" (NEIW SERIES ) §i-1

ASCIENTIFIC MEMOIRS °’

BY [

OFFICERS OF THE MEDICAL AND SAHiTAHY ﬁEf’ﬁﬁTMEH'l‘S

OF THE

GOVERNMENT OF INDIA.

INVESTIGATIONS ON

. BENGAL JAIL DIETARIES

WITH SOME OBSERVATIONS ON THE INFLUENCE OF
DIETARY ON THE PHYSICAL DEVELOPMENT AND
WELL-BEING OF THE PEOPLE OF BENGAL.

BY

CAPTAIN ii}. McCAY, M.B., B.Ch., B.A.O, LMS.

. e r
s Professor of Physiology, Medical College, Calentta,

ISSUED UNDER THE AUTHORITY OF THE GOVERNMENT OF INDIA
BY THE SANITARY COMMISSIONER WITH THE GOVERNMENT
OF INDIA, SIMLA,

9
Price Rs. 2-G-0 opr 45, 2.

L]
-]
[
]
o "
ISR o s CALCUTTA f .
2 ;"‘1 SUSERINTENDENT GOVERNMENT .FRINTING, INDIA
a e . 4
3 . 1910 . vk

S,



GOVERNMENT OF INDIA.

3 , INVESTIGATIONS ON

- BENGAL JAIL DIETARIES

WITH SOME OBSERVATIONS ON THE INFLUENCE OF
DIETARY ON THE PHYSICAL DEVELOPMENT AND
WELL-BEING OF THE PEOPLE OF BENGAL.

,'! ~ CapraIN D. McCAY, M.B, B.Ch.,, B.A.O., LM.S.
“qn .o F¥ofessor pf Physiology, Medical College, Calentta,
l [ ®

. ISSUEEUNDER THE AUTHORITY OF THE GOVERNMENT OF INDIA
BY THE SANITARY COMMISSIONER WITH THE GOVERNMENT
OF INDIA, SIMLA.

o : . CALCUTTA
o AP L & surﬁlmzﬂnmr GOVERNMENT PRINTING, INDIA J

; - L3 1910 .
A L :

Sory : Ay |
; . % No 37
= ey .;‘EME}.; o R
SR SCIENTIFIC MEMOIRS
) i OFFI:GERS OF THE MEDICAL AND SANITARY DEPARTMENTS
- OF THE

e




.1 ;.Fh L N —— — _— :'-'ir. ' - . =
I = 3 l =
e g = "
p
_ ,&;\Dﬁp :
s o
H " L : .
{ 3
| Agents for the Sale of Books publishéd b ' the Superintendent of
A€ ¥ P
' . Government Printing, India, Calcutta. i g 2
> _ In Exémz«m. Ix IspIa. U
® © Mr. E. A. Arxorp, 41 and 43, Maddox Messrs. Tiackes, Seisg & Co., Caleutta
Street, Bond Street, London, W, and Simla. -
" Mgfm %’E‘EBT-*BLE & Co; 10, Orange Messrs. Newyax & Co., Caleutta.
L mti{ Bluff&i‘(‘.r Square, W.C. Messrs. R. Caxsray & Co., Caleutta.
e Feirl e i s Messrs. S. K. Lumzt & Co,, Caleutta.
< : ! . Messrs. B. Baxensee & Co., Caleutta.
¥ Mr. Bemyanp Quarrren, 11, Grafton Messrs. Hicervsoruax & Co., Madras.
Street, New Bond Street, W. Messrs, V. Karvaxanawa Iver & Co,
Messrs. P. 8. Kive & Sox, 2 and 4, Great Madras.
Smith Strect, Westminster. Messrs, G, A. Naresax & Co., Madras.
Messrs. H. S. Kixe & Co., 65, Cornhill, Messrs. S. Murray & Co., Madras.
- and 9, Pall Mall, London. Messrs. Tnoxrsox & Co., Madras.
ik Messrs. G{I.\‘I&LH &WCD-: 54, Parliament Messrs. Trurre & Co., Madras.
R Street, London, Sﬂ o ) Messrs. Couprinse & Co., Madras.
(3 Mr’f‘mﬁlc?iﬁﬁ]m ;&v E’ y CeR gL Messrs. P. R. Raxua Iver & Co., Madras.
' Nesins. W, Prac KE; & Co., , Creed Lane, Messrs, A, R. Prrat & Co., Trivandram.
N London, E.C. : Messrs. Tuacker & Co., Lin,, Bombay.
' Ar. B. H. Bracgwerr, 50 and 51, Broad Messrs. A. J. Cousringe & Co., Bombay.
24 Street, Oxford. Messrs. D. B. TanarorevaLA, Soxs & Co.,
£ Messrs. Dereirox Bewy & Co., Cambridge. Bombay.
; ®  Messrs. Lozac & Co.; 46, Great Russell Mrs. RapHABAT = ATMARAM  SAGOON,
& Street, London, W.C. Boupay.
: . Mr. Suroer PAxpunanc, Bombay.
' Ox tug CONTINENT. Messrs. Gorar Nanivax & Co., Bombay.
Mr. Rupour Haver, 1, Dorrienstrasse, Su[:;erintcudent, American Baptist Mission
o Leipzig, Germany. Press, Rﬂﬂg;ﬂn-
{ Rar Sapie M. Guiap Smom & Soxs
. oW o ; :
A } Leipig. Mufidl<i-Am Press, Labere zid Calcutta.
il : & Soux, Beri Mr. N. B, MaTHUR, Superintendent, Nazair
- M%%-ETS Ni[? cﬂﬁ?:;;?ﬁ. g Kanun Hind Press, Allahabad.
] Mr. Enxgsr Lenoux, 28, Rue Bonaparte, Messrs. A. Cuaxp & Co., Punjab.
)i Paris. Messrs. A. M. & J. Frngusoy, Ceylon.
Myr. MarriNvs NIHOFF, The Hague, Babu 8. C. Tarukpa®, Proprietor, Students
Holland. a and Company, Cooch Behar.
, =
st e 3 : B
i Lo i
=~ Ael. rwo P25




-

- D

o

List of numbers of Scientific Memoirs by Officers of the Medical and
Sanitary Departments of the Government of India (New Series)
published previous to the present issue. .

r > I _,-"/;

A ""j'n'-

e No. 1. Standardisation of Calmette’s Anti-Venomous Serum with Pure Cobra Venom: the

Deterioration of this Serum through keeping in Indiap by Capfain G. Lamb,
L. M.S., and Wm. Hanna, Esq., A.B. Price As, 3 or 4d.

No. 2. Malaria in India, by Captain 8. P. James, LILS. TPrice Re. 1-8 or 24, 8d.

No. 3. Some Ohservations on the Poison of Russell’s Viper (Daboia Russellii), by Capfain [
G. Lamb, I.M.8., and Wm. Hanna, Esq., M.B. Price As. 5 or 6d. | B

No. 4. On the Action of the Venoms of the Cobra and of the Daboia on the Red Blood g

——— E— -

corpuscles and on the blood plasma, by Capfain G. Lamb, I ILS. Price |
As. 8 or 9d. : A : e
No. 5. Specificity of Anti-Venomous Sera, by Captain G. Lamd, I.M.S. Price As. 3 1
o Or4d :
. No. 8. First Report on the Anti-Malarial Operations in Mian Mir, 1001—03, by Captain
8. P. James, .M.S. Price As. 12 or ls. 2d. .

¢ No. 7. Some Observations on the Poison of the Banded Krait (Bungarus Fasciatus), by
Captain G. Lamb, 1.31.5. Price As. § or 9d.
No. 8. A Preliminary Report on a Parasite found in Patients suffering from Enlargement i
of the Spleen in India, by Lieutenant 8. I, Christophers, 1.M.8. Price Re. 1-8
e or 2s. 3d.
‘ No. 9. Second Report of the Anti-Malarial Operations at Mian Mir, 1901—03, by Zieute-
nant 8. . Christophers, 1.3L.S. Price As. 10 or 1s.

No. 10. Specilicity of Anti-Venomous Sera (Second Communiecation), by Caplain G. Lamb, @
I.M.5. Price As. 8 or 9. |
No. 11. On a Parasite found in persons suffering from Enlargement of the Spleen in -
India—Second Report. by Lieufenant 8. R. Christophers, 1.A.8. Price
4 Rs. 2 or 3s. a
%  No. 12. On the Morpholégy, Teratology, and Diclinism of the Flowers of Cannabis, by
Major D.Prain, LM.5. Price As. 1} or 1s. 4d.
No. 18. Oriental or Delhi Sore, by Captain 5. P. James, 1. M.S. Price As. 10 or 1s.
No. 14. On a Parasite found in the White Corpuscles of the Blood of Dogs, by Caplain
8, P. James, I.M.5 Price As. 10 or 1s. f |
- No. 15. a ,Parasite found i persons suffering from Enlargement of the Spleen in |
2N ‘adia—Third Report, by Lieutenané 8. R. Christophers, [ ALS. Price
. A"10 or ls. :
No. 16. The Specificity of Anti-Venomous Sera with special reference to a Serum prepared
% wit thet%'enom of the Daboia Rusaell?:, by Captain G. Lamb, I.M.S. Price
: As. G,or 7d. |
No. 17. ShakesVenoms in relation to Hamolysis, by Captain G. Lamb, I.J.S. Price As. 6 '
a QITI'.;‘ = .
No. 18, Hmmogregarina Gerbilli, by ZLieutenant S. R. Christophers, M.B, ILM.S. Price o |
As, 10 or 1. 9

No. 19. On Kala Azar, Malaria and Malariai Cachexia, by Capfain 8. P. James, M.B., _ |
S O 7aLb. Price B 14 or lv, 11d. . _




No.

No.

21.

22.

. 28,
. 24,
. 25,
. 26.
SR
. 28.
. 29,

. 30.

S 1

. 82,

. 33.

. 34

. 35,

. 36.

= No. 20. Serum-Therapy of Plague in India; Reports by Mr. W. M. Haftkine, C.LE.,

and various Officers of the Plague Research Laboratory, Bombay, by Lieufenant-
2 ;?ah;::;ﬂ V. B. Bannerman, M.D., B.Se., F.R.C.S., I.M.S. Price As. 14 or
8. 4d. : 4 :

On the Etandgu*tlisaﬁnn of Anti-Typhoid Vaccine, by Caplain George Lamb, M.D.,
L ALS. (Director, Pasteur Institute of India), and Captain W. B. C. Forster, M.B.,
D.P.E., I.M.S. Price As. 6 or 7d. ;

Mediterrinean Fever in India : Isolation of the Micrococcus Melitansis,, by Captain
Gﬂﬂ?"{d Xamb, M.D., 1.M0.8., and Assistant Surgeon M. Kesava Pai, M.B., C. I,
(Madras). Price As. 10 or ls. '

The Anatomy and Histology of Ticks, by Captain 8. R. Christophers, M.B., I.1LS.
Price Rs. & or 4s. Gd.

On a Parasite found in the White Corpuscles of the blood of Palm Squirrels, by
Captain W. 8. Patton, M.B., IALS. Price As. 12 or 1s. 2d. i

On the importance of Larval Characters in the Classification of Mosquitoes, by
Captain 8. R. Christophers, M.B., 1.11.8. Price As. 8 or 9d.

Leucof}'t;zdﬂ-nn Canis, by Captain 8: R. Christophers, M.B., I.M.S. Price As. 12
or 1s, .

Preliminary Report on the Development of the Leishman-Donovan Body in the
Bed Bug, by Captain V. 8. Patton, M.B., I.M.8. Price As. § or 94.

The Sexual Cycle of Leucocytozoon Canis in the Tick, by Captain 8. R. Christophers,
M.B.,, I.M.S. Price 12 or 1s. 2d.

Piroplasma Canis and its Cycle in the Tick, by Captain 8. R. Christophers, M.B.,
L.AM.8 Price Rs. 2 or 3.

The Theory and Practice of Anti-Rabic Immunisation, by Capfaén W. F. Harvey,
M.B., L. M.S., and Captain Anderson McKendrick, M.B., I.IL.S. Price As. 12 or
1s. 24.

The Development of the Leishman-Donovan Parasite in Cimex Rotundatus—Second
Report, by Captain W. 8. Patton, A.B., IM.5. Price Re. 1 or 1s. 6d.

An Enquiry on Enteric Fever in India carried out at the Central Research Institute,
Kasauli, under the direction of Lieutenant-Colonel I. S8emple, M.D., and Captain
E. D. W. Greig, M.D. DPrice Re. 1-2 or 1s 94.

The Production of Alkali in Liquid Media by the Bacillus Pestis, by ZLieutenant-
Colonel W. B. Bannerman, M. D., B.S¢., I.M.8. Price As. 5 or 6d.

Standards of the Constituents of the Urine and Blood and the bearing of the
Metabolism of Bengalis on the Problems of Nutittion, by Capiain 1. MeCay,
M.EB., IM.8 Price As. 12 or ls. 24d. g

Black-water Fever, by Captain 8. R. Christophers, M.B., I.M.8.,, and Dr. C. A
Bentley.

Observations on Rabies : with sfeainl reference to an Atrophiec form of the disease
occurring in animals, by Major G. ZLamd, AL.D., LIS, and Caztain 4. G.
MeKendrick, M.B., I.M.5. Price As. S or 94d. 2 .

on sale at the Office of the aup?iuumdqnt of Government Printing, India, Caleutta. -

A4 : =N g&’mmﬁmmmm-nmmuamnm“nmmmmm.




. Lo 4
3
» O
g &
o . § ) =
: > CONTENTS.
"~ e
.. i e
g ArsTorIoAL—
Burgeon-Major 1. B. Lyon's memorandum . ; . ; - . .
;e Surgeon-MajorT. B Lewigs: . s v o= =4 o
Major R. I. MacNamara's S , . ; e ¥
TaE ScoPE OF THE PRESENT ENQUIRY . 2 . . . - .
Aét‘uum' OF WORE DONE . . - ‘- al aaii® . . .

Methods of work . : . . . . z r 2 "

o . 750N
F P.A R T L, .
s CHAPTER L

Tax Foou-sturrs of Bexcan Jan DIETARIES 5 - . : p A
Chemical Analysis of Food-stuffs of Bengal Jails .. - : -

o ] Heat of combustion of Food-stuils . . . . : 3 3
CHAPTER IL
THE SOTRITIVE VALUE OF BENGAL Jart DIETARLES L e
A.—Bgxciur Dier . : 5 A - 4 . . . .
2B 1. The value of this diot in proximato principles . . - -
%4 2. The amount of nivrogen undergoing metabolism on the ordinary jail diet of

Bengal . : . . sl s bi . . . .

7 ._' Pl:lmts thhﬂ iaﬂ.diﬂt' - " - - - -
ﬂ. “Lﬁueﬁmﬁoi varying ihe ‘components, i.e., of
xﬁmhﬁbmﬁi - " = - w " 0

gmmuﬂhﬁaﬁmmmmpnwpm e G

- - - - i L]

3. The uﬁobu-on--niﬁmgamua metabolism of varying the quantities of the com-

adding wheat ata, fish or

n undergoing Metabolism on thanrdma.rf}aﬂdmt of

'Ji_ﬂ'hf’wrins-_ﬂhn-ﬂwiiuﬁ:ﬂf the com-

an
40
41

44

57

a




se ry =
1n

- o Page
5 (i) The relative value of Burma and Country ries . . i . - - BT

(i} The relative value of the different dals . q ; ¥ ; . A
(i) The relative value of wheat and makkai ata . .

GENERAL m—fﬁ’]‘i‘ T e T T S |-
| CHAPTER 111, e &
o REPORT ON SIX MONTHS' USE OF SPECIAL DIETS 1¥ Purr Jar, . . ; 5 : . e
CILAPTER 1V. 5
THE EFFECTS OF THE LARGE QUANTITY OF SALT 0Ives 1¥ BEsean Jain DigTamiEs . « 160
: by
CHAPTER V,
4 = SouMe SIE-185UES oF THE T S e LI R S
1. The relationship between the quantity cf rice in the diet and the quantity of urine \ 9
passed . e R e u owls °
; 2. The influence of Burma and Country rice on the exeretion of urine ; - « 188 n 8
3. The quantity of fmees passed by prisoners on Bengal jail distaries . A ;i . 189 L Lo ¥
4. The average amount of nitrogen contained in the feces . . . 3 4 I 191 . : }
3. The average amount of uric acid exereted in the urine by prisoners on the B&mgn] [
IR R B P O . | .
6. The quantity of purins excreted . F 5 . a 5 ; ; . I9z
: 7. The pam;ntnga of urea to the total excrotion of nitrogen . : : T
o 8. The relation of ammonia nitrogen to the total nitrozen of the urine - . . 103
G 9. The relative absorption shown by Hindus and Mahomedans on an animal diet . 196 -
s tas 1
PA BT Jle oW

ToE RELATIONSHIF OF Foon 10 Prysioar DeveropsesT - : : : 3 10
Discussion of Chittenden’s views on the letel of nitrogenvuz metabolism in con-
0. nection with the workin Bengal . . . .. . . . . . 1

i The evidence afforded by the Bengali on the effects of a low protein a.bsarptaon . BN

P d The evidence afforded by the Behati on the offects of a low prntm;abwm?hnnc . 208
: Ex%ﬂﬁnn of Dr. J. H. Kellogg's views as to the cause of the defective develop-
ORAE AT the BOIGALL | ne' e Swa en w0 pss wien s e e 3

;‘r = mmmw the Hill-tribes of Binugalqntha effects of a low protein
A A b, A ' ﬁ = z : : 5 E e s arl

g the ralnﬁunalﬁp u! food tophyum.l development



; |ﬁ"
Gﬁfﬂp

' BENGAL JAIL DIETARIES

With some observations on the Influence of DPietary on the
Physical Development and Well-being of the People of Bengal.

