i
n 

E
ne

rg
y 

ac
tiv

ity
 

(m
in

/d
) 

17
 

5 IS
 

64
 

30
 

28
6 

5
2

 

27
 5 41
 

-
 

-
 

-
 

-
 

A
rt

ill
er

y 
r- 

, 
T

im
e 

sp
en

t i
n 

E
ne

rg
y 

ac
tiv

ity
 

(m
in

/d
) 

-
 

23
 

-
 

2
0
 

44
 

29
1 35
 

23
 

I2
 

-
 

-
 

-
 

-
 

-
 

E
ng

in
ee

rs
 

T
im

e 
sp

en
t i

n 
E

ne
rg

v 
ac

tiv
ity

 
(m

in
/d

) 

46
 

2
0
 

27
 

-
 

-
 

28
7 57

 

I
2
 

2
1
 -
 

I5
7 35

 

42
 

48
 

E
as

te
rn

 r
eg

io
n 

In
fa

nt
ry

 
, 

> 
T

im
e 

sp
en

t i
n 

E
ne

rg
y 

ac
tiv

ity
 

(m
in

/d
) 

2
5
 

-
 

-
 

84
 

66
 

I
2
0
 

5
0

 

2
2
 

-
 

5.5
 

-
 

-
 

-
 

-
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


T
ab

le
 3

 c
on

tin
ue

d 
W

es
te

rn
 r

eg
io

n 
--
-_
_-
--
..
-A
.-
--
--
 

_
_
--

 
7
 

R
at

e 
of

 
In

fa
nt

ry
 

A
rt

ill
er

y 
E

ng
in

ee
rs

 
In

fa
nt

ry
 

en
er

gy
 

T
-

-
-

-
-

~
-

 7
 
7
-
-
7
 
7
-
 
7
-
 

(k
J(

kc
al

)/
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ac
tiv

ity
 

ex
pe

nd
itu

re
 

ex
pe

nd
itu

re
 

T
im

e 
sp

en
t 

in
 

E
ne

rg
y 

T
im

e 
sp

en
t 

in
 

E
ne

rg
y 

T
im

e 
sp

en
t 

in
 

E
ne

rg
y 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 

A
ct

iv
ity

 
m

in
) 

(m
in

,'d
) 

(k
J(

kc
a1

))
 

(m
in

id
) 

(k
J(

kc
a1

))
 

(m
in

/d
) 

(k
J(

kc
a1

))
 

(m
in

/d
) 

(k
J(

kc
a1

))
 

E
qu

ip
m

en
t 

m
ai

nt
en

an
ce

 

B
re

ak
in

g 
fi

re
w

oo
d 

A
rt

ill
er

y 
gu

n 
tr

ai
ni

ng
 

L
ev

el
lin

g 
gr

ou
nd

 

D
ig

gi
ng

 

W
or

ki
ng

 g
ra

di
en

ts
 

Fi
re

-f
ig

ht
in

g 

C
le

ar
in

g 
bu

sh
es

t 

St
an

di
ng

 a
t 

at
te

nt
io

n 

R
if

le
 d

ri
ll 

Fl
oo

r 
sw

ee
pi

ng
 

T
ot

al
 d

ai
ly

 
en

er
gy

 e
xp

en
di

tu
re

 
(M

J(
kc

a1
))

 

* F
or

 d
et

ai
ls

 o
f 

su
bj

ec
ts

, 
se

e 
p.

 2
30

. 
t V

al
ue

s 
ta

ke
n 

fr
om

 M
al

ho
tr

a 
(1

95
8)

; 
M

al
ho

tr
a,

 R
am

as
w

am
y 

&
 R

ay
 (

19
62

).
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


T
ab

le
 4.
 M

ea
n 

da
ily

 en
ev

gy
 e

.x
pe

nd
itu

re
 i

n 
gr

ad
ed

 a
ct

iv
iti

es
 o

f s
ol

di
er

s 
in

 d
zfS

er
en

t u
ni

ts
 o

f t
he

 In
di

an
 a

rm
y"

 
lo

ca
te

d 
fr

om
 se

a 
le

ve
l u

p 
to

 2
3

0
0

 m
 a

ld
tu

de
 

3 !- w
 

G
ra

de
 o

f 
ac

tiv
ity

 

V
er

y 
lig

ht
 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

V
er

y 
he

av
y 

M
ax

im
al

 

