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SOME SOURCES OF VITAMIN <t IN 
INDIA. 

Part I. 

The Antiscorbutic Properties of Vegetable 
Marrow [Lagcnaria Vulgaris (Serringe)] 
Melon Pumpkin or MitJia Kaddu (Cucurbit a 
Moschata) and Pumpkin [Cucurbita Pepo 
(Linn)]. 
By R. C. WATS, m.d. (L'pool), d.p.h., d.t.m., 

CAPTAIN, I.M.S. 

The; tendency of the regimental contractors to 
supply repeatedly the above vegetables in sum- 
mer when other vegetables are scarce and costly 
is well known. This enquiry was undertaken 
to judge the vitamin C value of the above vege- 
tables and to ascertain whether the quantities 
issued as rations were adequate. The scope of 
the experiments was limited to determining the 
antiscorbutic properties of the above vegetables in 
a diet scale such as that exemplified in the Army 
rations; hence guinea-pigs were fed on the basal 

diet and cooked vegetables and no attemp was 

niade to test the efficacy of the raw materia 
s. 

Guinea-pigs were selected for the experimen s, 
?n account of their well-known susceptibility to 

scurvy. They were all given a basal diet o 

oatmeal, bran and 60 c.cs. of heated milk (auto- 
claved for H hours at 115?C.). The milk used 

was obtained" from the Government Dairy arm 

and was standardised to contain 3 per c^n 
? a 

(referred to hereafter as standard milk), ine 

respective vegetables were peeled, as in tne 

regimental cook-houses and boiled for 20 minutes 
ln " salted" water before administration to 

animals. To determine to what extent the pre- 

sence of " rich " milk containing 5 to 7 per cent, 

milk fats (referred to below as rich milk) 

protected the animals from developing scurvy, 
one set of animals were given the basal diet 

consisting of oatmeal and 60 c.cs. of autoclaved 
" 

rich " milk. 
The eighteen experimental guinea-pigs of 

weights varying between 571 and 815 grammes 
were divided into the following groups:? 
Group No. I, Control.? (a) Two animals, one 

having the basal diet containing 60 c.cs. of 
" 

standard " milk and the other with the same 
amount of " 

rich 
" 

milk. (b) Two animals on 
ordinary laboratory diet consisting of lucern, 
bran, etc. 

Group No. II, Vegetable Marrow Series.? 

(i) Three animals on basal diet containing 60 c.cs. 
heated "standard" milk with 5, 10 and 15 

grammes of the cooked vegetable respectively. 
(ii) Three animals on basal diet containing 

60 c.cs. heated 
" 

rich 
" milk with 5, 10 and 15 

grammes of cooked vegetable respectively. 
Group No. Ill, Sweet Kaddu Series.?Same as 

Group No. II except for the substitution of 5 and 

10 grammes of cooked sweet kaddu. 

Group No. IV, Pumpkin Series.?Same as 

above except for the substitution of 5 and 10 

grammes of cooked pumpkin. 
In the case of Control animals (Group No. 

1 (la), the one on "rich" milk steadily lost 

weight and died on the 33rd day of the experi- 
ment,?the other lost weight until the 14th day 
and then began to increase in weight but died all 
the same on the 39th day. Both animals showed 

signs of scurvy at autopsy, i.e., haemorrhages in 
various parts (intestines, bladder, kidney, costo- 
chondral junctions, etc.). 
The two animals of Group I (b) increased 

and decreased steadily in weight as seen in the 

graph. 
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Group No. II, Vegetable Marrow Series.-? 

(i) Out of the three animals having 
" 
standard 

" 

milk in the basal diet, the one having 5 grammes 
of the vegetable kept losing weight until the 20th 
day, then gained some for a few days but lost 

again and died on the 43rd day. The 
animal having 10 grammes of the vegetable 
gradually lost weight and died on the 34th day. 
Both animals had the usual signs of scurvy at 

autopsy. The animal having 15 grammes of 
marrow in the diet steadily increased until the 

30th day and then decreased to some extent but 
was living at the end of the experiment. 

(ii) The animals having- 
" 

rich" milk- 
basal diet with 5, 10 and 15 grammes of marrow 
gradually put on weight except during the last 
one or two weeks but died all the same on the 
36th, 39th and 66th day, respectively. 
Group No. Ill, Sweet Kaddu Series.? (i) Out 

of the two animals having 
" 

standard " milk in 
their basal diet, the one having 5 grammes of the 
vegetable put on weight until the 26th day, lost 
weight during the following week and died. The 
one having 10 grammes of the vegetable went 
on gaining weight until the 68th day and showed 
no apparent signs of scurvy. 