INTRODUCTION.

rI"HE investigations that have been enga ging the attention of the stafi * of the
Physiological Department of the Medical College, Calcutta, have, we hope,
shed a considerable amount of light on the nutrit ive value of Indian food-stufls,
and particularly on the nutritive value of jail dietaries in Bengal. They will also
be fonnd to have a very distinct bearing on the much discussed problems of
nutrition.
The work recorded in this memoir has been carried out on the initiative and
at the expense of the Sanitary Department of the Government of India. Theim-
portance of the subject of jail dietaries had been fully recognised by the Govern-
ment of India, They had already caused certain enquiries to be made, which
will be referred to, but had deferred further action until a suitable officer became
available for the purpose of estimating the nutritive value- of the different food-
stufls in the dietary of prisoners.
The present enquiry < limited to the jails of Bengal. The work began on the
1st February 1908 and has been going on practically continuously (so far as other
official duties permitted) for the last eighteen months.

%

Historical.

It would not serve any useful purpose to go very deeply into the history of
all the work that has been done on jail diets at Home and in India. Certain

I important papers will be referred to in so far as they are of interest in the

light of present investigations ; but all the work hitherto done has been based
on the assumption that the chemical analysis of food-stufis afforded a direct
measure of their nutritive value. Turther, the diet scales laid down for Indian
prisons have ail been caleulated on the result of chemical analyses and not on the
actual nutritive value of the food materials, Z.e., the percentage of their proximate
principles that is capable of being absorbed by the intestinal tract of the prisoners
_:-_'J?h-reﬂ Agsistant Surgeons were gmployed on the enduiry, viz- :—
ptis Chandra Banerji, LS., Assistant Professor of Physiology.

e ————
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The presest enquiry aims at estimations of the actual amount of some of the
proximate principles— especially pmtein-—t-ﬁat are absorbed and assimilated, and
for this reason the papers above referred to, while of great importance so far as they
go, do not give much assistance in the present work.

Surgeon Majord’. R. Lewis® writes: “A mere tabula: statement of the several
ingredients constituting the several diets would be of comparatively littie value un-
less accompanied by a statement of their chemical composition ; and, in order to
judge of the comparative merits of dietaries so analysed, it is essential that a clear
conception should be formed as to what particular portions are specially adapted
to the nutrition of the body.” To this we may add that it is of even more import-
ance to know in what proportions the proximate principles of the different food-
stuffs are absorbed and made uge of in the economy.

Tt is futile, for example, to work out diet scales furnishing say 80 grammes of
protein per man daily, if instead of 90 per cent. only 60 per cent. of this is o
absorbed, and then imagine that we have provided for the prisoners’ physiological
needs. Yet, so far as we have been able to find in the literature of this subject
that is what has been done hitherto.
The diet scales would also appear to have been based on those in use in the pri-
sons of Buropean countries, an allowance being made for difference in weight.
So far back as 1881 Lewis wrote, and it is equally true to-day:—“So far
as I am aware, no systematic series of observations has been conducted
on the precise food-requirements of the inhabitants of this country when under-
going laborious exerfion, as compared with the requirements when the body is at
rest, so that all inferences as to what these requirements are, are based on experi-
® ments made in Furope and on people accustomed to a far larger proportion of
animal food than the great majority of the inhabitants of Eastern countries.” "
The first work done on the subject by actual experiment, to which we have o
reference, is an able and interesting memorandum by Surgeon Major I. B. Lyon,}
Chemical Analyser to Government, Bombay. From actual experience of native
prisoners on hard labour in the Bombay House of Correction, Dr. Lyon devised |
three scales of diet, based on the analysis of the diet on which these prisoners \
had been working and which had proved sufficient. c |
We need not go into the details of this paper: it will be sufficient for our i
purpose to say that the work done by Dr. Lyon was carried out frem the exactly
opposite point of view to that recorded in this memoir. :
Dr. Lyon found that native prisoners in the Bombay House of Correction in-
creased in health, weight and physical development when sentenced to hard labour ;

#- A ﬁcmarnldum on the Dietaries of Labouring Prisoners in Indian Jails—Axnnual Report of the
Sanitary Commissioner u ith the tovernment of India for 1880, page 159,
t Memorindum ky Surgeon Major 1. B. Lyon, F.C.S.—Gazelte of Indias 10th May 1877,
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be very properly analysed the diet onavhich this was possible, and found it to con-
tain quantities of nitrogen and c@rbon which (when allowance is made for difference
In weight) were practically identical with Letheby’s estimate for ordinary laborr
in England, and of the same value as the hard labour diet of English conviets. On
the basis of this experience his three scales of diet were formildtd :—

No. 1 Scale.—The labour scale ; is simply the Bombay House of Correc-
tion scale raised or lowered proportionally to the weight of the indivi-
duals to be fed.

No. 2 Scale.—The Iight labour scale ; is scale No.1 reduced in the pro-
portion that the light labour diet of English convicts is lower than
English conviet hard labour diet.

No. 3 Seale.—The bare sustenance scale; is scale No. 1 reduced in the
proportion that a mean between Edwin Smith and Letheby’s esti-
mates for bare sustenance is lower than English convict hard labour

¢ diet.

Dr. Lyen, therefore, devised his diets by working back from an analysed diet
which had proved itself sufficient for all physiological purposes, i.e., a diet from
which enough of the different proximate principles was absorbed to supply the
needs of the body. The ultimate object of the present investigation is to devise
diet scales in which the several ingredients are so combined that the maximum
absorption is obtained with a minimum of waste—a point not taken notice of in
either Lyon’s diets or any other diet scales that have been framed for Indian jails.

The reason why dietaries for prisoners in India have all been worked out from
the chemical analyses of the foods in use appears to be that, from the investigations
that have been carried out in Europe and America on the percentage absorption
of the proximate pringiples, a fairly fixed proportion of these was found to be
absorbed, i.e., abave 90 per cent. in a mixed animal diet and above 85 per cent.
in a so-called vegetable diet. So that, by assuming these percentages to hold good
for Indian food-stuffs, the framers of the different diets estimated that between 85
and 90 perscent. of the proxiu}ate principles found by chemical analysis in the diets
would be absérbed. This we shall show is not by any means thecase ; and, further,
we shall givesabundant evidence that the actual amount of absorption does not
vary directly with the quantity of the proximate principles contained in the diet :
this at least we can strongly assert is so in the case of the most important of the
proximate principles—protein. It wasa very natural assumption to make and, so
far as we know, the fallacy was not disrroveged until actual examination* of the
excreta of prisoners on a known jail diet proved that a comparatively poor absorp-
tion of protein takes place when the actual amount of protein offered in the diet is

taken into consideration. .

el - - - -

:Scieﬁliﬁl: Memoirs No. 31.—Standards of the Constituents of the Blood and Uring and the Bearing of

the Metabolism of the Bengali on the Problems of Nutrition. )
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The n%xt paper to which we w:tsh to refer is Surgeon-Major T. B. Lewis’s Memo=
" randum * on the Dietaries of Labouring Prisonerc in Indian Jails. This is a most
Important and comprehensive discussion of the whole subject of Indian jail diet-
aries. Dr. Lewis ewdenﬂy clearly foresaw the importance of the ub&mb'uhﬂm}r of
a diet, fur n dl&ﬂl@ﬂlﬁg the nutritive value of the diet scales of labo mmc, prisoners
he says: “ There are practical difficulties in deciding the equivalent values of these
various food-stuffs, npt only because the chemical analyses which have been made
of many of them ave not so complete as desirable, but there is also a wantof definite
knowledge as to their exact position astrue aliments based on their adaptability for
being assimilated.”
This valuable memorandum traces the history of the different scales of diet for
Indian prisons and gives their values in the principal alimentarv constituents.
Thus the Government of Bengal in 1860 adopted certain scales on the recom-
mendation of Dr. Mouat. The interesting point regarding these diets for labouring
and under-trial prisoners is that animal food was included. These diets appear to
have been in force in Lower Bengal for eighteen years. Their chief constituents
are worth recording :—

Rice 20+ 5 ozs. | Rice 205 ozs,
Meat 41 ,, (+days) | Fish 41 ,, (+days)..
Dal 41 . | Dal A

Vegetables 4°1 ,, (82 ozs. 3 davs).

Computed by Lewis to be equivalent to practically 14 grammes of nitrogen
or 87°50 grammes of protein daily.

When compared with the scales of diet which have been adapted from the
English local prison scale for men of an average weight of 110 Ibs., it will be found
that the amount of nitrogen in each day’s food in the scale for Bengalis is precisely
the same as is contained in the * adapted ”” maximum scale, 205 grains. The

amount of carbon is greater by over 800 grains.
The diet scale for natives of Behar is considerably more liberal as 10 ozs. of
wheat was substituted for 8 ozs. of rice. The chief constituents of these diets are

also of interest :—

Vegetables 41 ,, (8'2023.3 days).

Rice 12:3 0z8. Rice 12-3 ozs. >
Wheat Ata 1002 ,, Wheat Ata 102 ,, »
Meat +1 ,, (4days) Fish 41 ,, (4days). )

Pulse (Dal)  2'0 ,, (4days). Pulse (Dal) 2'0 ,, (4days).® '
6L -, {3'13}'3}' =3 61 ,, (3 da}rs].
vegeiﬁblas 41 ., vﬂgﬂtﬂh]&ﬁ £1 .,
-uf,ed by Lewm to be equivalent to 16°80 grammes of nitrogen or 105
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il ' 2L In 1877 another Jail Conference was assembled :u Calcutta when it was found
] ©  that such diversities existed as to the quantities and nature of the food given in
different jails that it was deemed expedient to make an attempt to introduce a new
o - scale of dietary. Excluding the recommendations regarding vegetables, fats, salt,
- ete., the following scale was laid down as a maximum for adils ma'e prisoners
X sentenced to hard labonr. "
£ 26 ounces (including 4 ozs. pulse) of sifted flour, and 28 ozs. of grain in the
case of wheat, rice or barley. o
Whenever it may be considered necessary 4 ozs. of meat or fish, or an equi-
valent of milk, may be given instead of 4 0zs. of grain,
As Dr. Lewis points out, the principal difference between these diets and those
recommended by the 1864 Committee consists in the adoption of the principle that
. the issue of animal food should be left to the discretion of the local jail authorities,
instead of making it a compulsory article of the labouring and under-trial dietary.
On the whole there is practically but little difference between the recommenda-
* tion of the Committee of 1864 and of the Conference of 1877 so far as the ultimate
% » chemical constituents of the dietaries are concernad ; but a pound of animal food
per week constituted part of the regular food approved by the former, whereas the
latter left the issue of this article to the discretion of the local authorities. The
, Conference, however, increased the rice ration by four ouncesdaily when meat was
not given, and the vegetables were increased by two ounces per diem.
Lewis says that in March 1879 the Bengali and Behari prisoners were placed
on the diet proposed by the Conference and he continues thus: “During this year
e the health returns of the prisoners in Bengal were exceptionally unfavourable ; and
as the period during which the new dietary was in force coincided with the period
- of maximum murtralit}r,‘it was concluded that the hich sickness and mortality
in this particular p@vinue was attributable to insufficient food. In consequence
of this inference extra rations were issued from March 1880 to July 1881 when
completely new scales of diets were introduced with the sanction of the Loecal

Government:” i~ y
In July 1881 the dietary scale introduced for Lower Bengal was :-—
% Rice ° . 22 ozs. ]
Pulse (Dal) 6 ,,
(e 1 y o 4 0zs. of meat or fish could be sub-
Gran 3 stituted at the option of the jail
l officer for 40zs. of pulse on four

] days per week.

1
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The ¢scales for Bengalis and Beharis were alike, with the exception that the
staple cereal in the dietary of the Behari consisted of a mixture of 12 0zs. rice and
10 0zs. wheat-flour ora similar mixture of rice and maize.

Lewis remarks on these diets that, *“ taken as a whole, the nutritive value of this
dietary not only exceads, under every heading, the * adapted * scale, which has been
prepared from Eug]ish Local Prison scales, but, in most cases the amount of food
actually issued is more than is given as a maximum dietary in either the convict or
the Local Prisons in England and Wales. Co mputed on the English standard
these scales should suffice for men weighing considerably more than the average
weight of natives of Bengal and of Behar — the Bengali scales for a body-weight of
from 123 to 150 Ibs. ; and the Behari scales for persons weighing 140 to 172 1bs.”

We need not follow Dr. Lewis in the discussion of these diet scales further than
to note that he shows that, on a dietary much inferior to this 1881 scale, Burma pri-

soners were exceedingly healthy and over 85 per cent. gained in weight. He further
instances, as an illustration of the caution that should be observed in attributing
exceptional sickness and mortality amongst prisoners to insufficient food alone, the
experience furnished by the Punjab jails. The mortality in certain of these jails
was unprecedentedly high although the special dietaries sanctioned were practically
double the ordinary scales.

Further, the fluctuations in mortality seem to occur quite irrespective of the
nature of the dietary and no appreciable result followed the issue of specially liberal
scales of diet. Nevertheless, as will be gathered from the records of the history of
jail diets in India, there seems to have been a gradual increase in the quantities of
the several food-stufls sanctioned, in the majority of cases to meet exceptional sick-
ness and mortality, while the sanitary conditions were never thought of. The
whole idea seems to have been to fortify the body against infection by means of
continually increasing the food intake—specially the nitrogenous intake—and no
one at that time ever thought of making any attempt at remo ving the source of
infection—at least we have no information of any such attempts. The teaching
of Liebig had a marked influence in these increases of jail diets and very great
prominence was given to the necessity of increasing the albuminous gr nitrogenous
principles of food in proportion to the amount of work exacted, on the supposition
that the nitrogenous, chiefly muscular, tissues of the body are rapidly wasted as a

result of exertion, and that the non-nitrogenous elements of food were simply useful
in the production of heat. In the en{c}ea\'nur that had been manifested by many
framers of jail dietaries to raise the proportion of the nitrogenous element a large
addition to the pulses had beena favourite mode of meeting the requirements ;
but, as Lewis pointed out chemical ‘analysis, _howe.ver exhaustive, can only
afford such information as will enable an approximate estimate to be formed of
the nutritive value of any food, seeing it is not only what nutriment a particular-

e
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food-stuff contains that is of moment, but also what portion of it can be readily

-digested and assimilated by the body. He adds that it is very doubtful whether
-the increase in the nitrogenous elements by raising the proportion of the pulses—
and specially if badly cooked—is of any advantage, and perhaps may even be
injurious, - '

Dr. Lewis concludes this critical study of Indian jail dietaries by expressing
the opinion that, so far as the actual quantities of proximate prineciples are con-
cerned, the scales sanctioned have not been insufficient, On the contrary, native
labouring prisoners in every province in India have been, weight for weight, better
fed than either convicts or other prisoners in England. He shows that the lowest
scales are by no means associated with the most uniavourable health-returns, but
that, on the contrary, in those instances where enquiry has been made, the results
in this respect were even better than those associated with the most liberal diets.
The diet that he suggests as sufficient for the maintenance of native prisoners in
good health and at the same time compatible with the exaction of a fair amount of
ordinary hard labour is :—

Protein S s : : : 3 ozs, = B§08 grms.
Carbohydrate . ; . G0 18k = 52466
Mab: ; A ] . A-1% = 28'36—12'54 grms.

with the usual condiments, salt, ete.

This diet he bases on the maximum diet scale of English Local Prisons,
correcting the several quantities for the difference in weight between English
prisoners and native Indian prisoners. It corresponds very closely to the diet
given by Lyon for the Bombay House of Correction.

Expressed in the manner given above as so many grammes or ozs. of alimen-
tary principles we have no criticism to make : the scale is, so far as our knowledge
goes, quite sufficient, in fact, probably greater than is necessary. It is the
method by which these standards for native prisoners are arrived at, and the

- deductions that have been drawn from their effects that seem to us fallacious.

It is not possible to deduce a standard of diet for natives of India from the

- estimations of the proximate principles of dietaries that have been found suitable

and sufficient for European prisoners. If the proximate principles of the materials

‘making up the Indian diets were absorbed in the same proportion as is the case in

European diets, we grant that this method of calculating their nutritive value

.and this estimation of the quantities required would be permissible. But the
_absorbability of the ultimate alimentary principles of Indian food-stufis is very far

from being identical with that of European food-stuffs—at least when the former
are given in the quantities necessary to make up the proper amounts of those

ol principles.
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So that to have estimated the amoungs of protein, carbohydrate and fat in a
satisfactory Eu.mpéﬁn diet and then, by calculations based on the chemical analyses
of Indian food materials, to work out the combimations of those food-stufls that
will provide thei}identical amounts of protein, carbohydrate and fat, will give us
a diet that, by chemiéal analysis, is identical as regards the quantities of alimentary
principles present, but one from which a very dissimilar amount of, nutritive
material is capable of being absorbed.

As we have already said—and to this point we shall have to return—even
the comparatively inferior European food materials show an absorptive co-eflicient
of 85 per. cent. while the superior Indian food-stuffs’ co-cficient rarely exceeds GO
per cent. when they are given in the quantities laid down in the jail dietavies we
have examined.

The fallacy therefore comes in that, in giving any of these dietaries which have
been framed to provide more or less identical amounts of the different proximate
principles that have been in use in Europe, instead of obtaining a similar degree of
absorption a very much lower amount of the nutritive value is made use of 3 S0
that what is thought—for instance, in a diet such as would be framed on Lewis’s
standard—to give a metabolism of over 70 grammes of protein per man daily
i all probability would really only give a metabolism of just about 50 grammes
of protein.