T
ot

al
 

R
an

ge
 

W
es

te
rn

 r
eg

io
n 

h
 

7
 

3
 

E
as

te
rn

 r
eg

io
n 

In
fa

nt
ry

 
A

rt
ill

er
y 

E
ng

in
ee

rs
 

In
fa

nt
ry

 
h

 
E

ne
rg

y 
\ 
-
 
7
-
 

ex
pe

nd
itu

re
 T

im
e 

sp
en

t i
n 

E
ne

rg
y 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 
T

im
e 

sp
en

t i
n 

E
ne

rg
y 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 
fo

ra
ct

iv
it

y 
ac

tiv
ity

 
ex

pe
nd

itu
re

 
ac

tiv
ity

 
ex

pe
nd

itu
re

 
ac

tiv
ity

 
ex

pe
nd

it
ur

e 
ac

tiv
ity

 
ex

pe
nd

it
ur

e 
A

ct
iv

ity
 

(k
J(

kc
al

)/
m

in
) 

(r
ni

n)
 

(M
J(

kc
a1

))
 

(m
in

) 
(M

J(
kc

a1
))

 
(m

in
) 

(M
J(

kc
a1

))
 

(m
in

) 
(M

J(
kc

a1
))

 

Sl
ee

p,
 

4.
2-
8.
4 

71
8 

3'
99
 

77
6 

3'
74
 

83
9 

4.
65
 

5 9
0 

2.
85
 

si
tti

ng
, 

(I
 .
0
-
2
.
0
)
 

(8
11

) 
(8
94
) 

(9
91
) 

(6
80
) 

re
st

in
g,

 
dr

in
ki

ng
 

B
at

hi
ng

, 
8.
5-
12
.6
 

36
6 

4
0
0
 

23
 2
 

2.
40
 

15
7 

I .
68
 

39
3 

4
3
2
 

re
ad

in
g,

 
(2
.1
-3
 .
o)
 

(9
56
) 

(5
74
) 

(4
0 I

 ) 
(1
03
3)
 

w
ri

tin
g,

 
ar

m
s 

cl
ea

ni
ng

, 
to

ile
t, 

bo
ot

 
po

lis
hi

ng
 

ar
til

le
ry

 g
un

 
(3
.1
-4
.0
) 

(8
5)

 
(3
72
) 

(3
07
) 

(7
30
) 

tr
ai

ni
ng

, 
cl

im
bi

ng
 u

p-
 

hi
ll,

 w
al

ki
ng

 

R
ifl

e 
fi

ri
ng

, 
12
.7
-1
6.
7 

25
 

0.
35
 

I 0
6 

1.
56
 

89
 

1.
28
 

20
6 

3'
05
 

G
am

es
, 

I 6
.8
-2
5 

'1
 

24
8 

4'
90
 

22
6 

4'
54
 

2
1
6
 

4'5
 1

 
20
6 

41
7 

pa
tr

ol
 d

ut
y,

 
(4
.1
-6
.0
) 

(1
17
1)
 

(1
08

5)
 

(1
07
9)
 

(9
96
) 

le
ve

lli
ng

 
gr

ou
nd

 
Pa

ra
de

, 
25
'2
-3
3'
1 

70
 

1'
99
 

88
 

2.
38
 

11
7 

3.
38
 

45
 

I .
24
 

di
gg

in
g,

 
(6
.1
-8
.0
) 

(4
76
) 

(5
69
) 

(8
07
) 

(2
96
) 

lo
ad

in
g 

tr
uc

k,
 

cl
ea

ri
ng

 
bu

sh
es

 

Ph
ys

ic
al

 
>

 3
3'

1 
1
3
 

tr
ai

ni
ng

 
(>

 8
.0

) 
0.
5 
I 

I
2
 

0.
42

 
2
2
 

0.
75
 

(1
23
) 

( 1
0
0
)
 

(1
80

) 

15
'1
4 

15
.0
4 

15
'7
5 

(3
62
2)
 

(3
59
4)
 

(3
76
5)
 

13
.9
0-
16
.5
3 

I 2
.2
8-
1 6

-5
2 

13
.1
6-
19
.5
6 

(3
32
2-
39
50
) 

(2
93
4-
39
49
) 

(3
 14
5-
46
74
] 

* F
or

 d
et

ai
ls

 o
f 

su
bj

ec
ts

, s
ee

 p
. 
23
0.
 