(ii) Of the two animals which were given 
basal diet supplemented by 

" 

rich " milk, one 

having 5 grammes of the vegetable increased in 
weight steadily except during the last few days, 
but died on the 33rd day. The one having 10 
grammes of the vegetable lost weight gradually 
with some intervening rises in the weight curve 
and died on the 51st day. 
Group No. IV, Pumpkin Series.? (i) The 

animal having 5 grammes of the vegetable with 
" 
standard 

" milk basal diet cannot be compared 
with the other as the former proved to be preg- 
nant, hence the rapid increase in weight curve. 
It delivered on the 33rd day two still-born young 

ones, and went on losing weight until its death 
on the 49th day. The other animal having 10 
grammes of pumpkin went on gaining weight 
until the 68th day when the experiment was 

terminated. 

(?) The animal on "rich" milk diet having 
5 grammes of the vegetable died on the 54th* day 
and the one having 10 grammes on the 45th 
day. The animals on rich milk diet with 10 
grammes of pumpkin and 15 grammes of vege- 
table marrow showed the following symptoms&on 

the 40th and 45th clay, respectively. The move- 
ment of the hind limbs seemed to be painful, hence 

* The figures given in the text do not in some in- 
stances correspond with the graphs in the charts,? 
Ed., I. M. G, 
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the reluctance of the animal to move about when 
released from the cage, On pressure the muscles 
of the hind legs seemed to be tender and to 

some extent insensitive to pinpricks. There seem- 
ed to be some difficulty in defsecation, the stool 
pellets getting accumulated in the anus but not 

being expelled for a long time. 

The results of all post-mortem examinations 
are recorded in the details of the experiments 
given at the end of the paper, which prove that 
death in all cases, except one, was due to scurvy 
(see under " Summary"). 

Summary. 

I. The antiscorbutic values of the vegetables 
under experiment and their practical application. 
The results of the group of experiments, in 

which the basal diet was supplemented by 
"standard" milk (3 per cent, milk fat), go to 
prove that 15 grammes of vegetable marrow and 
10 grammes of pumpkin and melon pumpkin are 
capable of protecting guinea-pigs from scurvy. 
Veddar(l) discussing the physiological action 

of the vitamins mentions that while a human 

being requires an ounce of lime juice, the guinea- 
pig requires about one-tenth (3 c.cs.) in its daily 
diet to prevent scurvy. If the same ratio was 
to hold good in the case of other materials con- 
taining vitamin C then 100 grammes or 3^ oz. 

nett of pumpkin or 1 nit ha kaddu (melon pumpkin) 
will be required per day per man. As a result 
of several weighings it was found, during the 

course of these experiments, that 50 per cent, of 
these vegetables were thrown away during the 
process of peeling by the cooks. This observa- 
tion was made in a cook-house for British 

troops by weighing the vegetables before and 
after they were ready for cooking. Keeping 
this in mind, it can safely be concluded that at 
least 6 ozs. of pumpkin or melon pumpkin (when 
no other source of vitamin C is available) will 
be required daily to act as an antiscorbutic for 
human beings. Vegetable marrow is poor in 

antiscorbutic properties and the large amount 

(over 5 ozs. nett) required will be too bulky 
for any one to consume with relish. At present 
the ration scale for British troops (2) allows an 
issue of 8 ozs. of vegetables (other than potatoes 
and onions), 6 ozs. of onions and 10 ozs. of 

potatoes. If we take the combined value of 

these components (potatoes and onions alone 

being ample for the purpose), it will be evident 
that the amount of vitamin C available will be 
liberal even if the 

" 

vegetable" issued is vege- 
table marrow. 

II. The effect of 
" rich 

" 

milk (fat over 5 per 
cent.) in the basal diet used in the above 

experiments. 
In the following description S.M.D. stands 

for basal diet with " standard" milk and R.M.D. 
for the one with 

" 

rich " milk. 
1. Among the control animals the one on 

R.M.D. died a week earlier than the other 

(S.M.D.), 
2. Among the animals having 5 grammes of 

vegetable marrow the one on R.M.D. died a week 
earlier than the other, while out of those having 
10 grammes of this vegetable the reverse held 

good, viz., the one on S.M.D. died 5 days earlier 
than the one on R.M.D. The animal on R.M.D. 
and 15 grammes of the vegetable showed symp- 
toms of (?) neuritis in the hind legs (see above) 
while the other on S.M.D. was normal. The 

haemorrhages seen post-mortem in the animals 
were absent in the former and no other signs of 
scurvy were seen. 