As we shall have evidence to bring forward on this later, at present it is suf-.

ficient to say that one of the important causes of this poor absorption is the fact
that, in order to provide a diet containing anything approaching the standards of
European diets in proximate principles, so much of the Indian food materials
has to be given that less than the optimum absorption takes place, the mere bulk
interfering with absorption. A *

Another point which is clear from what we have said above in connection with
diets framed on European experience, is that, having provided a diet of Indian food
materials that contains a similar amount of the different alimentary principles, and
having found by practical experience that such a diet is sufficient for all the physio-
logical requirements of labouring prisoners, and knowing that this Indian food diet
only permits of say 50 grammes of protein being absorbed while the European
(identical in proximate principles but made up of different food materials) permits
of 70 grammes being absorbed daily, it is surely possible so to arrapge-a dietary
that it will provide for the absorptign of 50 grammes of protein and u sufficiency
of all other constituents without having to lose 20 grammes of protein per man
daily as compared with the European prisoner. This also is a subject to which we

have devoted a good deal of attention. ;

While making these criticisms on the dietaries that have been framed for

Indian p?isoneﬁ, and particularly on the work of Lyon and Lewis, we have no wish
a n

-]
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" %o detract from the value of their researches for which nothing but admiration is
possible. No work had been dong in their time on the actual nutritive value of
. »  Indian food materials, 7.e., the amount actually absorbed from the dietaries—a
; circ:umstange that clearly handicapped Lewis, and one to which Le refers more than
once—it is not to be wondered at, therefore, that the framers of -diet scales should
malke use of the only means open to them in their work, and base their stand-

ards on those diets which had been found successiul in practice.
The next paper to which reference is necessary is an extremely able articlg®
on, and critical review of, the subject of Indian jail dietaries by Major R. J.
Macnamara, LM.S., in 1906. This report, submitted tothe Punjab Government,
Was to some extent the starting point of the present enquiry as, in transmitting it
to the Government of India, His Honour the e utenant-Governor of the Punjab
enquired whether the Government of India were disposed to extend the investiga-

® tions tq other provinces.

; In this very valuable report Major Macnamara deals more particularly with
the diet scales of the Punjab, which he consjders to be much too high, and sug-
gests new scales of diet based on the work carried out by Dunlop on the Prison
Dietaries of Scotland.

. In so far as our investigations touch the food-stuffs in use in the Punjab we are
in absolute agreement with Major Macnamara, and we can heartily endorse his
remarks on the dietaries of the jails of Be ngal.

For the same reason, but to a somewhat less extent, this most valuable
report from other points of view, is not of much service in our investigations in
Bengal. It deals to a large extent with the theoretical side of the question and
. with the framing of dietaries adapted to Indian jail conditions on the basis

of those found satisfactory in Scotland. It differs, however, in one important
. particular from either of the papers already referred to, in that the diets on
which Major Macnamara has based his adaptations were worked out from the
standpoint, of the actual nutritjve value of the food materials, and not from their
gross chemical domposition stated as so much protein, carbohydrate and fat. This

we consider is the only rational method of approaching the subject of the framing

of diet scales. Itis futile to talk of the nutritive value of a diet—such as the
Bengal diet—as being superior to an English standard diet, because it offers 42
graius mores nitrogen per man daily, if less than 60 per cent. of the nitrogen of that
Bengal diet is absorbed whilst 90 per cent. of the nitrogen of the English standard

diet undergoes metabolism in the system. It is because in India we are dealing

with classes of food-stuffs largely different from those in use in European
countries, and more particularly with very different quantities of any mgredient

-

_h‘?\';;ea on Indian J&ll Diotaries with special reference to the Punjab by Ha.jﬂr‘R% J. Maznamara,
1.)M.S., 1906, ;
d C
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of both countries, and perhaps also with a people who have
a low power of absorption as compared with Europeans, that we consider that any
adaptation based on European experience is misleading and incorrect.

To much of fhe valuable information contained in Major Macnamara’s paper
we shall have occasion to refer when dealing with other parts of the é]l.qllit‘}’, it
present all that we need say is that, until the Punjab jail diets have been studied
from the standpoint of their actual nutritive value, it is impossible to form any
opinion as to their superiority or otherwise, compared with Major Macnamara’s
adaptations based on the Scoteh dietaries,

With regard to the remarks of Lieutenant-Colonel C. J. Bamber, 1.M.S., Sani-
tary Commissioner, Punjab, we cannot do better than quote his closing paragraph :
““In conclusion, I think it will be advisable before making any alteration in the diet
scales of the Province to appoint a Committee to consider the diets of the people
of the different districts of the province, to carry out experiments on the chemical
composition and digestibility of the different food grains in use in this Province,
and then, having fixed upon suitable diet scales, to try them first in one or two
jails in this Province.”

The last of the official papers connected with this subject is the correspondence
relating to the dietary in force in the Andamans. We shall have occasion to malke
use of the experience gained as to the suitability of the diet scales in force in that
Settlement when we come to consider the proper proportions of the different food-
stuffs constituting satisfactory diets. '

The Scope of the Present Enquiry,

The followi ig extract from a letter from the Sanitary Commissioner with the
Government of India to the Government of Bengal gives an outline of the s
required to be carried out :—

** To begin at once the investigation into the su tability of the diet seales pre-
scribed for prisoners in the jails of Bengal. He should be required to estimate the
actual nutritive value of the different food-stuffs entering into the d letary of the
prisoners ; this will involve—-

{1) Chemical analyses of the foods. "

(2) An estimate of the quantit‘_iea of each proximate principie in the diet
scales.

(3) Chemicai examination of the excreta,

(4) Chemical examination of the blood. ; h -

(5) Also to enquire into the efiects of the different kinds of dal on nutrition

~ und on intestinal disorders.

W
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(8) The effects of the large amount of carbohydrate on nutrition and on

intestinal disorders. = 2 ‘ :

(7) The effects of the large quantity of salt which is at present given to

isoners.” s
prisoners v 5

Aswill be evident a pretty extensive programme was outlined'for our guidance in
the investigations. Some of the points we have been barely able to touch on, while
others have been very thoroughly enquired into. y

The estimation of the nutritive value of the dietaries has turned out to involve
a very great deal of work and has taken up at least 90 per cent. of the time that
could be allotted to the enquiry from official duties. This part of the work is by far
the most important and of the greatest interest. So far as India is concerned it is
entirely new—except for observations * on four prisoners in the Presidency Jail,
(Calcutta, already referred to ; these were on prisoners who were getbing fish in their
diet and are not quite comparable with what is found in the case of a strictly vege-
tavian diet. A good deal of work has been done on the Continent and in America
on estimations of the nutritive value of separate food-stufis and of mixed diets, and

it was thought that by making use ‘of the same methods as employed in those

investigations, this part of the enquiry would be a comparatively simple matter.

Such, however, did not prove to be the case; it was found that new methods of

investigation had to be devised, to meet the difficulties emcountered in applying
the old methods to diets composed almost entirely of vegetable matter and
showing an exceeding low co-efficient of absorption.

In the work hitherto done on the nutritive value of food-stufls and dietaries

in America and Europe the materials under investigation all show a very high

percentage of absorption for the several proximate principles. Thus Rubner

and Atwater’s | fizures give—
. _Hmt& : \
‘ Fish } ¥ ; X i . 9195 9,of protein absorbed.
o %
«  Milk
. Haia‘.& - . - = 39 c:fi;l 1] 1] it
¥ Rim s . . . . . . 84 % .y 1] 2
Pﬁ.ﬂ.ﬂ- R - . 8 ' : B 82&% i 2 3
: ﬂ o BBE.'DE < e . 7 . & Tﬁ % R i)
w . WhaeWheatBresd . - - 0% w =

61--813% » s
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Without going into detail of the investigations carried out on absorption in
" these countries we may say with Hutchison that. taking the general results of
all experiments, it is calculated that the ifollowing proportions of the nutritive
constituents will be absorbed from a mixed diet ** :—

i~

: Protein. Carbohydrate. l"“
Animal foods . S el 1009, 979%
Cemais and Sugars . . 859%, 989, *]L}W
Vegetables and Fruit . 8094 959 9094

Later experiments, particularly in America, appear to give lower figures
specially for the cereals and legumes ; however, we may accept it that the co-efficient
of absorption is very high.

These results were obtained from experiments on batches of one, two, three or
four men observed for one, two or more days. The batch was put on a ““basal ”
diet—a lmown diet from which a known amount of protein, carbohydrate and fat
would be absorbed ; then to the basal diet the food material to be examined was
added. By caleulation from the result of chemical analysis of the excreta before
and after the new food material was added the co-efficient of absorption of the
proximate principles is obtained in the usual way. This is the method—intro-
duced by Bryant and Milner—that we made use of in our investigations. It
was modified to suit the special conditions of our work.

By this method or others on the same lines, the co-efficient of absorption of
the alimentary principles of the separate food-stuffs composing a diet in Europe
and America have been worked out, and fixed figures are published representing
the percentage of protein, carbohydrate or fat that is absorbed from any of the food
materials in use in those countries. Thus for protein according to Atwater} we find
the co-efficient of digestibility given for the several classes of food as follows :—

Soups S ’

geais | co-efficient of digestibility 979/

Fish p : T

Eggs - S 4 ¢
Cereals - 2

Bread - . »
(rackers (biscuits) 5 7 83—859.
Vegetables . J : =
Fruit . g
Legumes (average) ¥V » i (about) 769,

The results of our investigations would appear to show that no fixed figures

for the co-efficient of absorption—at ledst for protein—of the different food

~# Hutchison, page 14.
4 Atwatér: Stos Agricultural Experiment Station, 9th Annual Report 1896,

o
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mhaterials can be arrived at so far as Tndian jail dietaries are concertied. The
percentage of the protein absocption of the whole diets—and this applies to
the individual parts composing the diet—was found to vary very lazgely with the
actual quantity or bulkiness of the diet. ‘

‘4

In diet scales in force in America and Europe the qu:zstfon of bulk hardly
comes into play—the diets are very much concentrated and are never sufficient in
quantity to cause distension of the stomach, while the contrary is the usual
condition in all jail diets in Bengal. This question of bulkiness isa very
important one from the standpoint of the absorbability of a diet. It is an attribute
common to all vegetable foods, and, when we say that the average weight of the
food (cooked) consumed in a day by a Bengali prisoner is somewhere about 140
ounces and its bulk more than sufficient to fill a good sized hand basin,* it is not
to be wondered at that the diet is bulky out of all proportion to‘the amount of
nutriment it contains. Noris it to be wondered at that this bulk interferes w ith
its digestion and the absorption of its proximate principles : this is due largely
to the difficulty experienced by the digestive juices in penetrating such a mass,
and to dilatation and weakening of the walls of the stomach with an accompany-
ing loss of power in passing the mass on and causing 1t to be mixed with the

_ gastric juice. But, perhaps, even more important is the fact that the large

mass stimulates and hastens the intestinal movements, so that the contents
are hurried on—absorption being thus inefficiently carried out.

We found very early in the investigation that the question of bulk was a most
important one from the standpoint of the nutritive value of the dietaries of Bengal
jails. In fact, amongst the first set of experiments made were those in which
the ordinary quantity of rice was increased in one batch of prisoners whilst in an-
other batch it was diminished ; the results showed that increase of bulk, by the
addition of more rice, caused a diminution in the actual amount of protein under-
going metabolism whilst diminution in bulk had the opposite effect. It is not
therefore; to be wondered at shat, when we took the ordinary jail die1l;. ‘as our
“basal diet’’ and added more of any one ingredient of that diet, instead of obtaining
figures for the co-efficient of absorption similar to those given by the observers
above-mentioned, we got a negative quantity. Further, we found that by dimin-
ishing the quantity of any of the ingredients, such asrice, not only was there an
increase in therelative amount or percentage of the protein absorbed,but that there
was also an increase in the actual amount bf protein undergoing metabolism.
It was only after reducing the amount of the ordinary jail diet until the pro-
tein absorbed from it appraached the lower limitg of nitrogenous equilibrium that

k-

* -m,t.y_giz vzs, of dry rice when cooked measure about 2800 c.e., even when lightly packed in a
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- were able, by using Bryant and Milner's method, to aet figures for the co-

efficient of protein absorption that were at alleomparable with those of Rubner,
Atwater, ete:

-

We found. that for different quantities of the food-stuff in the diets
t}xamined differert proportions of their contained protein were absorbed, and that,
instead of finding a figure that represented the percentage of protein absorbed for

" varying amounts ef rice, wheat, dal, ete.. for each separate quantity of rice,
wheat, dal, etec., above a certain amount. o different percentage of its contained
protein would be absorbed. - This is a very different result from what would appear
to be the case from the work of investigators in Europe and America ; but it is
covered by a simple explanation. ' If we assume that 85 per cent. is the maximum

; of protein absorption possible on a diet of cereals and legumes, then, under ordi-
nary physiological conditions, that 85 per cent. will be absorbed : this is what takes
place in the class of diets in which investigations on the co-efficient of protein
absorption have been carried out in America and Europe—the quantities added .
to the basal diet have never caused the total diet to exceed the amount the
stomach and intestinal juices were capable of dealing with.

1
|

Now, when a gradual mmcrease in the quantity or mass of the diet is made,
after a time there is reached a point at which the mass or bulk begins to interfere
with absorption, and any further increase causes greater and greater interference,
so that thereis a fall in the percentage of protein absorption from the assumed
85 per cent. to a much lower figure whose value depends on the greater or less
interference that has taken place ; this is what we have found to be the case in
the dietaries of the Bengal jails—the quantities of the several food-stuffs over-
step the physiological limits with the result that absorption is greatly interfered
e with and, instead of having an all round absorption of about 85 per cent. as
obtains in Europe on vegetable diets, we have an absorption from the ordinary
jail dieteries that barely touches 55 per cent. What is true for these dietsasa

" whole is equally so for the difierent food mnteria]ls, composing the diets, whether
these be rice, wheat ata’ or dal.

For these reasons early in the investigation we had to give ap all idea of dis-
covering more or less constant figures that would represent the percentages of
protein absorption from the different food-stuffs composing the jail dietaries, IE
cuch constants had been found then the arranging of jail diets based on the real
autritive value would have been a‘fairly simple matter. As owing to the above-
mentioned circumstances this method was found impossible we next turned to the

y variations in the nutritive valuesof the’diet scales as 2 whole in order to discover
what combination of the several items of the diets gave the n'l_ast favcmralhla results,
and in what Guantities these several items should be combined. Tt will be fairly

-
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- evident, assuming as before that 85 per cent. of the protein of rice is absorbed so

long as the quantity of rice does not exceed a certain amount, *that if we increase
the quantity of rice beyond this amount, cvenif a smaller percentage of the
Protein is absorbed, the now greater quantity of protein from the inereased amount
of rice multiplied by a slightly diminished co-efficient of absorption will give an
actually greater quantity of protein undergoing metabolism in the body. This
will hold true up to a certain limit and when this is passed, the actual amount of
protein undergoing metabolism will diminish instead of increasing as more and
more rice is added to the diet.  An illustration will make this line of reasoning
clear : —

Sﬂlﬁpﬂg‘-iﬂg 5 grammes of nitrogen in the form of rice to be the maximum
amount from which full absorption takes place, then 5 X 0'85 =
4°25 grammes is the amount of nitrogen undergoing metabolism.

Now assume that for every increase of 1 gramme of nitrogen in the form of
rice there is a fall of 10 per cent. in the co-efficient of absorption then :—
6 grms. nitrogen X *75 gives 4°50 grms. undergoing metabolism
T s 1 o iR L s s i
B 7 X ‘00 5 440 ,, " T

80 that we obfain the maximum absorption in our illustration with 7 grammes,

- and the amount of rice present in the diet from which this maximum absorption

takes place we may call the optimum amount ; of course, it is understood that all
other constituents of the diets remain constant.

Basing our investigations on this principle we have worked out the optima
amounts of the different food-stufis made use of in the dietaries of Lower Bengal
and Behar, and plotted our results out in the form of curves of absorption under
varying quantities of each different food material whilst all other constituents ave
kept constant. It.will be readily admitted that, having found the particular
quantities of the different food-stuffs from which the greatest amount of protein
13 absorbed, we have got the particular quantity of each food-stuff that is the most
useiul to she bud_v; and, therefore, the most economical so far as that type of diet
is concerned ; and, by combining those quantities of the food-stufls available in
Bengal and Behar, we get diet scales based on the real nutritive value of the foods
of the country. It will be evident that inyestigations carried out on this plan
entailed an immense amount of work as compared with the simpler methods in use
in Burope’and America. Instead of our being able in a few experiments to obtain
the nutritive value of a * basal digt ”* and then add rice, wheat ata, different dals
or makkai ata to it, and caleulate from the percentage of the extra amyunt
absorbed the co-efficient of protein absorption for each food-stuff, for every
foodsstuff a whole series of experiments had to be carried out to obtain its curve

of absorption under varying conditions. ¢
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Thus, for wheat ata in thé'_Behar diet we had to arrange for a series of diets
on the following plan :— -

- * [ a Wheat ata Diet I.
z Rice - ' i hide e
y Dal “e o Constant + (I *5y JX1,
zVegetables g PR e a

€ ¥ 2 ] LE \."

- [ Each of these dieis entailod one week's work 1

"
I,_—'—__.A.

a, b,c,d, and e are gradually diminishing quantities. And the same had to
be done to get the curve of absorption for the protein of rice and to a smaller ex-
tent also for dal. To have done this for all the different kinds of dals in use would
have taken months of work, and more time than we could spare ; 1t was, therefore,
carried out for two of the principal dals, and by other methods of investigation the
relative nutritive value of the other kinds of dal was estimated. Besides investi-
gations of this nature to discover the quantities of the food-stufis and the combina-
tions of those quantities from which the maximum absorption is obtainable, many
other observations on the effects of meat, fish, wheat ata on Bengalis, etc., were
carried out. Some most interesting results were obtained, amongst the more
important of which were the influence that an anima) protein-exerts in causing an
increase in the protein absorption seemingly out ot proportion to the amount of
protein it contains, and the favourable influence that wheat ata has on protein
o absorption when it is added in small quantities to the ordinary Bengali diet.
We have discussed the nutritive value of Indian jail dietaries nearly always
from the point of view of the absorption of protein, leaving the carbo-
= hydrates and fats out of consideration. This is due to the fact that protein is of
pre-eminent importance in a diet. Major Macnamara sums up the reasons
for attaching much greater importance to protein than to the other Proximate
principles as follows :—
1. A certain amount of nitrogenous substance must be present in all
. dietaries, and cannot be replaced by any other aliment.
2. All nitrogenous articles of diet also contain carbon, whilst all carbon-
aceous substances do not contain nitrogen.