I 0
6 

2
2

6
 

80
 

cn
 

M
ea

n -
 

T
im

e 
sp

en
t i

n 
E

ne
rg

y 

ac
tiv

ity
 

ex
pe

nd
it

ur
e 

(m
in

) 
(h

fJ
(k

ca
1)

) 
3 

73
 I 

3'
53
 

(8
44
) 

23 N
 

3 
(7
41
) 

'"
, 3 

28
5 

3.
10
 

n
 

1.
56
 

E
 2. 3 s*
 

2'
25
 

4
 

S'
 

4'
53
 

rn
 

(1
08
3)
 

5 %
 

I
2
 

N
 

w
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


N
 

w
 

0
0
 

T
ab

le
 5

. M
ea

n 
in

iti
al

 a
nd

Ji
na

1 
va

lu
es

 fo
r 

bo
dy

-w
ei

gh
t, 

bl
oo

d 
ha

em
og

lo
bi

n 
le

ve
l, 

an
d 

sk
in

fo
ld

 th
ic

kn
es

s o
f 

so
ld

ie
rs

 in
 d

tff
er

en
t u

ni
ts 

of
 t

he
 I

nd
ia

n 
ar

m
y"

 d
ur

in
g 

en
er

gy
 e

xp
en

di
tu

re
 t

ri
al

s 
fo

r 
a 

pe
ri

od
 o

f 
13

 w
ee

ks
 

B
od

y-
w

t 
(k

g)
 

r
-
-
-
-
J
-
-
-
-
-
-
7
 

In
iti

al
 

Fi
na

l 
N

0.
0f

 
7
-
7
 

U
ni

t 
su

bj
ec

ts
 M

ea
n 

SE
 

M
ea

n 
SE
 

re
gi

on
: 

In
fa

nt
ry

 
85

 
67

.1
 

4.
9 

66
.5

 
7.

5 
A

rt
ill

er
y 

78
 

61
.2

 
6.

8 
61

.4
 

6.
5 

E
ng

in
ee

rs
 

56
 

58
.7

 
6.

6 
59

.2
 

6.
0 

re
gi

on
: 

In
fa

nt
ry

 
17

0 
65

.9
 

5.
6 

65
.9

 
6.

3 

W
es

te
rn

 

E
as

te
rn

 

(M
ea

n 
va

lu
es

 w
ith

 t
he

ir
 s

ta
nd

ar
d 

er
ro

rs
) 

Sk
in

fo
ld

 th
ic

kn
es

s 
(m

m
) 

H
ae

m
og

lo
bi

n 
I 

1.
 

, 
T

ri
ce

ps
 

Su
bs

ca
pu

la
r 

.A 
h

 
I 

>
(

 
,

(
 

> 
In

iti
al

 
Fi

na
l 

In
iti

al
 

Fi
na

l 
In

iti
al

 
Fi

na
l 

M
ea

n 
SE
 

M
ea

n 
SE
 

M
ea

n 
SE
 

M
ea

n 
SE
 

M
ea

n 
SE

 
M

ea
n 

SE
 

14
1 

I
I

 
13

8 
1

2
 

8.
6 

3.
8 

8.
5 

3-
7 

9.
9 

3.
8 

9.
4 

3.
4 

12
8 

1
1
 

13
6 

7 
8.

8 
4.

5 
8.

4 
3.

9 
12
.4
 

4
2
 

1
2

.0
 

4.
6 

12
9 

8 
14

5 
15

 
7.

9 
3.

4 
7.

8 
3.

0 
11

.3
 

3.
9 

10
.7
 

3.
8 

12
4 

13
 

13
1 

I3
 

7'
8 

3'
4 

7'
9 

3'
4 

9'
5 

2
'5

 
9'

5 
3'

4 

Fo
r 

de
ta

ils
 o

f 
su

bj
ec

ts
, s

ee
 p

. 
23

0.
 

https://doi.org/10.1079/BJN
19760027  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19760027


VOl .  35 Indian troops’ energy requirement in training 239 

Energy expenditure 
The energy cost of various activities and the mean time spent in each activity 

during 24 h, for each of the units, is given in Table 3. Although the activities in which 
different units were engaged were not the same, because of their different army duties, 
there was not much difference in their estimated energy expenditure. Their average 
daily energy expenditure varied from 15.03 to 15-75 MJ (3594-3765 kcal) with the 
mean value of 15-39 MJ (3679 kcal). Within each company the energy expenditure 
varied widely on different days; the lowest value was recorded on Sundays and holi- 
days and the highest was during battle courses. These activities have been further 
classified, on the basis of the severity of the tasks, into six categories varying from 
‘very light ’ to ‘very heavy ’. The duration and the energy expenditure of these activities 
for the four units are compared in Table 4. On average, the troops were engaged in 
‘very heavy ’ work for 80 min and ‘ heavy ’ work for 226 min. This finding suggests 
that the troops were very active during the period of the study. 