3. In the melon pumpkin group both animals 
on R.M.D. having 5 and 10 grammes of the 

vegetable died earlier than the others (S.M.D.), 
the difference being 4 and 44 days, respectively. 
The animals on S.M.D. and 10 grammes of this 
vegetable were putting on weight and showing 

no signs of scurvy on termination of the experi- 
ment on the 68th clay. 

4. Among the animals of Group IV (pump- 
kin), only those having 10 grammes of the vege- 
table coulcl be compared, as the one on S.M.D. 
and 5 grammes of this vegetable was found to be 
pregnant and died 5 days earlier than the other 
(R.M.D.). Out of the two having 10 grammes 
of the vegetable, the one on R.M.D. died on the 
45th day, while the other (S.M.D.) gained in 
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weight-and showed no signs of scurvy on termi- 
nation of the experiments on the 68th day. The 
former animal (on R.M.D.) showed the abnor- 
malities referred to under paragraph 3 above but 
signs of scurvy were well marked post-mortem. 
No definite inference can be drawn as to why 

the animals fed 011 
" rich " milk diet died more 

rapidly than those on 
" 

standard" milk. This 
much is evident that the 

" 

rich " diet did not pre- 
vent the onset of scurvy though it did prevent 
the falling of the body weight in some cases. 

McCarrison(3), discussing the factors influencing 
the onset of deficiency disease, lays stress on the 
balance of proteins, carbohydrates and fats; it 

may be the disproportionate richness of milk fats 
in the present case which expedited the onset of 
scurvy and death. Hopkins(4), discussing poly- 
neuritis in birds, states that in the absence of 
vitamin B, vitamin A may exert an actually 
harmful influence?the same may probably be 
true in case of the deficiency of vitamin C. It 
was presumed before the beginning of these 

experiments that the rich milk containing, as it 

does, an extra amount of vitamin A and milk 
fats would postpone?if not prevent,?the onset 
of scurvy but the contrary happened and vita- 
min A did not act as a complementary to or 

co-operative with vitamin C. It may be stated 
here that no signs of gastro-intestinal disturbance, 
except temporary anorexia in some cases, were 

noted in any of the guinea-pigs. 
The animals on rich milk diet with 10 and 15 

grammes of vegetable marrow and pumpkin, res- 
pectively, had nervous symptoms in the hind legs. 
The absence of any signs or symptoms of scurvy 
and the presence of (?) neuritis seen in the 
animal having 15 grammes of marrow seems to 

point more towards beri-beri than scurvy, while 
the animal 011 10 grammes of pumpkin showed 
a combination of both the deficiency diseases. 
It may be added that no sub-periosteal haemor- 
rhages were seen in the long bones of the hind 
limbs. 

Part II. 

Whatever view may be held as to the exact 
causation of scurvy, all experience goes to show 
that the administration of fresh lemon or lime 
juice is a therapeutical measure of the first order 
?the former supposed to he four times as potent 
as the latter. It is not commonly known that 
lemon (Citrus lemonum) exists to a very limited 
extent in the North West of India and the term 
" 

lemon " used commonly is a misnomer. The 
fruit found ubiquitously throughout India is a 

lime (Citrus mcdica var acida) and not a lemon 
at all. The following experiments were carried 
out to determine the vitamin C content of this 
fruit, as the knowledge might prove useful to 
those medical men who have to treat cases of 
scurvy or use the juice as a prophylactic. 
As in Part I, the guinea-pigs were put on two 

kinds of basal diet, one containing rich milk (fat 
content 5 to 7 per cent.) and the other containing 
standard milk (fat content 3 per cent.). The 
animals were divided up as follows:? 

(z) I wo animals on basal diet containing 
60 c.cs. of heated standard milk with 3 
and 5 c.cs. of 

" 
lemon " juice. 

(//) I wo animals on basal diet containing 
60 c.cs. of heated rich milk with 3 and 
5 c.cs. of 

" 
lemon " juice. 

Both the animals on standard and rich milk 
basal diet supplemented by 3 c.cs. of " lemon " 

juice died of scurvy on or about the 64th day. 
The loss of weight in the one having rich milk- 
diet was much more marked than the other. 

Both the animals on 5 c.cs. of lemon juice 
survived and showed no signs of scurvy. 

In view of the above it is apparent that 5 c.cs. 
of the juice extracted from the common " lemon 
are capable of protecting a guinea-pig from 
scurvy, hence a human being would require about 
50 c.cs. (if no other source of vitamin C was 
available) (see Part I, Summary I f0r calcula- 
tion of the amount). 

Date. Diet. 

APPENDIX. 