3. All diets composed largely or entirely of vegetable substances, such
as are those of the natives of this country, are not likely to bé deficient
in carbon if the nitregenous principles are present in sufficient
amount.

) We shall have more to say regarding the excess of carhohydrate in the Bengal
jail dietaries when we come to the work dealing with the c?mpositiun of those

dietaries.” c
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At present it will be sufficient to point out that abundant experimeéntal evi-
dence has accumulated to show- that the nutritive values of the fats and carbo-
h?’drﬂ.tes of food are almost proportional to the amount of energy thatthey can fur-
nish ; consequently it is only important that the quantity of sither or both be
such that their total energy, when added to that of the proteirt of the diet, shall
supply the afnount required by the body. The maximum amount of energy that
can be obtained by the body is not the total potential energy of the food con-
sumed, since the potential énergy of the corresponding feces must be deducted.
Furthermore, the body is not capable of completely oxidising the absorbed protein,
the incompletely oxidised products being excreted in the urine, and the energy
elimated in this way must also be deducted. The net or actual energy-value to
the body is the total potential energy of the food minus that of the corresponding
f@ces and urine.* In dealing, however, with the vegetarian dietaries in forece in
Indian jails another factor has to be considered with regard to the energy or fuel
value of a diet ; this factor is the excessive fermentative processes in the digestive
tract. Anyone who has experience of the effects of excessive carbohydrates in the
diet will readily recognise the clinical features of excessive intestinal fermentation
in the noisy eructations, flatulency, tendency to diarrheea and colic and, above
all, the changes in the appearance and character of the fzces—soft from admixture
with gas, and light brown to yellow in colour for the same reason—exhibited,
sometimes in a marked degree, by the prisoners examined by us.

This excessive fermentation of carbohydrates constitutes an important
source of loss of potential energy of the diet, through the conversion of sugar or
starch into carbon dioxide and fermentative products of low ecaloric value, such
as acetic acid, lactic acid, ete.

This loss, which ma% be large in amount depending on the degree cf fermenta-
tion present, will reduce the fuel value of the diet very considerably, and may
afford a likely explanation of the remarkable want of body fat in many of
the ordinary working population of Bengal. The loss of fuel from fermenta-
tion being so eonsiderable that, although the diet is exceedingly rich in carbo-
hydrate material, none or only a minimum can be stored and even in some cases
where under-nufrition is well-marked, the body tissues are drawn on to meet the
caloric requirements. This method of waste due to excessive carbohydrates in
the jail dictaries of Bengal is, we believe, a most important factor and one t!la.t:
must be taker® into consideration not only in calculating the fuel value c:f' the diets
but also in connection with the intestinal troubles that are so prevalent in Bengal
jails and indeed amongst the people generally.

Qo far as we know there is no method by which t}%is loss can be even approxi-
mately computed § but that it is an important factor in reducing the fuel_ value of

* The parrative requirementa of the body. Benedict, Americun Journal of Physiclogy, Vol"X VI, No. LV.

.
L - . 1




. 18

the food Will be readily admitted ; and it, therefore, introduces a fallacy into any
determinations of the energy requirements by the respiration calorimeter under
conditions of excessive fermentation.

No work ]13[.3 been done in India on the determination of the energy require-
ments of Indians of different size, age, sex and degrees of bodily activity. Accept-
ing that the law of the conservation of energy obtains in the humian organism,
such work will require the determination of the energy-output per day in terms of
the total heat-output by means of the respiration calorimeter. Any calculation of
the heat-value obtained from the food that is based on the number of heat units
furnished by that food must, therefore, take into account the loss in the urine and
faces, and the loss incidental to fermentation in the gastro-intestinal tract. We
have no observations on the total loss of heat in the urine and fwces of prisoners on
any of the diets investigated and, as stated above, there is no means of deter-
mining the loss due to fermentation.

We are, however, able to present the energy values of the different food-stuffs
in use in the jails of Bengal determined by means of the calorimetric bomb. For
these results we are indebted to the kindness of Professor Benedict of the Carne-
gie! Institute of Washington, Boston, who, on hearing of these investigations, at
once offered assistance in the determination of the energy values of the food-
stuffs. To Professor Benedict we desire to express our thanks for the kindly
interest he has taken in the enquiry and for the help he has rendered us.

We shall conclude what we have to say regarding the scope of the present

-enquiry by giving a short, concise

Account of the work done.

1. All the different food-stuffs in use in the dietaries of Bengal and Behar
jails have been analysed. As will be seen from the tables of analyses this
involved a good deal of labour; but in addition to these, which were all carried
out at the beginning of the investigation before work on nutritive value was
commenced, we almost invariably analysed the difierent food materials entering
into the composition of the dietaries whose nutritive value was being examined.
This was found necessary in order to obfain an accurate estimate of the total
protein intake ; the nutritive investigations being carried out during both the wet
and the dry seasons of the year differences in the percentage of moisture caused

‘considerable variations in the percentages of the different proximate principles.

This part of the work entailed about—

300 Kjeldahl’s estimations of total nitrogen.
180 determinations of carbohydrate.

130 »5 33 :[!“L
B0 = ,, moisture. :
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In all 60 different samples of food-stuffs, obtained from seven different
jails in Bengal, were analysed.
2. Investigations were carried out in the following Bengal Jails :—
Presidency Jail, Calcutta ; Central Jail, Midnapore’ Puri Jail; Cen.
. tral Jail, Buxar; Central Jail, Bhag'ulp'ﬁr; Ranchi Jail ;
o Motihari Jail and Darjeeling Jail. Thus the different peoples
of the Province were all included. 4

3. The number of prisoners in the different jails who were under observa-
tion in the investigations were :—

& .
(1 %
P

Presidency Jail, Caleutta,
5 prisoners under observation for 19 days.
o = N
: 10 7 7 ,, sr B
R ™ .. i o R | S
i 3 ' 10 i3 - . T

Total 55 prisoners. investigated over a period of 112 days.

= ‘ Midnapore Jail,
S 2 20 prisoners under observation for 19 days.
- .'Fi_ L

e

Puri Jail.
16 prisoners under observation for 18 days.
. 8 5] Fye a3 a3 14 L
L.
0,

1 2 ¥ 7 b5}
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= o The whole jail—abeut 200 prisoners—has been under observation since 1st.
- . January 1909, abott six months. -
S ' The prisoners have been divided into two batches, and each batch has been
kept ona ﬂéﬁﬁ based on the information gained from these investigations.
: Y report of the results olitained will be found further on.
R Motihari Jail,

g o e -

L) o 25 prisoners under observation for 16 days.

Buzar Jail.
20 prisoners under observation for 52 days.
25 Rl - ar £ 1" 1'* EH
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Ranchi Jail.
16 prisoners under observatiow for 14 days.

Darjeeling Jail.

:-_ - 13 prisoners under observation for 12 days.

LIRS b X e b

1% = " o
In the work of investigating the nutritive value of Bengal Jail dietaries
we have had over 250 prisoners under observation for 350 days. During this
time these prisoners were actually fed by us on a known diet, and their excreta

collected for analysis.

. 4. Chemical analyses—
¢ (@) Determinations of total nitrogen—1,950—which in addition to 300 in
food analyses brings the total Kjeldahl’s determinations to 2,250.
[Every determination was done in duplicate in the analyses .
“of the excreta.]
This does not take into account a very large number of
controls, nor the determinations of urea as nitrogen.

(b) The total chlorides were estimated in every specimen of urine and
freces that came under examination—the total estimations would
therefore be half the number of Kjeldahl’s determina’t&-:}n, but to

e this must be added about 350 special salt-metabolism experiments,
bringing the total up to about 1,500.

o

(¢) The free ammonia of the urine has been estimated on about 200
different occasions. ;

(d) A large number of observations have been made on the amount of
urea and its relationship to the total nitrogen. These determin-
atlons were carried out by the Mérner-Sjéqvist process as

¢ modified by Bodlker. ’

L]

() The uric acid, purin bodies and phosphates have all come under
observation during the investigation. o

5. Blood examinations—

A large number of blood counts and hemoglobin estimations, have been
done in connection with the effects of salt on the system, We
have also made extensive enquiries as to the effects of large
amounts of salt on body-weight, on the percentage of corpuscles in
the blood, and on the percentage of chlorides in the serum; but,
as the methods of accurately investigating the percentage of cor-.
“puscles requires much time and the use of an electric centrifugal

-
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machine (which was not available in the different jails), no great

g

— e rave et =

amount of attention was given to this part of the work on

o . prisoners ; a certain number of observations were, however, carried

. out in the Physiological Laboratory on the menial staff and on
: animals,

2 Methods of work.

6. A short account of our methods is necessary in order to give some
indication of the extent of the investigations; and at the same time it will
obviate any repetitions in the account furnished of our results.

e

I. Analyses of Food-stuffs and Exereta.—The food materials in use
in seven different jails in Bengal were analysed as resards their
protein, carbohydrate, fat, moisture and ash. As will be seen from
the tables of analyses, we were not content with a single analysis,
but made repeated analyses of the same sample to obtain an
average that would be, as far as possible, absolutely accurate. To
ensure this we estimated the protein in at least six samples—often
more—oi the food-stuffs from the different jails, and never
accepted any result that departed more than 05 per cent. from
the average of the analyses closest to each other in amount. This
we considered necessary as the food-materials are often con-
taminated and it is difficult to obtain samples absolutely pure—
this remark applies particularly to the dals which are often mixed
with one another. As will be seen, we were able to obtain results
that are exceedingly close to each other, and may justly claim that
the average percentages presented are, for the samples analysed,
aksolutely accurate.

The protein estimations were all carried out by the Kjeldahl
process as modified by Bernard Dyer. A modification which we
found of the greatest service was to add a few drops of a weak solu-
tion of phenolphthalein to the cross-tube leading from the distilla-
tion flask ; as soon as the ammonia begins to come over this indica-
tor becomes red and remains so until all the ammonia is distilled
over, when the colour disappears. By using this simple method a
great source of trouble in Kjeldahl’s process is eliminated, wviz., a
want of knowledge of the proper time to stop the distillation. Tt
will be evident that to lay down any definite time, such as half-an-
hour, as usually stated, is manifestly absurd : the time required will

. ° 5 depend largely on the source of heat used in the distillation, and
furthermore, we found that different samples of the Ea. tance
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often required different tires for complete distillation of the
ammonia. To state that the distillation should go on until

" a certain quantity of fluid had passed over—one of the rules given

forguidance—is fallacious. We found that very varying guantities
of Puid passed over in different distillations before all the ammonia
was collected. It is, therefore, most important to be able to say
defiritely whether at the end of half-an-hour or at the end of an
hour, and whether we have distilled over 300 c.c. or 500 c.c. of
fluid—that we have obtained all the ammonia from the sample
and collected it ready for titration. This we are in a position
to do by using the simple method, here introduced and made use
of by us in over 2,000 Kjeldahls with the most gratifying results.
We have no hesitation in saying that 99 per cent. of the protein
estimations made in these investigations, in which two or more
samples of a urine or feces were put up, the results obtained tallied
within a decimal place of each other, and in a very large pro-
portion absolutely identical results were obtained. We have found
that with proper care and by keeping the conditions the same the
most accurate results can be obtained. As a proof of this we were
able to point out to a firm of manufacturing chemists that their so-
called pure sulphuric acid contained a small percentage of nitro-
gen which they subsequently admitted to be the case. This we
discovered from a comparison of the results of controls made with
this acid and that formerly in use. Estimations of the nitrogen
in weighed samples of pure urea gave similarly accurate results,
when the distillation was stopped on the ioss of the red colour
of our indicator. '

Estimation of the ammonia of the urine :—
1. The method followed in every instance was that described by Nencki

and Zaleski in which the urine, after liberation of all* free ammonia.
by the addition of lime water, is distilled i vacuo at 2 temperature
not exceeding 50°C. Here again we found the addition of a few
drops of our colour indicator of the greatest service in intimating
when the ammonia began to come over, and when all avas over.
Tt simplified and shertened the whole process, besides affording
trustworthy evidence that we had obtained the full amount pos.
sessed by the sample examined, and that our results were accurate.

The analyses and estimations of otlfer constituents of the urine
and fmces were done by the ordinary methods described in fext-

“ books and call for no comment from us.
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The Carbohydrate of the food-stufis analysed was estimated
by completely changing all the carbohydrate material into sugar
by the action of hydrochloric acid, and then estimating the per-
centage of sugar by Fehling’s method, checking the results by
the Pavy-Fehling method or the Picro-Saccharometer.

« The Fat was estimated in the usual way by means of
a slightly modified Soxhlet apparatus manufactured to our
drawings by Messrs. Baird and Tatlock, London.

The moisture and ash require no comment.

11. The method of procedure when we came to investigations on prisoners
was almost invariably to use as our unit a bateh of five picked
prisoners—in &4 few cases we had four in the batch, in some
six and in some ten, The excreta from these five men—or from
the batch—were pooled, and in every case two samples of the urine
and two of the fmces—when examined—were put up for nitrogen,
and a sample of each for chlorides ; one of the urine for ammonia
and sometimes the urea, phosphates, purin bodies, ete., of the
urine were also estimated. The specific gravity and reaction of
the urine was always taken. The weight of the prisoners making

o up the bateh was taken every day; it wasnoticed that while

individual prisoners varied in weight from day to day, the average
weight of the batch after the first three or four days remained
practically constant.

.
T
]

The prisoners to form the subjects of the investigations having
been chosen, were isolated from the other prisoners. In the larger
jails we were able to make use of a block of cells with a common
yard where the work given to the prisoners could be carried out,
and where they were able to get air and exercise while at the
same time the facilities for feeding and collection of excreta were
much greatet than was the case in the smaller jails. In the
smaller jails a large block of cells wasnot available for this
purpose ; we were always able however to obtain some godown
or store for the isolation of the batches.

The next step was to put the batches on the diet that we wished

°  to investigate. This was 115133.].1? done for some days before any
collection of the urine and feces for analyses was made, in order to
give time for the proper amount of protein to be absorbed and
nitrogenous equilibrium to be established, and to allow of the usual

s F : increase in body-weight which we found to occur when the

$ prisoners were first put on a diet weighed and distzibuted by us.
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At every change of diet the same routine was observed, s.e., .
the prisoners were kept on the diet two or more days before collec-
- tion of their excreta for analyses.
IIL. Thé feeding of the prisoners was carried out on the following plan :— :
- The amount of each separate item of the diet was wo ighed dry '
before cooking, again weighed after cooking, and then® distributed
to each separate batch of prisoners under observation. Any cooked
food that remained uneaten was weighed, and its amount in the _
dry form caleulated and subtracted from the total dry material of A
the diet. The total value of the diet in proximate principles
was then determined by analyses of the food materials actually
in use at the time of the experiment.
IV. The collection of the excreta :—The pooled urine and pooled fwmces
of the prisoners forming the batch were collected, measured—or

weighed as the case may be—and samples were taken as required. o
This was done usually for five days, sometimes more, for each
set of observations.

In the investigations carried out in Calcutta, there was no
difficulty as the excreta were sent to the laboratory every morning ;
but for jails hundreds of miles away from Calcutta we had to make
special arrangements. The plan that we finally adopted and which .
gave very satisfactory results, was to have the urine and faces
measured or weighed, as the case be, on the spot and samples put P
up at once : for nitrogen with the usual amount of pure sulphuric -
acid; for ammonia with calcium hydrate; for wurea with '
the barium hydrate and chlorate mixture, then the ether and £
alcohol solution was added: the fmces were weighed, thoroughly 4
mixed and samples weighed and put up with sulphuric acid for

. . nitrogen ; or dried, weighed, and putup. By following this method

we eliminated all source of loss of nitrogen from decomposition, ) :
and were able to make a week’s collection hefore sending the
= samples to the laboratory. This was a matter of some importance

for some of the jails dealt with were over 300 miles from
Calcutta—one being 411 miles away.

The samples obtained in this way were collected in reagent
bottles with ground-in glass stoppers; for safety, the stoppers were
sealed and tied tightly in, and the bottles were packed in a parti-

y tioned box—a partition for each bottle—with saw-dust, and care-
| fully guarded the whole way to the laboratory to prevent breakages.
; ; We had practically no breakages with these Samples.
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In the Presidency Jail, Calcutta, Midnapere Jail and Puri Jail
we estimated the total nitrogen of both urine and feces. In the
remaining jail we decided to rely on the total nitrogen of the urine
for our results. Our reasons for so doing were that we found a
good deal of difficulty in separating the faces asrresponding to the
diet given, owing to the fluid character of the stools. It was
also very difficult to deal with the large volume of fwces passed
by the prisoners, and the unpleasant nature of the work was a
serious source of objection to its being properly performed.

Our main reason, however, for giving up the freces estimations and relying on
the urine—thus following Chittenden’s method—was that we found that, so long as
the prisoners were healthy and taking their food properly, very similar results
were obtained whether we worked with the fwces or the urine.

In order to make allowance for the nitrogen that had undergone metabolism
in the body but was eliminated by the skin, or in the stools in the remains of the
digestive juices and intestinal débris, we decided to add 0'3 gramme of nitrogen
per man daily to the total nitrogen of the urine. This may be a little too low,
but it does not affect the results to any appreciable extent.

As indicated above, we had to eliminate all source of error by examining only
prisoners in good health and at once rejecting anyone who showed signs of
sickness. On several occasions we have rejected a whole batch and the work done
on it for this reason.