Changes in body-weight, haemoglobin level and skinfold thickness 
Although these measurements were made every 2 weeks, only initial and final 

values have been given in Table 5 ,  as the intermediate values were not significantly 
different. Body-weights remained the same for all units throughout the period of the 
study. Also there was no significant change in haemoglobin level or skinfold thickness. 
This finding indicates that the ration given to the soldiers was adequate in energy and 
nutrient contents. 

Also clinical examination of the soldiers did not show any evidence of deficiency. 
The tongue, skin and tendon reflexes were found to be normal. 

D I S C U S S I O N  

These studies were made from the beginning of November to the end of January, 
which are the winter months in India. During this period the soldiers were engaged in 
collective training exercises, and their activity and their energy expenditure was 
maximum: in summer, the outdoor activities of troops during the day are considerably 
restricted as a precaution against heat casualties. The studies involved soldiers of 
different ethnic groups, from different units of the army, who were engaged in 
exercises on various terrains, and at different altitudes from sea level to 2300m. 
Therefore, the nutrient requirements determined in this study should be applicable 
to troops in all conditions and in all units of the armed services (Wilson et al. 1964). 

The energy requirements have been estimated on the basis of two different ap- 
proaches; first, from values for energy expenditure, and secondly, from the actual 
food intake. The results obtained by both approaches are in close agreement. The 
average energy expenditure of the troops was 15-39 MJ (3679 kcal)/d and the food 
energy intake was about 16.47 MJ (3936 kcal)/d. These values agree fairly well when 
kitchen and plate wastage, and the losses during digestion and absorption are taken 
into account. The kitchen and plate wastage has been found to vary from 0.4 to 2.0 yo. 
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Table 6. Nutrient content of daily ration and daily nutrient intake of soldiers in dzj7erent 
units of the Indian army* 

Nutrient intake 
A 

I 

Nutrient Western region Eastern 
content of A , region 

Nutrient ration Infantry 

Energy: MJ 17-26 
kcal 41 26 

Protein (g) 118.3 
Animal protein: g 25.8 

yo Total 21.8 

Carbohydrate (g) 657.5 

Fat (g> I 16.0 

Energy contributed 
by : Protein : M J 1.98 

Proportion of total 0.114 

Proportion of total 0.633 
Carbohydrate: MJ 11'0 

Fat: MJ 437 
Proportion of total 0.253 

Vitamin A (pg) 1225 
(9oo)t 

Thiamin (mg) 3'30 
(2.oo)t 

Riboflavin (mg) 2'22 

(2.20)t 
Nicotinic acid (mg) 31'92 

(26,oo)t 
Ascorbic acid (mg) 182.20 

(35-3o)t 
Iron (mg) 65.06 

(20.00)t 
Calcium (8) 1'12 

(0.4-0'5)t 

* For details of subiects, see p. 230. 

16.36 
3910 

115.0 
26.0 
22.6 

99'6 
636.6 

1.92 
0.118 

10.65 
0.653 
3'75 
0.229 

852 

2.58 

2'12 

29.18 

80.44 

60.40 

0.90 

Artillery Engineers Infantry 

16.22 
3877 

114'3 
22.9 

94'9 

20'0 

641.5 

1.91 
0.118 

10.73 
0.662 

3'57 
0'220 

862 

2.64 

2'12 

30.22 

89.66 

61.98 

0.98 

I 6.72 
3996 

113.3 
24'5 
21.6 

115.6 
626.0 

1.90 
0.115 

10.48 
0.627 

4.36 
0.260 
I018 

2.62 

2'10 

30'40 

97'92 

60.62 

1'02 

16.57 
3961 

110'1 

22.4 
20.3 

109.3 
632.0 

1-85 
0.114 

10.58 
0.638 
4.12 
0.248 

1023 

2.62 

2'22 

28.76 

122.42 

61.14 

I '00 

Mean 

16-47 
3936 
113.2 

23'9 

104.8 

6340 

21'1 

1-90 
0.115 

I 0.6 I 

3'95 
0.240 

939 

2.62 

2.14 

0,645 

29.64 

97.62 

6 I '04 

0.98 

. - -  
t Recommended dietary allowances (Food and Nutrition Board (UK), 1968). 