Grout No. I Control. 

(a) Basal diet only. 

27-3-1928 .. 

2-4-1928 .. 

7-4-1928 .. 

10-4-1928 .. 

16-4-1928 .. .-e 
22-4-1928 .. rt 

28-4-1928 .. 

29-4-1928 .. 

5-5-1928 .. O ? 

o.*t: 

Weight of animals. 

Standard milk. 
(1) 

792 grammes 
754 
767 
766 
823 
808 
784 

Rich milk. 
(2) 

663 grammes 
653 
653 
671 
641 
599 
474 

Remarks. 

(2) Found dead on 29-4-28 morning. 

(1) Found dead in the morning. 
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Post-mortem examination:? 
1. Fed with standard milk.?Subcutaneous 

haemorrhages over the abdominal wall, subserous 
intestinal haemorrhages, suprarenal glands en- 

larged and haemorrhagic. Costochondral junc- 
tions enlarged and haemorrhagic. 

2. Fed with rich milk.?Showed well marked 
intestinal subserous haemorrhages, also in the 
bladder. Costochondral junctions were enlarged 
and haemorrhagic. 

(b) The average weight curve of the two 
animals on normal laboratory diet is shown on 
the Graph No. I (Control). 

Post-mortem examination:? 

I. Standard milk. 

1. Fed with 5 grammes of vegetable mar- 
row:?Petechial haemorrhages on the abdomen 
and thorax were present. Subserous, intestinal, 
submucous and bladder haemorrhages were pre- 
sent. Suprarenals were enlarged and haemor- 

rhagic. 
2. Petechial haemorrhages were not present 

on the abdomen and thorax otherwise same as 
above (1). In addition costochondral junctions 
were enlarged and haemorrhagic. 

Group No. II. 

Basal diet with 5, 10 and 15 grammes of vegetable marrow. 

Date. Diet. 

Weight op Animals. 

Standard milk. 

27-3-28 ^ v 

2-4-28 
7-4-28 ? S 
10-4-28 
16-4-28 
22-4-28 
28-4-28 
3-5-28 
5-5-28 
8-5-28 
14-5-28 
14-5-28 
19-5-28 
24-5-28 13 

? 

29-5-28 O 

(1) 
, 

5 grms. of 

vegetable 
marrow. 

753 grms. 
729 ? 

733 ? 

724 ? 

740 ? 

762 ? 

760 ? 

665 
640 ? 

(2) 
10 grms. of 
vegetable 
marrow. 

815 grms. 
826 
808 
805 
790 
748 
634 

(3) 
15 grms. of 
vegetable 
marrow. 

490 grms. 
510 
531 
528 
530 
556 
568 
560 

530 
526 
495 
485 
488 
486 

(alive) 

Rich milk. 

(4) 
5 grms. of 
vegetable 
marrow. 

723 grms. 
726 
780 
783 
821 
808 
764 

(5) 
10 grms. of 
vegetable 
marrow. 

575 grms. 
631 
660 
683 
688 
733 
665 

(6) 
15 grms. of 
vegetable 
marrow. 

REmakks 

452 grms. 
506 
527 
522 
547 
543 
551 
543 

541 
515 
514 
484 
470 
456 
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Group No. III. 

Basal diet with 5 and 10 grammes of Sweet Kaddu or Melon pumpkin 
(Cucurbita Mosehata). 

Date. 

27-3-28 
2-4-28 
7-4-28 
10-4-28 
16-4-28 
22-4-28 
28-4-28 
2-5-28 
5-5-28 

12-5-28 
17-5-28 
21-5-28 
24-5-28 
28-5-28 
2-6-28 

Diet. 

is"; 

g rt e <u 

Weight op Animals. 

Standard milk. 

(1) 
5 grms. of 

Sweet 
Kaddu. 

708 grms. 
698 
708 
727 
743 
745 
651 
640 

(2) 
10 grms. of 

Sweet 
Kaddu. 

687 grms. 
695 
718 
710 
739 
754 
713 

700 
743 
803 
768 
780 
808 
768 
(alive) 

Rich milk. 

(3) 
5 grms. of 

Sweet 
Kaddu. 

571 grms. 
611 
638 
618 
668 
720 
658 

(4) 
10 grms. of 

Sweet 
Kaddu. 

621 grms. 
624 
641 
611 
594 
616 
590 

538 
463 
450 

Remarks. 
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3. Fed with 15 grammes of marrow.?Living 
when experiment was terminated. No external 

signs of scurvy. 