Another factor that we had to take into consideration was the gain or loss
in body-weight. Although it is practically certain that, in a very large proportion
of cases, a temporary gain in body-weight is not accompanied by a retention of
nitrogen, but is dueltﬂ retention of water or storing of fat, still we decided to rejech
all observations—in which the urine was relied on—when anything more than a
trifling difference in the average weight of the batch existed between the first a.m:'l
last day of cbservation. As a matter of fact while there was, in every instance, a
gain in weight as soon as the prisoners were placed on a weighed-out dietary, after
the first few days the average weight of a batch remained practically constant.

In this connection the very large bulk of the stools passed and their average
weight was a very marked feature ; furthermore. it was noticed how very similar
the percentage of nitrogen present in the mixed freces of a batch was from day to
day whatever the weight the stools happened to be, or wha.t:ever the diet given.
This has been observed by other workers® and, without pressing the point, it was
found that the percentage of nitrogen of the fieces was {fairly uniform under
different conditions, while the amount of total nitrogen varied largely with the

_total weight of the stools passed.

* Prausnitz, Zeitsch f. Biologie, 1897,
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o We have now traced the history of Bengal Jail dietaries as recorded in the
-excellent papers cited, and indicated the different factors that led up to the pre-
sent investigation. We have given in brief outline an account of the scope of
the present enquiry with some discussion on the difficulties to be overcome, and
an indication of the way in which we have attempted to arrive at the nuiritive
value of jail dietaries and their modifications. We have discussed what the real
value of a diet consists in, viz., the amount of nitrogen it presents that is capable
-of absorption and assimilation, and the amount of energy it is able to furnish
(deducting that lost to the body in the urine and feeces, and the important loss
from excessive gastro-intestinal fermentation). We have given a short résumé of
the present investigations carried out on the different races of people examined
in the several jails of the province, with & description of on methods of work.

Nothing now remains but to give an account of the results obtained with the
conclusions at which we have arrived. In doing so we shall approach the sub-
ject as ‘‘ independent enquirers seeking the truth unconcerned where the evidence
may lead us, and shall endeavour to put all aspects of the question that come
before us in an equally strong light.”

Before proceeding to do this it is our pleasing duty to tender our best thanks
for the kindness shown us, the interest taken in the work, and the able assistance
in its fulfilment, invariably given us by those officers of the Jail Department in
Bengal, with whom we have come in contact during the investigations.

The Inspector-General of Jails, Lieutenant-Colonel W. J. Buchanan, L.M.S.,
has earned our best thanks for smoothing the path and giving us a free hand to
male use of the jails as we found necessary. To the Superintendent of the Presi-
dency Jail, Caleutta,—Major Mulvany, LM.S.—we gave much ‘frouble by
continually asking for prisoners, he never resented our domng so, but, on the
contrary, was always willing to give us every assistance in his power. Captain
Mackelvie, I.M.S., of the Puri Jail, has given us much help in our work in that
jail, and kindly undertook to supervise the six montas’ experiment nﬂnl. the whole
pupulaticm of his jail. Captains Gillitt and Hamilton of the Beharr Jails assisted
us very ably in the work on the Behari—sometimes much to their own incon-

- venience. To Major Maddox, LM.S., of Ranchi, we are specially indebted for
information concerning the aboriginal tribes investigated in Ranchi Jail. .

Lastly, we have to thank Mer. ?iﬁard, Superintendent of Darjeéeling Jail, for
making things easy for us among the representatives of the more truculent tribes
of the hills, -

_ To Professor B. Moore of the Bio-Chemical Department of Liverpool Univer-

sity we ewe a debt of gratitude for much advice regarding some of the more
knotty points that turned up during the course of the investigations.
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CHAPTER I. :
. The Food-Stuffs of Bengal Jail Dietaries.

The food materials in use in the Bengal Jail dietaries nrq.;uil derived from the
vegetable kingdom ; so that, for the time during which they are under confinement,
the prisoners are strict vegetarians. No animal food of any kind enters into their
dictaries, except in hospital and in certain cireumstances which will be referred to.

These food materials consist of rice, different dals and vegetables in Lower
Bengal, and rice, wheat ata or makkai ata (maize), different dals (pulses) and vege-
tables in Behar. The rice in use is of two kinds—Burma rice and Country rice.
Burma or Rangoon-rice, the so-called * white *’ rice, is prepared direct from the
unhusked “paddy” ; it is milled by machinery and the husk together with the
pericarp and surface layers of the seed is removed. The result is a clean white rice
grain, deprived to some extent of its cuter layers and therefore slightly also of its
protein and mineral constituents.

Indian or Country rice is prepared by soaking the *“ paddy * for from twenty-
four to forty-eight hours in water, then transferring it to lightly covered cylinders
in which it is steamed for from five to ten minutes ; subsequently it is removed
to open paved — usually sun-baked mud — courts and dried by exposure to
the sun. It is either stored as  paddy ” or milled at once.

The sample obtained by this process is of a yellowish-brown colour, usually
very dirty from contamination with dust and earth‘acqnired during the dr}'i.ugl_
process. The outer layers of the grain are not lost so that, weight for weight, it
should contains n&ore{‘protein than Rangoon or Burma rice.

Reference to our table of analyses of the food-stufis will show that we did not
find the country rice to contain a higher percentage of protein than Burma rice.
This is probably due to the much greater contamination of the former with foreign
material. Our analyses represent the composition of the food materials as
received from the different jails, and as those materials are given to the prisoners.
They were not put through any preparation such as drying, cleaning, ete., but
were simply analysed as received. Rice forms by far the greater proportion of
the ordinary jail diet. The following are the scales in general use in Bengal Jails :—

In Lower Bengal. In Behar,

Burma or Country rice o b - . A . 26 ozs 16 ozs.
Different dals . . : . . - . Sl S S D SR
Vegetables = i " T : 3 O B
Wheat ata 2] 4 " . . - . 4 10 ,,
- or or
R W R S e O~ S G o Y10
- e 2T
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Rice is the poorest of all cereals in protein ; when cooked it swells up and absorbs,

_about threé and a half times its weight of water, some of its mineral constituents

being dissolved and lost when the boiled rice is strained. Very little of
the protein is femoved when rice is boiled in alarge quantity of water and the ex-
cess of water dramed off—the ordinary method of cooking rice in Bengal
Jails. From analysgs 6f the drained material there appeared to be aloss of about
0°20 per cent. protein.

The percentage of starch in rice is high, up to about 80 per cent. This starch
18 present in small and casily digested grains. Fat is very deficient in rice.

According to Continental authorities,* practically none of the starch of rice
is lost from non-absorption, but the waste of protein amounts to about 20 per cent.
These figures, however, were obtained from dietaries in which the quantity of rice
given was only a few ounces—a very different thing from 4 diet containing twenty-
8ix ounces, so {ar at least as absorption of protein is concerned.

The different dals in use in Bengal jails are :— "

Mung, Gram, Mottar, Arhar, Massur and Kalai dals. They belong to the
naturai order Leguminoseae and are chiefly characterised by their richness in pro-
tein, being termed for this reason  the poor man’s beef.” The chief protein of
pulses is legumint which closely resembles casein of the milk in its composition.
It 1s by the addition of dal to the diets in Bengal that their deficiency in protein is
made up. The amount in the dietaries has undergone a gradual increase and is
over six ounces per man daily.

As will be seen from our analyses the percentage of protein is uniformly high,
but varies in the different kinds of dal in use—Mung and Massur containing up to
26 per cent., Mottar and Kalai somewhat less, and Arhar and Gram dal
less still, in round numbers about 20 per cent. When cooked, dal in whatever form
takes up a large amount of water, usually at least three times its own weight,
This increase in water means a corresponding increase in bulk and must, therefore,
be taken into account in considering the real nutritive value of this form of food.
Investigationsf on the absorption of pea or lentil flour, properly cooked, show
that the pmtcin is all taken up except about 8 or 9 per cent. If, however, the
pulse is not given in a state of fine division, as when the lentils are sm:np]}? hoiled
till they become more or less soft—the method of cooking in Bengal prisons—the
loss of protein has been found torise to 40 per cent.§ In Lower Bengal, rice, dal

and vegetables make up the whole diet—the only variations possible bemn the

ringing of the changes in the different kinds of dal. .
We have already referred to the aalue of this diet as regards its digestibility
a.nd absorbability. We know that if the bulk of a vegetable food given be small

* Humsgawa, Vicchow's Archiv, CXVI.

A nucleo-albumin (Maly’s Jabres-Bericht). see Hutchison, page 229,
1_ Striimpell, Deut. Archiv. £, kli, med. 1870,
¢ Striimpell, loc. cit. &
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end the proportion of contained cellulose scanty, digestion is very complete and
that under contrary conditions, low absorption is to be expected. Unfortunately
the dietaries of Bengal jails are very bulky and contain a large amount of cellulose
50 that digestion and absorption is very imperfect: we have raraly found more
than 55 pez cent. of the protein of the ordinary juil diet, absorbed when the
full diet wasconsumed. This is in general agreement with the findings of other
observers as the following table, compiled by Hutchison, shoivs :—
Relative absorption of the protein of various foods—

Diet. .

Protein not abaorbed.

Meat . : : : . _ : . . . 2°3 per cent.
Lentil lour . ; ; ; ; ; : : il 1153 o [
Dried peas 2 : ] . . : ; : el bt |
Beans . ; . ; : - s ; : GO e
Potatoes : : : : : St b IS
_ Lentils {sonlmd and bmled} : : : : T Ll | p

The fact that in Bengal jail diets the absorption nt protein is on an even lower scale
than that given in the above list can be quite satisfactorily explained by the ex-
treme bulkiness of the prisoners’ full diet when cooked ; as evidence of this we find
that diminution in the bulk of the diet is at once accompanied by an increase in
the percentage of protein absorbed.

One factor in the causation of this deficient absorption of protein, besides those
already referred to, is that the presence of a large amount of starch in the intestines
appears to be unfavourable to the absorption of protein.

Hutchison attributes this to the fermentation of part of the starch leading to
the production of acids that unduly quicken the intestinal movements, and hurry
the contents through the small bowel where absorption is most active, into the
large bowel where absorption is at a minimumn.

That active fermentation does take place on jail dietaries there is plenty of
evidence to show, and there is no doubt that one reason why a diminution in the
bulk of these diets is followed by an increased protein absorption, is that the exces-
sive fermentation is lessened, and the intestinal contents are not so hurried on,
more, relatively and actually, of the protein of the diminished diet being absorbed.
According to Hutchison the total capacity of an ordinary sized European stomach
is about 1,200 gmmme& and the weight of the ordinary cooked jail diet is at least
4,000 granmmes, so that the stomach would be required to be filled to the extreme
limits of its capacity three timesa day in order to get through the total amount.
Of course the habitual ingestion of these bulky diets leads to distension of the
stomach and bowels with a consequent digproportionate abdominal development.
This increase in the capacity of the stomach allows of more food being taken

and also, when the bulk of the food is decreased, gives rise to the- feeling,

L
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for s time, of non-satisfaction and hunger. This, however, SOOI DPAaSSEs off .

when a more nutritious diet is preseribed, the stomach returning to something
like its normal capacity and the feeling of em'ptiness disappearing.

The wheatrata or flour of the diets for Behari prisoners is prepared from the
whole grain by pr‘fson labour by means of small grinding stones. Ifa grgin of wheat
be cut and examified microscopically, the following parts can be made out :—

1. The germ or embryo representing about 1°5 per cent. of the whole grain.

4. The kernel or endosperm consisting of two large masses of nutritive
material. It makes up 83 per cent. of the grain.

3. The bran—an outer envelope composed mainly of cellulose impregnated
with mineral matter, It forms about 135 per cent. of the grain.

In the method of stone grinding the bran is removed, the meal or flour consisting
of the products of the germ and endosperm together. The exclusion of the bran
from the flour entails a loss of mineral matter and some protein from the mmner or
aleurone cells.

This flour is baked into “chuppaties” of different sizes—five ounces of wheat
ata providing about six and a half cunces of “chuppaties.”” The “chuppatie” is
non-aérated and is somewhat of the appearance of a thick pancake.

The chemical analyses of the wheat sent from the different jails show greater
variation than any other of the food materials. This was largely due to the vary-
ing amount of moisture and to the amount of contamination present ; some of the
samples were coarse, dirty and badly cleaned, and naturally gave low results. Itis
quite probable, however, thht wheat grown in different districts shows variation in
chemical composition. Thisisa side of the question which we did not investigate ;
neither did we seek to distinguish between the different sorts of wheat grown in
Bengal and Behar.

In wheat we get the closest approach in the percentage of its proximate prin-
ciples to the ratio of nitrogen to carbon essential for a suitable diet.

Further, the fact that it does not when cooked absorb a high percentage of
moisture enhances its value compared with other cereals and particularly with rice.
Tt would, therefore, appear probable that large quantities of *‘chuppaties™ could

" be consumed without danger of their bulk interfering with absorption. This

may be true if they were given alone or with a concentrated form of food such
as meat, fish, etc., but it does not hold good for the combination exemplified in the
dietaries of Behar jails. :

We found that, combined with constant quantities of rice, dal and vegetables,
up to about ten ounces of wheat ata per man daily the absorption was at a maxi-
mum ; beyond this amount a dimimition in the amount of protein undergoing
metabolism took place. Whether this would be the case if the wheat ata were

baked dnd aézated by European methods we are not prepared to say ; but there’
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can be no doubt that the tough, tenacious “ chuppatie ” is less easily penetrated
by the digestive juices than is the lighter, aérated bread of Europeans. When
<chuppaties are given in fairly large amount with large quantities of rice, dal and
vegetables there is much waste, and our results show a percentuge absorption of
protein in the Beharis very little better than is found in prisaners in Lower Bengal
where wheat forms no part of the diet. Of course the Behart dietaries contain a
very much larger quantity of protein than Lower Bengal diets, so that the actual
amount of protein undergoing metabolism per man daily is greater.

Makkai—Indian corn or Maize ground to flour—forms part of the diet of
Beharis during some seasons of the year. Twelve ounces replace ten ounces of
wheat ata, when makkai is available, in the ordinary jail dietary. It is prepared in
the same manner as wheat ata and is similarly baked in the form of small, very
thick, masses with little cohesion. Our investigations show that its protein is quite
as well absorbed but it does not contain so higha percentage of protein as wheat,
It is not liked nearly so well by the prisoners; they complain that it gives them a
sensation of weight in the stomach and heart-burn. In Darjeeling jail maklal is
given in the form of porridge, which looks much more digestible than the hard,
gritty masses of the Beharis’ diet. The results, however, are not very dissimilar
although to some extent in favour of the Darjeeling method of cooking.

The ordinary vegetables in season are used in the jails. Fach jail has usually
a well-managed vegetable garden so that good vegetables are nearly always to be
had.

We made no variation in the amount of vegetables sanctioned—six ounces per
man daily—we accepted this scale as quite sufficient.

The following tables give the percentage composition in proximate principles
of the samples of food-stuffs received from the different jails.

Special attention was paid to the question of the amounts of protein present—
the most careful precautions being taken to obtain accurate results for the samples
analysed. A The analyses made from the same sample gave practically identical
results.

In Table G we have given the average composition of all the different food

_materials obtained from the several jails of Bengal, with their heat value in calories
per ounce calculated from the percentage composition of the proximate
principles, and .lso as obtained by actual determination from the food-stuffs.
The calculated heat value will be seen to be somewhat lower than the heat
value determined by Professor Benedict fror samples sent from India.

This is what would be expected'; we have caleculated the heat value on the

_percentages of the protein, carbohydrate and fat present, taking no notice of
nor-digestible material, whereas the experimental method gives the total heat

value for everything combustible in the sample.
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b The ealculated heat value, therefore, gives the net amount available to the
- " economy after absofption, while the determined heat value gives the gross
amount available in the sample.

It will be evident how very closely the figures obtained by the experimental
method and by caleulation correspond to each other when due allowance is made
for the presence of ﬁan-d.igeatihle combustible material as cellulose, woody-fibre,
chitinous eoveringatdh ¢te., and for the difference in the percentage of moisture

present in the samples analysed by us and those examined by Professor Benedict
in America. We give the necessary information in a note appended to Table G,
and, at the same time, we desire to express our best thanks for the valuable
assistance Professor Benedict has given us and also for much kindly advice.

Chemical Analysis of Food Stuffs of Bengal Jails,
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: S ‘ TABLE A—contd.

I.—PrEsipENcY Jarn, CALCUTTA.
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TABLE F.

AVERAGE PERcENTAGE CoMmPosition oF Foop Sturr 1N USE IN THE DIFFERENT
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The low result for the protein of wheat ata of Purl Jail is partly

doe Lo the high pereentage of moksture and partly doe to dirt.

The high results obtained io the anslyses of Arharand Kalad Dals were due to thelr contamipation with Massur and Mung Dl
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N ; CHAPTER II.
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. The Nutritive Value of Bengal Jail Dietzries.

" We live not wpon what we eat, bt wpon what we digest,”

The chief uses of food are :— first, to form the tissues of the body and repair
the waste of every-day wear and tear; secondly, to furnish energy for the muscular
and other work that the body has to perform and to vield heat to keep the body
temperature at a proper constant level.

We have already seen that a diet may be considered from two points of view,
viz.: its power or capability of forming new tissues or repairing waste—this
depends principally on its assimilable or available nitrogenous material ; its power

¢ of yielding energy and heat—this is a function of the protein, carbohydrate and .
fat of the diet.