For the estimation of energy requirements, the maximum value of 2 yo can be taken. 
The value obtained for losses during digestion and absorption of food has been 
estimated to be about 6 %  (Passmore, Meiklejohn, Dewar & Thow, 1955), thus 
making a total of 8 %  which should be added to the value for energy expenditure 
used in determining the scale of rations. Therefore, on this basis the energy content 
of the food should be 16.61 MJ (3970 kcal)/d. The actual food energy intake was 
found to be 16.47 MJ (3936 kcal)/d. Thus the energy intake and the energy require- 
ments calculated on the basis of energy expenditure, are almost in balance, as indicated 
previously. That the subjects were in energy balance is further supported by the 
finding that the troops maintained their body-weights on this intake during the 
3 months of study. The nutrient content of the ration supplied was also adequate, 
as the mean value for haemoglobin concentration was approximately 140 gfl, and 
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VOl. 35 Indian troops’ energy requirement in training 241 
there was no clinical evidence of any deficiency disease. The troops thus require 
about 16.74MJ (4000 kcal)/d in field areas. This value is the same as that for the 
ration supplied to the Federal Army of West Germany which also provides 16-74 MJ 
(4000 kcal)/d (Graefe, 1960). For the US Army, the daily energy intake in the mess 
in field areas has been found to be 15.62 MJ (3733 kcal) in infantry messes, 16.09 MJ 
(3845 kcal) in engineers’ messes and 13-73 MJ (3295 kcal) in artillery messes, with 
an additional 1.26-1-67 MJ (300-400 kcal) from canteen purchases (Howe & Berry- 
man, 1945). Their total energy intake is therefore almost the same as that of an Indian 
soldier, although the height and weight of the latter are considerably lower. This is 
because there is comparatively less mechanization in the Indian army, and many 
heavy tasks have to be done manually, thereby increasing their daily energy expendi- 
ture. Howe & Berryman (1945) have also found seasonal variations in the intake of 
food of US troops, the maximum intake being between September and November 
(16.57 MJ (3960 kcal)/d), and minimum between March and May (14.94 MJ 
(3570 kcal)/d). There is thus a seasonal variation in daily intake of about 1-67 MJ 
(400 kcal). The requirements for the Indian troops estimated in this study are those 
for winter months and are the maximum expected for any season. There would be a 
lower intake in summer, as indicated by results obtained for other armies (Murlin & 
Hildebrandt, 1919; Howe & Berryman, 1945). 

Nutritional content of rations 
The official scale of rations for Indian troops in the field is well balanced and 

contains (g/d) 118.3 protein, I 16.0 fat, 657-5 carbohydrate. The proportional contri- 
butions of each of these nutrients to the total energy content of the food are protein 
0-114, fat 0.253, carbohydrate 0.633 (Table 6). The mean intake during this study 
was found to contain (g/d) 113.2 protein, 104.8 fat, 634.0 carbohydrate. 

Protein 
The protein allowance in the official ration (118.3 g) is 1-87 g/kg body-weight 

per d, whereas the recommended optimum requirement for adults is 1.0 g/kg body- 
weight per d (Food and Nutrition Board (UK), 1968). The high protein content is 
mostly provided as large quantities of cereals, which alone supply 64 g protein/d. 
The other main sources of protein are dhal and vegetables, which provide 28.5 g/d. 
The vegetable proteins therefore provide 92-5 g/d. The remaining 25.8 g protein are 
animal proteins derived from milk and meat. The ration supplied to most of the 
Western armies also has a protein allowance of 2 g/kg body-weight per d. The daily 
ration supplied to US Army contains I 3 I g protein (Friedmann, Kraybill & Consolazio, 
1959) and that of the Federal Army of West Germany contains 120g protein 
(Wirths, 1959); in each instance 50 % of the protein is derived from animal sources. 
The high animal-protein content is a consequence of dietary habits rather than nutri- 
tional needs. The high level of proteins in army rations is perhaps justified to stimu- 
late muscle growth during the growing age, improve muscle strength and contribute 
to quick recovery from disease and injury. It is not, however, necessary for the diet to 
contain animal proteins in these high proportions, provided that the vegetable proteins 
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242 M. S. MALHOTRA AND OTHERS I976 
arederived fromdifferent sources (Albanese & Orto, 1964; Young, 1964). The biological 
value of mixed vegetable proteins is close to that of animal proteins because of the 
complementary effect of the different amino acid compositions. Patwardhan, Mukun- 
dan, Ramasastri & Tulpule (1949) have reported that a diet providing 79.2 g protein/d, 
of which 4.7 yo is animal protein, produces a positive N balance of 4-61 g/d, whereas 
the corresponding value is 0.26 g N/d for a diet with the same energy content, but 
providing 60.1 g protein/d, of which 62.7% is animal protein. These workers 
suggested that the higher N balance with predominantly vegetable proteins is the 
result of a lower urinary N excretion. 