II. Rich Milk. 

4. Fed with 5 grammes of vegetable marrow. 
Same as standard milk (1), see above. Costo- 
chondral junctions were also enlarged and 

hsemorrhagic. 
5. Fed with 10 grammes of vegetable marrow. 

Same as standard milk (1), sec above. 
6. Fed with 15 grammes of vegetable marrow. 

No haemorrhages anywhere, teeth firm. Nothing 
abnormal seen microscopically. 

Post-mortem examination:? 

I. Standard Milk. 

1. Fed with 5 grammes of sweet kaddu. 
Petechial haemorrhages on abdomen and thorax, 
gums swollen and spongy. Subserous haemor- 

rhages present on liver and intestines. Costochon- 
dral junctions swollen and haemorrhagic. 
Suprarenals enlarged and congested. 

II. Rich Milk. 

3. Fed with 5 grammes of sweet kaddu. 

vSame as (1) except that the costochondral junc- 
tions were not swollen or hemorrhagic. 

4. Fed with 10 grammes of sweet kaddu. 
Same as (1) except no petechial haemorrhages 
on abdomen or thorax, no sponginess of gums. 
Suprarenals enlarged and congested. 
Post-mortem examination:? 

I. Standard Milk. 

1. Fed on 5 grammes of pumpkin. No pete- 
cial haemorrhages. Subserous intestinal haemor- 

rhages present. Suprarenals enlarged, congested 
and hemorrhagic. Costochondral junctions swol- 
len and hemorrhagic. Gums spongy and 
swollen. 

II. Rich Milk. 

3. Fed with 5 grammes of pumpkin. Same 
as above (1) except that congestion of liver and 
petechial hemorrhages were found. Few hemor- 

rhages of intestines, no sponginess of gums 
noted. 

4. Fed with 10 grammes of pumpkin. Same 
as above (1) except petechial hemorrhages pre- 
sent, suprarenals enlarged and congested. Gums 
not swollen. 

Group No. IV. 

Basal diet with 5 and 10 grammes of Pumpkin. 

Date. Diet. 

27-3-28 

2-4-28 

7-4-28 

10-4-28 

16-4-28 

22-4-28 

28-4-28 

5-5-28 

12-5-28 

15-5-28 

17-5-28 

21-5-28 

24-5-28 

28-5-28 

2-6-28 

^ CJ 
rC 

Weight of Animals. 

Standard milk. 

(1) 
5 grms. of 
Pumpkin. 

628 grms. 

712 

743 

778 

865 

958 

938 

583 

450 

(2) 
10 grms. of 
Pumpkin. 

700 grms. 

690 

698 

688 

698 

716 

714 

753 

728 

708 

748 

746 

758 

788 
_ 
? 

(alive) 

Rich milk. 

(3) 
5 grms. of 

PumpJdn. 

701 grms. 

704 

723 

714 

732 

705 

705 

688 

678 

608 

.(4) 
10 grms. of 
Pumpkin. 

680 grms. 

590 

660 

670 

689 

701 

655 

543 

Remarks. 
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Date. 

9-7-28 
14-7-28 
19-7-28 
24-7-28 
29-7-28 
3-8-28 
8-8-28 
13-8-28 
18-8-28 
23-8-28 
29-8-28 
3-9-28 
8-9-28 
10-9-28 
12-9-28 
14-9-28 

Part II. 
Basal diet with 3 and 5 c.cs. of lemon juice. 

Diet. 

? a 

<L> JZ 

!?! 
O 

Weight op Animals. 

Standard milk. 

(1) 
3 c.cs. of 
lemon 
juice. 

561 grms. 
605 
557 
520 
571 
628 
643 
625 
654 
680 
551 
581 
560 
538 

died 

Rich milk. 

r 
(2) 

5 c.cs. of 
lemon 
juice. 

632 grms. 
580 
460 
470 
551 
578 
610 
617 
653 
670 
652 
603 
623 
602 

alive, no 
signs of 
scurvy. 

(3) 
3 c.cs. of 
lemon 
juice. 

652 grms. 
574 

453 
556 
574 
479 
625 
639 
558 
577 
510 
462 
453 

died 

(4) 
5 c.cs. of 
lemon 
juice. 

473 grms. 
470 
404 
386 
440 
463 
482 
489 
520 
550 
477 
477 
438 
424 

alive, no 
signs of 
scurvy. 

Remarks. 

(1) The teeth were so loose that the upper 
incisors had dropped out. Hemorrhages, sub- 
serous and intestinal, were present. Suprarenals 
Were enlarged, congested and hemorrhagic. 

(3) Same as above except that teeth were not 
affected. Few subserous haemorrhages. No 
?ther signs of scurvy. 
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