The real nutritive value of a diet depends not simply on the proportions of
nutrients which it contains, but on the amount of those nutrients which can be

« made available to the body by digestion for the building-up and repair of the
tissues and-for the yielding up of energy. Therefore, in the study of a diet it will
be sufficient—so far as its nufritive value is concerned—to estimate the amount
of nitrogenous material that undergoes metabolism in the body and compare thig
with the quantity offered in the diet, and then estimate the potential energy
available in the food compared with the energy given oft by the body as heat or

¢ mechanical work. With regard to the amount of energy transformed in the body
on the jail diets under investigation, we have no experimental evidence to produce,
and shall, therefore, have to rely on the generally accepted standards of the re-
; quirements of the body for fuel, contrasting these standards with the amount of
: E energy available in the dietarjes.
. k The first and more important part of the problem we shall now take up,
giviﬁg as coneisely as possible the results obtained from investigations on pri-
soners on the ordinary jail dietaries and on modifications of those dietaries.
In order to render the work done on the nitrogenous metabolism of prisoners
intelligible 'wa;h_all follow the following scheme in stating our results :—

4

L)
Scheme of work.

A B
s ‘Bengali Diet - . _ Behari diets.
e . ¥ SECTION 1, :
: ke, i?ﬂuﬂoimlnpmmmpnnmﬂm Value of diets in proximate principles,
T 39
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P e . SECTION 2. : -
Amunnt of pitrogen undergoing metabolism Amounts of nitrogen gndefgoing metabo. p i‘
in the ordinasy jail diet, in the case of — lism in the ordinary jail diets, in the case _ |
¥ VBN of— -
(a) B mlin i
. a) Benga : :
o (8) Ooriyas * (a) Beharis {B“"”' .
« . £ Bhagulpore. |
s (e) Aborigines -.
(Ranchi platean) (b) Hill tribes of Darjeeling. P,
SECTION 3,
Effeots of varying the quantities of the com- Effects of varying the quantities of the com- g
“ponents of the ordinary jail diets on ponents of the ordinary,jail diets on nitro.
| nitrogenous metabolism. genous metabolism. |
e e .!I
Ky (The curves of nitrogen-absorption under | (The curves of nitrogen-absorption under ° l;'
3 different conditions) different conditions.) ’
SECTION 4, |

Effects of varying the components of the diet,

Effects of varying the components of then ]
t.e., of adding wheat ata, fish or meat.

diets, i.e., adding meat to the diet.

SECTION 5.

(a) Relative value of Burma and Country rice. |
= ~ (b) Relative value of the different dals in use.

(¢} Relative value of wheat ata and makkai ata. n

|

|

SECTION 6. ] y
Discussion of results and conclusions arrived at.

& 2
A—BENGALI DIET.

y ~ jail diet of Bengal—leaving aside shght variations for : i
ers up to one month and after one month—consists of :— [
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« Thisis t‘.he_ﬂrdiuary diet scale in use for the great majority of the prisonérs in both
the large central jails and the district jails of Lower Bengal. Other scales are sanc-
tioned in which the rice is dimmished by 4 ozs., its place being taken by 3'4 ozs.
of wheat ata or a like amount of Suttoo (fried gram dal ground to meal) but, so far
as we are afvare, the diet given above is the only one in general use.

Lol

SECTION 1.
1. The Value of this Diet in Proximate Principles.

TABLE I

' ]I | \nti. |
' b stard | © . £ . Total
Food-stuff. | Rice Dals. | :J{Tlfﬁ__ HE:EM {!E::ﬁi scorbu.- !ir: Gram-
| i | i tic. s,
—_— - ———— _ __r —_ — — __| = —_
Protein . - 5 ; . | 8163 ’| 30-32 236 x | i " | 0331
v | Carbohydrate . . . . /58055 | o472 906 | .. | i -. | 693-33
|
Fat . o : - : . 680 | 476 1-:38 | 1735 | . = 3040

This calculation is based on the average figures given on Table G, Chapter I. The
_mean of the percentage composition of all the different dals is used n wanmg
‘out their value in proximate principles. Usually three or more dals are in use at
the same time, being given in the diet alternately.

We may, therefore, accept the figures given in Table I as representing the
average value of the diets in use in the jails of Lower Bengal, Orissa and Chota
Nagpur. The value from day to day varies slightly above and below these figures
according to thq particular dals issued in the diet and the vegetables in season,

The apparent value of this diet.

We might hark back to Lewis’ article again and quote his remarks on this
subject :— “ Taken as a whole, the nutritive value of this dietary not only ex-
ceeds nnder every heading, the © “adapted ™ scale, which has been prepared from
English Prison scales, but In most cases the amount of food actually issued 1s more
than is given as a maximum dietary in either “the Conviet or Local Prisons of
England and Wales. Computed on the English standard the seale should su flice for
men weighing considerably more than the average welght of natives of Bengal.”
With this opinion we are in entire agreement ; there is not the slightest doubt but

that it is a most liberal'diet both in nitrogenous material and in its potential energy
F
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-or caloric value. Calculated accerding to the accepted heat equivalents its fudl
value is 3,508 calories, which is higher than that of any of the standard diets that
have been formulated for Europeans and over 1,000 calories higher than is furnished
by Ranke’s diet.

As we shall hiive reason to see later, there are two great defects in this
diet which lessen its nutritive value to a very serious extent, with the result that,
while according to its chemical composition it seems to be superior to English
Prison scales and even to some of the standard dietaries, it is really very much
inferior. These defects are :—

{t) In order to obtain a diet offering 93 gra-nmes of protein derived from rice
and dal the bulk is so great that digestion and absorption are interfered
with, so that a protein metabolism much below the normal takes place,
compared with what would be the case with a European type ol diet
offering 93 grammes of protein.

The amounv o1 protein is therefore deceptive and its real nutritive
value 1s little more than that of 60 to 65 grammes of protein when
offered in the form of diet given in European jails.

(1) The large carbohydrate element is worse than useless. By its mere pre-
sence in the intestinal canal it hinders the absorption of protein » on

account of the fermentative processes that are quickly set up, acid bodies

3 are formed which increase peristalsis and hurry the food through the
small intestine past the area most fayourable for absorption. Further,
the excessive fermentation and putrefaction, rendered possible by the

0 large residue, leads to flatulency, dyspepsia, auto-intoxication and a ten-
dency to mtestinal disorders, diarrhea and dysentery. The excessive
carbohydrate element of the dietary is the source of the very high heat
value, a value far higher than what would be considered necessary for a
European living in a much colder climate, where fuel for the production
of heat 1s a much greater necessity than in India. Further, the
average amount of work done by the native worker in*prison—or out-
side, for that matter— calls for comparatively much less fuel in the food
to supply the necessary energy. So that, neither for the production of
heat nor as a source of energy for work is there any large demand
for carbohydrate, yet we find this element present in an amount
out of all proportior to what would be considered sufficient for a
European of a similar body-weight doing three times as much work and
living in a very much colder climate.

Now fuel supplied and made use of in the system :an only leave the body in the
form of heat &nd mechanical work, so that the Bengali prisoners if they were ablé

-~
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to make use of the 3,500 calories of their dietary must either produce a large amount
of heat—requiring great radiation, conduction, etc., to keep the body temperature
normal—or require really hard labour to dissi pate the caloric value as mechanical
eénergy. Thereis little doubt that neither of these conditions obtdins— neither as
a souree of body heat nor as a source for the energy of muscular contraction is the
large fuel vatue of their dietaries worked off, ;

The question, therefore, arises—what becomes of the great potential energy
offered in these dietaries ? The answer to this would appear to be three-fold : a
part of the carbohydrate, varying in amount according to the needs of the body,
is absorbed—so long as the processes goir 1g on In the intestinal canal are physiolo-
gical—and made use of to supply body heat and energy for muscular contraction ;
4 part undergoes little or no change in the bowel and passes out undissolved and
very much in the [same form as when ingested—this is probably due to its being
bound up with cellulose, so that the digestive juices are unable to penetrate to the
starch granules and set up the changes essential for absorption ; a third part is
broken up in the digestive tract by excessive fermentation, which beginning in
the stomach is continued in the intestines. Tn this wav a very large percentage of
the total potential energy of the diet may be dissipated through the conversion of
1ts starch or sugar into carbon dioxide, methane, hydrogen, acetic acid, lactic
acid, butyric acid, ete., and other fermentative products of low caloric value.

Besides this loss of the potential caloric value there is a considerable amount of
evidence to show that excessive fermentation leads to a simultaneounsly disturbed
digestion of protein, so that a vicious circle becomes established. Tt is highly pro-
bable that the excess of acid products is capable of setting up catarrhal inflamma.-
tion of the small intestine and of inflicting injury on its delicate epithelial lining ;
and there is little E':[mﬂ;t but that many cases of chronic gastritis are dependent
on excessive fermentative activity in the stomach. It is not, therefore, to be won-
dered at that, with these results of excessive fermentation, absorption of protein
and carbohydrate should a]i{:e suffer and signs of mal-nutrition become evi-
dent. The practical evidence of the truth of these deductions is to be found in
the extreme prevalence of bowel complaints in Bengal, the presence of oxaluria,
hyperchlorhydria, toxaemia, increased acidity of the urine, abdominal distension,

acid in the feces, ete.
If further eyidence were required that by excessive carbohydrate fermenta-
tion loss to the body of a very large proportien of the potential energy of the diet

takes place, it is afforded by the practical absence of any marked tendency to the

storing of fat amongst the working population of Bengal.
« We may conclude, therefore, that the carbohydrate element in the quantities

presented in Bengal® Jail dietaries is not only useless and wasteful buf actually

F2
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harmful, ~While agreeing, therefore, with Lewis's opinion on the dietary we con-
demn it for a totally’ different reason ; whilst believing that the diet is excessive
for prisoners of the body-weight of the Bengali, and agreeing that it offers more
nitrogen and enérgy per kilo of body weight than that found necessary in English
prisons, we condermsn it because, on account of its bulk and composifion, much
less than the proper proportions of its nutrients can be absorbed and ‘nade use of
in the system. We shall show, with regard to the most important element—
protein—that the level of nitrogenous metabolism attained on such a diet is ex-
ceedingly low—very much lower than that of prisoners in English prisons. The
diet 1s excessive, not because it entails too high a level of nitrogenous metabolism,
but for exactly the opposite reason.

» SECTION 2.

2. The amount of nitrogen undergoing metabolism on the ordinary
juil diet.

Having worked out the chemical value of the average diet to be about
93 grammes of protein, the next step was to investigate how much of that quantity
was absorbed from the food given.

This was done for the Bengalis, Ooriyas and aborigines of Chota Nagpur.
The work was carried out in the Presidency Jail, Calcutta, Puri Jail and Ranchi
Jail. These three centres fairly well cover the different classes of Lower Bengal
who are on this type of dietary.

(¢).—THE PrEsipENCY Jain, CarcuTra.

In this jail Burma rice was used entirely, to the exclusion of country rice.
One effect of this comes out very plainly in all the_investigations in which the
whole twenty-six ounces of Burma rice was given in the diet, viz., that it was found
practically impossible to get the prisoners to consume the full diet for more than
a day or two. The result of this was, that in the Presidency Jail we have not
been able to obtaina complete series of observations on prisoners showing the
amount of nitrogen undergoing metabolism on the whole diet. We have, however,
a number of observations carried out-when the greater part of the Burma rice was
consumed. From an average of these it will be possible to show the ordinary
amount of nitrogenous metabolism that takes place on the full jail diet with
Burma rice. No observations are included in this series in which less than
43} ozs. cf Buriga rice per day was:the average amount cénsumed.

ral

e -n .k I




.

TABLE II.

45

Investigation to determine the degree of nitrogenous metabolism on a diet composed
v of (practically) the full quantities of the jail scale.

(i) 'Cen prisoners on the full diet of Burma rice and arhar dal observed
for two consecutive days.

| 1
| . - = - N.of | N. obh . of
MIXED BATCHES. Uu'mfi . L[{.L' l'ifn"l} N, Burma | arhar vege. Weight.
| quantity. neton. ol uring. ricn. dali tables, |
|
% o0 | Cirms. Grms. | Grms. Grms. Lbs.
Thres Hindus i ¥ [ 13,000 Acid T2-34 8140 | G020 472 1164
Seven Mahomedans « | 21,790 | o 7471 B1-10 i G020 473 116-%

Total intake of nitrogen—

N. of Burma rice . 162-80 grms.

Total output of nitrogen—
N. of urine

14705 grms.

onstant 10700,

+ N. of arhar dal . - 2D, ‘5 grm. N, perday ¢
N. of vegetables . - 944 per man
— Total N. metabolism . .=157"06 ,,
Total .=292:64 — 5366 per cent. of the total N. of the diet

‘85 grms.

N. per man daily.

: (ii) Ten prisoners on 25 ozs. of Eurma rice aud 3 ozs. each of arhar dal and
massur dal observed for five consecutive days.

: . | XN.of N.ofarhary X.of
Cuontity Re- Total N. : : ; % el
AT OF | of urine. | action. ; of urine. : Bililcn:“ ;ﬁ‘i :-iuts.alss, t:E%:s, | Frhaght
|+ 5 | Grms. | Grms. Grms. Grms. | Lbs.
fl 28560 | Arid G9-16 78:50 G8-38 472 | 1232
[ | 23,020 " 6713 | 7850 | 0833 472 | ..
' Ten Bengali prisoners .4 | 20,430 5 (7-59 7850 6833 472 | 1233
' ]| 26930 71:39 78:50 f8-33 4-72 =
L| 25310 i 6532 | 7850 | 0833 472 | 1232
. |
Total N. of intake— Total output of nitrogen—
N. of Burma rice . . 392:50 grms. N. of urine ' . . 340°59 grms.
N.of dals . s . 341-66 *b grm. daily constan = 250
N. of vegetables . . 2360 . —
Total N. metabolism . .=3656-39 ,,
Total =107-T8 =48°23 per cent. of N. of diet.

=731 grms. N. per man daily.

The percentage of nitrcgen absorbed by this batch was the lowest obtained in
the whole investigation. The reason, so far as we could see, was the condition of
the arhar dal which was of very poor quality and badly cleaned. It appeared also
to be contaminated with some foreign seed.
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& " (i1i) Five pri 25 :
‘Prisoners on ozs, of Burma rice arcd 6 ozs. of massur dal observed over
five consecutive days,
' | Nt ' e |
H H i ‘.- - | N.o ¥
Barom A. QUHBPIL}- Re- i i | N.of Mas.| = 3 S Total M.
A of urine, action. H"frmﬂ' | surdel. | YOBO | Weighd- | ¢ urine,,
24 rice, tables,
! C.C | Grims, Grms, Grms.. | Lbs. Grms.
£ [ 14,850 | Aeid 29-95 27638 236 | 1276 3T
_ e vl 1u20] 3025 37:68 236 | 1278 36-00
Five Bengali prisoners . 9500 |, | 3925 37-68 236 | 1278 34-37
13.8250 | is | 3025 3708 235 | 1278 2586
L 14,240 | 1 3025 37-08 236 | 1276 | 35828
! | |
Total intake of nitrogen— Total output—
N. of Burma rice . . 19625 grms, N. of urine : ! . 186°11 grms.
N. of massur dal . . 18840 ‘5 grm. doily constant . 12:50 ,
N. of vegetables . ! 180, e
————r Total nitrogenous metabolism=198-60 ,,
Total N. of intake e odnan . = 50°10 percent. of nitrogen of diet
= 7'94 grms. N. per man daily.
L%
(iv) Five prisoners on just over 25 ozs. of Burma rice and 6 ozs. of ~magsur dal
observed over five covsecutive days.
l | N.of N. of : No. of I
| T | Rﬂ' -11“_'”:." -\-. £l | N 2%, :
’ - BaTcH A. Quantity | Re , lurma | m:ss e
AZeR 4 i of urine, | action. | of vrine. : :ill:'-:m | jf;n::f':r t:.ﬁ:a. eight
E R === £ ae _ TV T e TSR ¥
.0 | Grms. Crms, {3rms,” Grms, | Lbs.
(|l 8910 Acid 3673 4070 34-26 236 | 116-0
| 2,100 - 3579 3913 | 3426 2:36 | 1158
Five Ben gali prisoners . 10,440 e 42-55 4070 | 34-28 2:36 | 116-0
» | | 5,600 i 33-80 40-70 | 3498 235 116-1
i 7,350 = 30706 ITET I 3426 236 | 1161
Total intake of nitrogen— Total output—
N. of Burms rice . 19910 grms. N. of urine - ; . 185°63 grms.
N. of massur dal . IR0 . *5 grm. daily constant e b L 1|
H- ".'lf Ve tables . L] Bn 1 : . ¥
£ - Total nitrogenous metabolism . 198-13
Total N. of intake oo B2 20 = 5184 per cent. of nitrogen of diet.
= 7°92 grms. per man daily,
* A different sample of massur dal from that used in (iii). The two sets of observations were carried cat at
different scaddns of the year (iii) in the cold weather, (iv) in the rains, "
= o
-3 . . '
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v) Five prisoners on just under 25 ozs. of Burma rice and 6 ozs. of .mung dal
observed over five consecutive days.

i |
| |
! ) T ‘i h T i
Quantily Re- Total X. N. of N. of k N.o 4
Barom A. i asbion: | [obiirine Burma mung voge- Weight.
- rice. dal. tables.
Vo R - -0 - — - __.__I
CLC Grms. Grus. | Grms. Grms. | Lbs.
10,830 Agid HLTEE ) 3762 | 3223 2:30 1150
[ G 3277 37-69 5206 2:36 -
Five Bengali prisonces . 4 . 8,850 i d6-07 4017 32400 230 116-0
WO70 o A543 J3-44 J2a3 2:36 | 116
7,120 5 Si-Gs ALy | 3223 236 | 1150
1
Total intake of nitrogen— Tetal output—
N. of Burma rice . 194'14 grms. N. of urine ; : . 1B1'04 grms,
N. of mung dal o 48081 D grm. daily constant . « 1260
N. of vegetables S b
Total nitrogenous metabolism . 195-54 ,
Total N. of intake I T | = 52'50 per cent. of N. of diet.

= T-T4 grms. N. per man daily.