Fat 
The fat allowance in the field ration is about I 16.0 g/d, of which 80.0 g is in the 

form of hydrogenated oil and the rest is mainly derived from milk and meat. In  
Indian field rations, fat provides 0.25 of the total energy, compared to 0*40-0*45 in 
the field rations supplied to Western armies. The usual recommended allowance for 
fat is 0*25-0*30 of total energy (Kummerow, 1960). The higher intake by Western 
armies is the result of a higher intake of meat and eggs, which have a high fat content. 
As, weight-for-weight, fat provides twice the energy of proteins or carbohydrates, a 
high-fat diet is required only when the energy expenditure is very high, otherwise it 
can result in overweight and increased susceptibility to atherosclerosis. 

Carbohydrate 
Carbohydrate is the main contributing nutrient of the Indian diet. Indian curries, 

dhal and meat provided in the ration, add flavour and facilitate the consumption of 
cereals, which are the main source of carbohydrate. The field ration for the Indian 
army contains 657-5 g carbohydrate, supplying 0.633 of the total energy. In  the 
rations supplied to other armies, carbohydrate provides 0.45-0*60 of the total energy 
(Howe & Berryman, 1945; Friedmann et al. 1959; Lauersen, 1969). The rations of 
Western armies have a correspondingly higher fat content. 

Minerals and vitamins 
The vitamin and mineral content of the Indian field ration before cooking are given 

in Table 6. The ration provides these nutrients in amounts which are higher than the 
recommended allowances for Indians (Director-General, Armed Forces Medical 
Services, India, 1968; Indian Council of Medical Research, 1968). A proportion of 
these nutrients are lost during cooking. However, their loss is reduced considerably 
as no fluid portion of the vegetables and cereals is discarded during the preparation of 
Indian dishes and curries. But losses of heat-labile vitamins during cooking of food 
do occur. The losses of ascorbic acid in Indian-style cooking have been determined 
and have been found to range from 37-9 to 81.7% (Malhotra, Rai, Sridharan & 
Baskaran, 1970). After taking into account these losses, the average ascorbic acid 
intake was found to be 37.5 mg/d. On this intake there was no evidence of any 
deficiency disease. The possibility of subclinical deficiency existing is small, as the 
minimum requirement has now been assessed as 30 mg/d (Hollingsworth, 1970; 
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VOl. 35 Indian troops' energy requirement in training 243 
Sabry, 1970). Further, the results of studies by Srikantia, Mohanram & Krish- 
naswamy (1970) on Indians have indicated that maximum Ieucocyte ascorbic acid 
concentration can be maintained on an intake of less than 22 mg/d. In view of these 
findings, the intake of 37.5 mg ascorbic acid/d, after cooking losses, appears to be 
quite adequate. 

The losses of individual B-vitamins during Indian-style cooking have not been 
determined by us, but according to Director-General, Armed Forces Medical Services, 
India (1968) these vary from 10 to 60% for thiamin and riboflavin, and 10% for 
nicotinic acid. For vitamin A, losses are 10 yo in ordinary cooking and 90 yo during 
frying. In rations given to the US Army also, the losses of vitamins have been found 
to vary from 10 to 80% (Howe & Berryman, 1945), indicating that losses during 
Indian and Western methods of cooking are not very much different. From the 
excellent general health, haemoglobin level and absence of clinical evidence of any 
deficiency disease in these subjects, it can be inferred that the intake of various 
vitamins and nutrients are quite adequate, taking into account losses during cooking. 

From our results, it can be concluded that the scale of Indian field rations provides 
an adequate diet not only in terms of energy content but in respect of nutrients, e.g. 
protein, fat, carbohydrate, vitamins and minerals. It satisfies the needs of the troops, 
which is the foremost requirement from the practical point of view. The ration is 
comparable with those of armies of the Western countries, yet the ration is compatible 
with the Indian climatic conditions, dietary habits and economic considerations. 
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