We were unable to obtain more observations with anything like the full 26 ozs. of
Burma rice consumed, even in those given here there was a decrease from the full
scale. However, as the decrease was small we may accept the average of these as
showing the degree of nitrogenous metabolism possible on pearly the full ordinary
jail diet.

What do we learn from this series ?

By i anintake of 202'64 grms. nitrogen gives a metabolism of 15705 grms.

TR T Lot s o e w . 365'50 |,
BF iji L, mt? 396‘4‘5 L r 72 1] 1 13 ].QEI'E{} L} ]
BF i.\-' L] 2 382-20 ?) 5 3 T % 1 19513 ¥
B}' v T T 36’5'?5 23 £EY 1 1 3r v 193'5*}: o
Therefore arfintake of 2195°%9 ., e < i , 1112:01

. = an average of 50°70 per cent. of the N. of the diet is absorbed.
i the metabolism of 7°69 grms. of N. per man daily.

I

So that Bengali prisoners are only able to absorb a little over 50 per cent. of the
nitrogen of timir full diet, which means an average of 770 grms. of nitrogen or‘ 48°1 2
grms. of protein undergoing metabolism daily. Another point bl_:ought m’“’f in this
geries, and one to which we shall have qccasiﬂn to refer tc-.later, 18 tl?at an lncrease
in the amount of nitrogen given as dal is not accompanied by an increase m the
amount of nitrogen undergoing metabolism. -

-
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Thllag‘ with
- Tice and vegetab
dals, we get :—

practically constant quantities of nitrogen derived from Burma
les, but with changing amounts of nitrogen derived from different
L]

z i (1)  Arhar dal 150°10 grms. N.= 19625 grins,

_N. absorbed.

Basis of N of (ii) {ii‘{::irdﬂl} 170-87,, ,, = 182'79 grms.
five men Burma Constant N. absorbed.
for rice and {fairly) ! (i)  Massur ,, 188-40 |, » = E’S'Ef’ glrm?,

: . absorbed,

five days vegetables : (iv) » 171°30 ,, ,, = 19813 grms.

N. absorbed,
(v) Mung ,, 160'81 ,, , = 19304 orms.
\ N. absorbed.
Neglecting (ii) in which the arhar dal was of an inferior quality, it is evident that
there is practically an identical absorption from the same amounts of arhar dal,
massur dal and mung dal, although the quantity of nitrogen furnished by equal
quantities of those dals varies considerably.

The practically identical absorption shown by (iii) and (iv) is very interesting :
though the amount of nitrogen furnished by the massur dal of (iii) provides 17°10
grammes more than that given in (iv) yet the result is the same. This wo nld tend
to corroborate the view that an increase in the nitrogen given as dal is useless in
causing increased nitrogenous metabolism, and that the limit of the quantity of dal
in the dietaries is reached, if not passed, with 6 ozs. per man daily. o

We might look on these figures from another point of view, and deduce that the
protein of arhar dal and mung dal is more easily assimilated than that of massur
dal. This is very probably the case, and as a matter of fact these dals are
considered to be more digestible than the others by the native population.

This 1s particularly so with regard to arhar dal amongst the Beharis, and, as
we shall have occasion to point out later, variations in the absorbability of the pro-
tein of the different dals can be made out when the total bulkiness of the diet is
decreased. To this, however, we shall return.

(b).—Purnr Jarr, Orissa.

The prisoners in this jail are almost wholly Ooriyas who are very markedly

a rice-eating people. The rice used in the jail is grown locally and is therefore
country rice. We had no difficulty in getting the full amount of the rice of the jail
diet consumed ; in fact it was rather the other way, more could have been eaten
than the quantity sanctioned in the jail code. The prisoners of this jail were,
therefore, particularly well-adapted for experiments in which the amount of rice
in the dietaries was diminished, as results corroborating those found in other jails,
where the ordinary 26 ozs. of rice was only with difficulty consumed, would be of
peculiar value. “We took full advantage of this characteristicof the Ooriyas and,

"
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with the sanction of the Inspector-General of J ails, placed the whole population
of the jail for six months on diets that contained considerably less rice than the
ordinary jail standard. A full report of the results will be found in its proper
place ; at present, all we wish to say is that even this ricu-ua,tint; people, accus-
tomed from infancy to the consumption of enormous quantities of rice, in a

short time got used to the altered conditions and became quite contented with
their new diets.

The Ooriyas on the other hand are not as a rule very fond of dal, the amount
of dal taken daily by the ordinary working population being very small, due largely
to the expense of this food material. They are very fond of fish and all those near
the coast and close to rivers obtain plenty of fish as a part of their dietary.
Most of them, however, live on rice and vegetables as their staple diet.

All we have said, therefore, with regard to the extreme bulkiness of this type
of diet and the disabilities attached to it apply with even greater force in the case
of the Ooriya than with the Bengali. The result is that the physical development
of the Ooriya and his powers of resistance to disease are probably on even a lower
scale than those of the average working population of Bengal, when those of both

-classes who are able to get enough to eat are compared. .

Let us see how the rice-eating Ooriya stands with regard to his power of

absorbing protein from the ordinary jail diet.

TABLE III

Investigations to determine the degree of nitrogenous metabolism on a diet composed of
the full gquantities of the jail scale.

(i) Sixteen prisomers—all Ooriyas—divided into four.batches.—Urine of prisoners
of each batch pooled. The full dist of 26 ozs. of country rice and 6 ozs. of different dals

was consumed.
Observations over three conseculive days.

: | Quantity Reaction - Total Weight i coﬁiiil:j‘ | N.in -.'l.*..f_-zhu,lr::ijiles
BaTcoes. = I mirai & N. | 4 Hakr dal. al 5
| — L ¥R
B ‘, oC. |  Grms. | Lbs, f'.a'il;ﬂlﬂ. E}}E%ﬁ G;-nl;:.
Batcu L 5.260 Acid. 26-70 113-1 2208 | 2575 -0
Four prisoners . ] 5,160 w | 2888 e 3208 | 2410 1406
; I 5000 w | 2890 | 1131 32-08 2520 ; ~2G
- {3,810 o | o419 | 978 2208 2575 06
Four Bﬁfﬁ E 633:1 = 2800 2 3208 24.10 1-06
i 6,230 h | 2574 @ 970 32:08 2520 [ };::Es
! i oge8 | 1008 3208 | 2575 06
e Wi S T 7T 3208 | 2410 106
Four prsoners . . 1000 " e}
k L6090 i 2880 100-8 32-08 2520 - 1406
Baren IV e it 9560 1087 52-08 2575 106
; : 615 : 2884 | .. 42-08 924-10 1-06
i s { 51600 " | o7;1 | l0ss 5208 | 2520 | 198
| .l.!' ¥ r | | : = !
. H
¥
]
.
By »
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= P Iﬂtﬂkﬁ ﬂfnwrﬂgeu '|,u rice . ey a6 grms, 'Dllt-]}'ll.t-r-

A & » o, indel . 300020, Nitrogen of urine . . 330:53 gtm.s.

E_E n i in ﬂgﬂtﬂhlﬂs_ 2359 o f: grm. dﬂlljf constant . 2400 ‘
A= : T # : TR .

M N. intake - . =70868 Total nitrogenous metabolism, 35453 ‘

S - ==D0r02 per cent. of the nitrogen of the diet
r and means the metabolism of 7-38 1
! girms. of nitrogen per man daily. |

. The different dals in use were mung, gram, kalaiand arhar.

(ii) Four prisoners—all Ooriyas.—Urine of prisoners pooled, ona diet of 26 ozs, of 3
country rice and 6 ozs. of arhar dal,

A _ Observations over five consecutive days. L
$: } i | 1 | Nm | Nm | N
. 4 Baren I1. | ufu::lnz Reaction, N, Efﬂutﬁné. Weight. country arhar l've,gatuhlm, & = )
; i rice, dsl. | ete
| : I
. i :
L | grms. Ibs. ' :
. 6970 | Acid. 2666 982 82-08 25-70 | 1-96
| | o ]
| se0 | . 2538 | 982 | 3208 | 2570 | 196 |
Four prisoners 41 Gag0 | - 83548 o 32-08 2570 ‘ 1-93 g
] 580 -1, 2120 = 32-08 2570 1:96 .
LJ 5,780 fims s [ 27-05 - 089 3208 2570 1-93
" I : - L
"y o (2]
Total intake of nitrogen— Output— e :
N.of country rice . 160-40 grms. N. of urine - 13867 grms. i !

N ofarhardal . 12850 ., ‘5 grm. daily constant . 1000
N. of vegetables . 980 .

1y

5 Total nitrogenous metabolism . 14867
Total nitrogen . 4 298:70 =49 Tt per cent. of the ritrogen of the diet,
s _ =T43 grms. of mtmgenperm.undmly

& -
b .

S P ———

(iix‘.l Ehm:pmnnm—all Dnnra&-—-nn the full 26 ozs. of conntry rice and 7 ozs,
s \ of gxm da.l nbnarved over six days,

', the sa.m?& amuunﬁ of mtrogan as ﬂnm. of
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. al
o Observations over siz conseculive duys. a
- -
& . i e . 'T ! |‘|'-.aighl:rut' N.in f N.in N.in
3 il : [Total N. | 3 5
. Bj.'m:t]], of urine, | Reaction, "af ey ‘ PZ‘:’:“' ] m;z:,_w £ gm wgu;;xcl;rlm,
; iy | j _l s 7 [T s
'; "~ ( Gl cl { Grm | l;IJH-- |
‘ : 6760 | Acid | 2660 oss | s20f | o257 196
6750 = | 2093 | 958 | 4208 2574 166
Four prizonsis . . 4| 5425 : g7 ' ; 32-08 2574 106
: | 5,060 i 2770 o | 3208 0574 106
’ 1| 1,3:0 . 26858 - 32-08 2574 | 196
L| 51430 - 2536 | 988 | 3208 0574 196
Tu:al intake of mtrogen— Output—
N. of rice - . 19248 grms. H of urine . 16447 grms.
e N. of gram dal ; . 15444 5 grm. daily constant o
N. of vegetables . : i Ly
3y R — Total nitrogencus metabolism. 17647 -,
= Total nitrogen of intake i =49-20 per cent. of the nitrogen of the diet or
. the metabolism of 7°35 grms. of nitrogen
per man daily.
% 1:&"% A ‘What do we learn from this series ?
o o By (i) an intake of 70868 grms. nitrogen gives a metabolism of 354-53 grms.
R ” By '.In] ¥ 1 T 29870 . 38 23 e I 53 148 67 21
. .. a E B\T{u‘] ELE T 13 SG&EB 13 13 13 1 12 12 17647 33
l_‘-. . ' . o
s Therefore 1 ¥ 1 136606 1 3+ 1 67967 1

=4975 per cent. of the nitrogen of the diet or the metabolism of 7-39 grms.
of nitrogen or 46:20 grms. of protein per man daily.

So that the 1 rice-eating Qoriygis only able to absorb just under 50 per cent. of the

""‘;‘ﬂ-

itrogen of his diet, which means an average of 7°40 grammes of mtmgen or 4625
amme e:f'protam per man daily.
en we compare this result with what was found for the Bengall we see how
ﬁgm tally with each other. There is only a difference of 030
ma;n. da.iljr in the amounts undergoing metabolism : this result
)eEIL | m c,loﬁa: if wemonlﬂ.. have nbtamed ohaervatmns
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on country rice are therefore very simil
tions that country riee has any
over Burma rice although it is
ing Behar. TIn fact, so far
difference exists is in favour
are eaten, €

ar. It would not appear from these observa.
advantage, so far as its nutritive valuo is concerned,
much preferred by the inhabitants of Bengal includ-
as these observations touch the question, whatever
of the Burma variety, that is when the fall 26 ozs,

In these three sets of observations, the full amount of rice being always con-

sumed, the intake of nitrogen from rice was constant ; the intake of nitrogen from
dal was also very nearly identical in each ; thus,

[’ (i) Mixed dals 156:35 grms. N. =184-50 grms,
N. absorbed,
and vegetables } + < (i) Arhar dal 160-62 wa =180'7H pgrms.
constant. I N. absorbed,
(i) Gram dal 161-81 , » =183T5 grms.
N. absorbed,

men for five

Basis of five {N of country rice
days.

and, as will be seen, the differences in the amount of nitrogen absorbed between the
three sets of results is so close as to be within the limits of experimental error.
This affords further proof that with the nitrogen from the other components of
. diet constant and the nitrogen from dal (any dal) practically the same, Very
nearly equal amounts of nitrogen will undergo metabolism.

It is to be noted, however, that it required 7 ozs. of gram dal to provide the
same amount of nitrogen as 6, 0zs. of arhar dal, and that the substitution of these
amounts for each other in the jail dietary is followed by practically an identical
absorption. It is quite possible, however, that an equally good absorption would
have been obtained if only 6 ozs. of gram dal had been given in the diet; but the
alm in view in these experiments was to keep the nitrogen intake as nearly constant .
as possible.

We may sum up the results of these observations on Bengali and Ooriya pri-
soners by stating :—

(1) On an average just 50 per cent. of the protein of the full jail diet is
absorbed, which means the metabolism of about 755 grammes of
nitrogen or 47°18 grammes of protein per man daily. .

(i) When rice is given in quantities of 26 ozs. per man daily it does not
appear to make any marked difference which variety of rice— Burma
or country—is used. _ : :

(iii) When 6 ozs. of dal are giyen, combined with the full 26 ozs. of rice and

6 ozs. of yegetables, it does not appear to matter what kind of dal
is made use of—practically an identical absorption is obtained with
the same amount of dal in the diet, although the quantities of nitrogen
provided by the several dals vary very considerably, This would

.
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lead us to suspect that 6 ozs. of dal per man daily is beyond the
amount from which the maximum absorption can take place. "

(1v) The results stated in (ii) and (iii) do not justify the assumpt-iml that with
lesser amounts of rice and dal in the dictaries differences in the ab-

= sorbability of the protein of these food-stuflswould not take place;

» or that the absorption from Burma rice and country rice would be
identical for different amounts of rice in the diet; or that, if the
quantity of dal in the dietary were diminished;] the same percentage
absorption would occur from the decreased amounts of the several

kinds of dal.

(¢) Raxcar Jain, CrotAa NAGPUR.

We now come to deal with an entirely different kind of people—the aboriginal
tribes of the Ranchi plateau. The hills around this district are from two to four
thousand feet above sea level, so that the inhabitants are very differently sitnated
with regard to climate, temperature, moisture, etc., from what obtains in Bengal
proper and Orissa. As is only to be expected also the physique and
general stamina, capabilities of work and muscular development is on a higher
level than-found in Bengil or Orissa. The average size of the individuals of these
tribes is not great, but they are hard workers, compared with the Bengali or plain
men and very compactly built.

In Ranchi Jail we selected four healthy men from each of the principal tribes
for our investigation. All we attempted to do was to obtain the average protein
absorption from the digt in use in this jail, which was of the ordinary Lower Bengal
type, and to make enquiries regarding any differences in absorption exhibited by
the members of these tribes among themselves, or compared to that found for the
Bengali. As will be evident from the results marked differences do occur both as
regards the several tribes and compared with the Bengali or Ooriya. A study of
the causes of these differences is a problem of importance in the question of the co-
relation of tite protein absorption and physical development and we have enlisted
the help of Major Maddox, LM.S,, Civil Surgeon of those hills, in collecting informa-
tion concerning any tribal characteristics that might throw light on this point. At
present, all we are concerned with is the average absorption shown by these men
when placed o1 the ordinary jail diet. The significance of these results will be

discussed later in the light of the report furnished by Major Maddox, and it will
be further dealt with when we come to examine the development and nitrogenous
megabolism of the hill tribes of Darjeeling and contrast them among themselves,

and with the peoplesof the plains. 3

'
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- Inthe investigations regarding the protein metabolism on the ordinary jail diet
“four healthy prisoners from four different tribes were solected, iso'ated and placed
‘on the diet for a few days before the collection of excreta commenced. Table IV
gives the results obtained.

Eal

-~

& .
TABLE 1V.

= Investigations to determine the degree of nitrogenous metabolism occurring on the jail
diet amongst representatives of the aboriginal tribes of Chota Nagpur.

Four men under chservation for five consecutive days.

|, 2 TPers Quantity . | Total X. | N.of N.of N, of L
I of urine. | oy aap- i of urine. rice. | kalaidal. wgamb]“_iwmght.
e ¢ | | Grms.  Grms. Grms, Grms, | Lbs.
% Pz E | |
8 r 10070  Acid. | 3106 5908 | 2477 196 | 113
T sgi0 | o203 | 2477 | 106 | 1126
Four prisoners . . 3| 9:510 S0 | T 5208 | 2477 196 ‘ 113
11,000 T Y 3208 | 2477 196 | 113
| 12,770 o o |aapss 1 oemos| em 196 | 113
-.! . \ 1 |
‘Total intake of nitrogen— " Total outpui—
_ N.of rice ' 160-40 grms. N, of urine . 17774 grms.

N.ofkalaidal . . 12335 5 grm. daily constant . 1000,
N.of vegetables . . 980 . e
T AR e : ¢ Total nitrogenous metabolism . 18774

~ [otalnitrogen . - 29305 ,

= 6406 per cent. of the total nitrogen of the diet.
=938 grms. of nitrogen per man daily.

Total N. | N.ot N.of ' uf | ;
ﬂgﬁ'blu.l Y sghi

£ urine, | Reaction. aiurinu.: rice. | kalai dal.

- —i

c.c . Gmms, | Grms. | Grms. | Gems. | Lbs.

9208 | 2471 | 196 | 1066

208 | 277 1:96 1065
. o

1:06.

B
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'- - Total intake of nitroger. =203:05 grms.  Total output— . » .
_ % & 7 1 3 N. of urine g . 159-566 grms.
% e bgm.daily . . % 1000,
- Total nitrogenous metabolism 16956 ,
: i =0T-80 per cent. ofnitrogen of the diet.
24 > = 848 grms. of nitrogen per man daily.
§ ' ¢ i
L4 i
| [ i
< Quantity | i Total N, | . N.of N. of N. of . |
v LIRS, of urine. Reaction, of urine, rice, kalai dal. ‘vegeiables. Weight. i
! 3 B s
. c.C. Grms. | Grms. Grms, Grms, Lbs. |E
“Swawsr” : ‘ i !
- | {
A 4,90 | Acid. 8615 | 208 | 2077 | 196 | 111 '
5 1 | f .I
% 6,010 " 4297 | 3208 1' 2477 1-98 1112 : i
’ FNH'PﬁBOnEH 2 . LI, I 4l‘ﬁm a8 3—1'§E 32'03 | 5—1-":7 1-96 111'3 !
5 5580 | . | aesy | 8208 | 2477 | 1906 | 1113 i
s poe | F |
& U 7050 |, | 3286 | 208 | o477 | 1es | 1
& | | | |
l'. 'r
- Tpm intake of nitrogen  =203-05 grms.  Total output—
' N. of urine . : . 181-31 grms.
& *5 grm. daily constant . 10:00 ..
=2 i Total nitrogenous metabolism . 191-31 ,
= © =528 per cent. of the nitrogen of the diet, |
= < = 9506 grms. nitrogen per man daily, :
\
i : |
| |
) TR Quantity | - . | Total . XN.of N. of N. of . o
: % ' ufuri':g | Seaokon { iy urine. i rice. kalai dal, nguta.hIes.l Weight. r
. | | 2 r
(B3l E 1~ Grmas; Grms, Grms.  Grms.  Lbs, i
: | ! _
L Acid | 2647 3208 | 2077 | 108 1099
" " 2563 3208 | 2477 I e | xone
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Total intake of nitrogen = 20303 grms. Total output—
N. of urine : i « 144-11 prms,
o *5 grmu. daily constant . 10000

i

— —_—

Total nitroggnous metabolism i s R
g =D52'58 per cent. of nitrogen of diet,

The rice used in

The analysis showed the proximate principles to be practically identical with
those obtained from country rice. It is said, however, to be much preferred by
the native tribes to any rice grown elsewhere.

What do we learn from this series of observations ?

With the same food materials
different degrees of nitrogenous
tribes examined, and als
Ooriya.

identical in every particular we have got very
metabolism among the representatives of the
o great differences compared with the Bengali and

The “ Pater » tribesmen absorb 6406 per cent. ol the protein of their diet,
which means the metabolism of 9-38 grms. nitrogen or 58762

grms. of protein per
man daily.,

The ** Moondas ”” absorb 57°86 per cent. of the total protein of their diet, which
means the metabolism of 848 grms. nitrogen or 5290 grms. of protein per man
daily. ' 4

The *“ Swansi” tribesmen absorb 6528 per cent. of the total protein of their
diet, which means the metabolism of 9'56 grms, nitrogen or 59°75 grms. of protein
per man daily. :

The * Uraons ” absorb 5258 per cent. of the total protein of their diet, which
means the metabolism of 7'71 grms. nitrogen or 48°18 grms. of protein per man
daily.

Put in tabular form the contrast will be eyident :—

] |
E | Percent. of N, | Grms. of nitrogen Grammes of protein
TrIBE OR PEOPLE. | No.of diet per day undergoing per day undergoing
'I absorbed. I metabolism, _metabolizm,
] S e | 3
e | ,'
“Pater " and ** Swansi”. .| 0406to €528 | 9-38 to 9-56 5862 to 50-75
“ Moonda **and ** Uraon *'. . | 52:58 to 5786 7-71 to 848 4818 to 520
“ Bengali " and * Ooriya . . | 4975 {p 50-7 7:30 to 7-60 4020 to 48-12

= 171 grms. of nitrogen per man daily,

all these experiments was rice grown on the Ranchi plateau.

The absorption of protein and the degree of nitfrogen?us meta.bo]{'sp pﬂssiib]e
from practically identical dietaries are markedly hlg.htar in t.he.: aboriginal tr:hei
¢ Pater ” and ““ Swansi ” than in the two other tribes exa,mmf;d__“ Moonda
and © Uraon,” or in the inhabitants of the plains of Bengal and Orissa.

-

e e
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SECTION 3.

#. The effect on nitrogenous metabolism of varying the guantities of
the components of the ordinary jail diet,

Havi'ng worked out the average amount of nitrogen abscrbed from the ordinary
jail diet, tHe next step in our investigations was to vary the quantities of
the different materials forming the diet, and note the effect on the amount of
nitrogen undergoing metabolism. In describing this part of the work we shall
give the results of our investigations under three headings :—

(@) The efiect of yarying the amount of rice in the diet when the other con-
stituents are kept constant in quantity.

(b) The effects of varying the amount of dal when the other constituents are
kept constant in quantity.

(¢) The effects of varying the amounts of rice and dal when the total nitro-
gen of the diet is kept constant.

(@) The effect of varying the amount of vice in the diet, the vemaining consts-
tuents being constant in quantity—Ten prisoners on the full diet of Burma rice and
arhar dal observed for two consecutive days—see Table II (i)—absorbed 5366 per
cent. of the total nitrogen of the diet, which is equal to the metabolism of 7°85 grms.
nitrogen per man daily.

This fesult—which is slightly higher than the average protein metabolism for
Bengalis and Ooriyas on the full jail diet—is to be contrasted with the follow-
ing in which the quantity of Burma rice is decreased, the other components
remaining constant.

TABLE V.
(i) Investigations ‘on the degree of nitrogencus metabolism on the jail diet when

the amount of Burma rica is reduced from 26 ozs. to 19! ozs. per man daily, the
ordinary 6 ozs. of arhar dal being constant.

Five prisoners observed for five consecutive days.

| |
: 5 g - :
Quantity s | Total N, N. of N. of N. of 2
Barcu 4. of urine. e lmn.,l of urine. | rice, arhar dal. [vegetables.) Weight.
| ! !
o S e e =is =7 i i [
Five PRISONERS. C.C. | Grms. Grms. Grms. |  Grms. Lbs.
. f 9,230 Acid. | 40-38 31-30 2800 | 236 115
1

CoaHindn - - lp-6%70 .| arad 92487 30-10 : 236 | 1148

[ " '
Four Mahomedans . 4 8,420 - [ 30-37 2130 2040 | 238 1146

T .1 H 2000 | 3080 3010 | 236 1151

i
» | |
'JL o 4277 | 31-30 30-10 L 236 116
| ! |
.. ' 1
¥
L] ‘j e
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~Total N, of intake— Total output —
N. of rice . ; . 14957 grms. N. af urine 199-35 grms.
N.otarhardal . oo 148:66 ‘D grm. daily constant 1260 ,,
N. of vegetables - . = 1180 . e —
Total N. metabolised =211'86  ,,
Total N.of intake . _ ~. 310:03

" =GS‘EH per cent. of total N. of diet,
= 8§47 grms. per man per day.
From this result we find that, under exactly the same conditions as regavds food-

material, a reduction’of the quantity of rice in the ordinary jail dietis at once
followed by a great increase in the percentage of nitrogen absorbed from the diet,
and, at the same time, by a large increase in the actual amount of protein under-
going metabolism. Thus:—
Table II (i).—From 26 ozs. Burma rice and 6 ozs. arhar dal 7'85 grims,
nitrogen are absorbed, which is 53'66 per cent. of nitrogen of diet.
Table V (i).—From 19 ozs. Burma rice and 6 ozs. arhar dal §°47 grms.
nitrogen are absorbed, which is 68'33 per cent. of nitrogen of diet.
These two sets of observations are absolutely comparable for the dal given was
the same in kind and quantity in each ; in fact the only point open to the least
doubt is that the metabolism of 7°85 grms. nitrogen is perhaps too high, due to the
prisoners having been observed for only two days ; but it was not possib'e to get
them to take the full quantity of rice longer. So that the increase in the amount
of nitrogen undergoing metabolism and the increase in the percentage of the
nitrogen of the diet absorbed, when a decrease in the quantity of rice from 26 ozs,
to 19 ozs. took place, would probably be even slightly greater than we have shown.
This effect of decreasing the amount of rice may be due either to the lessened
bulkiness of the diet permitting of a better percentage absorption of the protein
of the rice or of the dal or, as most probably is the true explanation, to an
increased protein absorption from both rice and dal.

(1i) Investigations or the degree of nitrogenons metabolism on the jail diet when
the amount of Burma rice is reduced from 26 ozs. to just under 23 ozs. per man
daily, the ordinary 6 ozs. of mattar dal being constant,

Five prisoners observed for five consceutive days. -

: - |
- . ¥ | -
Quantity entiin | LofI N | Noof NooE | Noof
Baten A of urine. Reaction. | of urine. rice. mattar dal. vegetables. | Weight.
OXERS, pek | Grms. Grms. | Grms. Grms. | Lbs,
e [ 7.680 Aaid. | 3708 332: 20-66 i 236 115
i R s w | 98697 | 3641 | 2066 236 | 115
%’imﬂmm. “ 4 Bags | L | wmen 3604 °| 2066 | 2:3p 1140
| 10,010 | » | 4058 3669 | 2966 [ 236 114 8
© - L goeg | . 38-06 3475 2066 | 2:36 | 1149
l ' |




the metabolism of 809 grms. of nitrogen per
man daily.

]

These observations are also strictly comparable with those .shown in (i) of this
* table. Tt will be seen that the nitrogen of the dal and vegetables is the same in
_ -‘if_,, i "hﬂﬂl sets, and that the only variation is in the amount of nitrogen from Burma
e rice, The percentage absorption and protein metabolism show the usual increase
gt following a diminution in the amount of rice to 23 ozs. per man daily,
:;-.:.' T Therefore with strictly comparable results we get :—
‘. . ’ ’ v With 26 ozs. Burma rice + 508 grms. N, from arhar dal 7-85 grms, N. are absorbed.
e ‘¥ 02 SRR o e amAlRE - B9 ., i

»y

R Y LE] 19 ¥ i) w T+ 5+ 08 " 1 'y arhar i 847 T "
|e=E X L . £

. (iii) Comparison of the degree of protein metahnlmm on diets containing the same
© amounts of nitrogen in the form of massur and mattar dals, but in which the
quantity ¢f Burma rice varied—in the first diet 24 ozs. were consumed, in the second

. 20 ozs. were consumed.
b ' Biet 1
Ten prisoners observed for ﬁw consecutive days.

o -
- a9
~ “Total H..intaka;— Total output— . -
l N. of rice I 17903 grms. N. of urine . . 189-93 grms.
: ss 3y mattar dal 148:30 ,, = Hgm N. r.lmlyconsmnt . 12-50
LT TS Tﬂ-getﬂ.h]ﬂﬁ 11‘8'] s =y
S —— Total nitrogenous metabolism  202:43 .,
Total N. intake . =33913 ,, = 5969 per cent, of nitrogen of diet and means.

=P : ¥ | Quan- | Tn!a.'l N.oof | Neof | Noof | N.of l
Haron. tity of N. of i ma=Eur | ma‘tar | vepeta- Weirht.
e | urise. “"""‘ uripe. | "% | dal. | dal | LLs. g
? . 3. C. Grms. | Grms. | Grms. | Grms. | Grms. | Lba.
i B -
o m:rmm B.mpu, . 16,500 Acid. | 73:78 | 7594 | 3426 20:66 [ 472 | 11566
ZEE [ ’ * "
' 17.8G0 -7 7276 | 75-54 | 34-26| 29-66| 4-72 | 115:4

18,030 > 70-82 | 7764 | 34-26| 2066 4-72 | 1155

15,610

-




14 .
1
3 ~ L
8 -
{ Lal " -
. 6o
) i
(O Total nitrogen intake— : Total output— .
= N of Burma rice ; 478 13 grms., N. of uring ‘ L . 3706 grms.
N.ofmassurdal .  171-30 -5 grm. daily constant . - 25-00 ,,
- N.of mattardal . 14830 s
;3 N. of vegetables . . 23-60 Total nitrogenous metabolism . 400056,
an : : ; =55-39 p.c. of the total nitrogen of the diet
T I'otal nitrogen intake . - 721-33 = 800 grms. of nitrogen per mian daily.
!
}
! Diet 11.
) S : ‘ .
_ Five prisoners cbserved for five conseculive days.
! Quan- s Total : Nof | Mof | Mof |
' BaTom. tity of ii;:;; | 4. of | :}::’f massur | mattar | veget- | Weight.
'l e et arine;. | TR dal. dal. | able.
| |
:: 58 B Grms. | Grms.  Grms. Grms, | Gl‘.l.‘llﬁ..! Lhbs.
f I ,
i Five prisoners, Bengalis - 8,820 Acid | 43-46 | 31:30  17-13 | 14:83 2.36 | 115-8
0,260 * I 37-46 ' 381-30 17-13 | 14-83 ‘ 2:36 | 1157
8,470 5 38-53 31-30 17-13 14-83 | 2:36 | 115-6
8930 s 38-50 | 3L-30 17-13 | 14-83 2-36 | 115-8
i
L 6,700 # 39-61 | 31-30 17:13 I 14-83 | 2:36  115-8
Total intake of nitrogen— Total output—
N. of Burma rice . . 156°50 grms. N.of urine . : . 197-56 grms.
N. of massur dal . E -l T *b grm. N. daily constant . 12°50 ,,
N. of mattar dal . = aIh T
N. of vegetables . o SLEEBES Total nitrogenous metabolism 210-06
— 64-03 per cent. 6f the nitrogen of the diet.
Total nitrogen intake s b (R — 8-40 grms, nitrogen per man daily.

Therefore, from these investigations we again obtain eyidence supporting the
; other results : that a decrease in the quantity of rice of the diet is followed by an
| increased protein metabolism. ;
The results obtained from these two diets are strictly cuinimrahla as the
. .mount of rice alone varied —the other constituents of the diet remaining the same
‘n kind and amount throughout hoth periods of obseryations.

Results contrasted :—
With 24 ozs. Burma rice + 639 grms. N. from mattar and massur dals 8-00 grms

absorbed.
With 20 ozs. Burma rice + 639 grms. N. from mattar and massur dals 8-40 grms.
absorbed.
Assuming that the same quantity of nitrogen will be absorbed from the 6 ozs.
"
L = g &
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¢f the different dals used in (i), (ii) and (iii) of this table, we may state the
results in the following way :—

: Per cent. of . :
uitrogen of diey (TS, 0f miltogen | S <& Jewol
= - ] absorbed. absorbed. absorbed.
o e T e - - -k A= L 4 —
s 268 ozs. Borma rice Shr GG 785 4912
24 5 w om =1 5539 $:00 50+ 00
Dals, vegotables,y 23 i ot : | A0G0 =+00 56
etc., constant. |
20 v ¥ .ol (42 1A S-40 32-50
=19° o . [ 847 52-93
Contrast this with the average results for Bengalis and Ooriyas :—
Full jail diet . . . - 50:00 755 4718

We have, therefore, very strong evidence from these observations that a
decrease in the quantity of rice from the 26 ozs. of the jail diet to 19 ozs. permits
of a much better absorption of the protein of the diet. In order to confirm this
view two sets of investigations were arranged in which, as far as possible, the same
five men were obseryed on diets containing different quantities of rice, while the dal
remained the same in kind and amount throughout the periods during which they
were under investigation: :

(iv) Investigation of the degrees of nitrogenous metabolism on diets based on the
following scheme.

Constants i : ; 5 Burma rice 100 ozs. = Diat- i
Massur dal 30 ozs.” . 5 + g 126, = Diet 1L
Vegetables 30z, ete. e o et T
5 Diect L.
2 i
. Five prisoners observed for five days.
Reh N. of N.of | N. of
Baten A. * Quantity Total N. | pooy massar | veget- | Weight. Result.
of urine. of urine. | e dal. ables,
(25 a8 (rms. Grms.  Grms. Grms, Lhbs.
11,860 3702 | Bl-40 3768 | 236 125-8 ?ﬂhmrpﬁun
18400 3978 | 340 768 | 2:30 125-7 mf__"' e
4 10790 8565 31-40  37-68 | 2-36 125-7 | of diet =
b i ; e ; ! 5§12 s,
12320 38-28 31-40  37-68 236 1258 | o Puﬂﬂdj
i 39-90 31-40 37-08 2:36 126-0 | per man.
2




o b
Eﬂ - "~
Diet I1. 5
N. of ""T&oi N, of
Total N, =0 o M i
A 50 massur | voget- | Weight. Result.
ofurne, | UM | TERT | bl
k
S— S ] e Lo — —
|
3770 3925 37-68 | 2-36 | 12760 | 5010 per cent.
. of N. of diet|
36-90 3025 37-68 236 1278 =T grms.
: : of N. per duy
34-37 30-25 | 37-68 2:36 ! = PEr mnn. g
3s-86 | 30-25 | 3768 | 2:36
38-28 | 89235 4768 | 230 | 120-6 E q
] Ll
Diet 111,
33-82 | 23-25  37-68 2:36 | 128:0 | = 50-47 per ~ -
cent. N. of| "
10,880 3884 35-30 3763 2:36 | 127-9 diot = §+12
. prms. of N,
' Five prisoners, 10,900 36-77 23-26 37-68 9:36 | 127-8 per day per
Bengalis, I man.
9,820 36-84 23-26 37-68 2:36 | 127-8
(| 10260 | 39-35 | 2s-26  37-68 2:36 | 128-0 o |
i~ J
i |
b= i 2 What is to be learned from the results of these three diets ?
: - ‘- : .. ﬂ
£~ Diet I 3
g " Total intake— Total output— - - :
T N. of rice . . . 157-00 grms. N.ofurine . : : . 190-67 grms.
RE S0 N.ofdal . . . 188:40 , -5 grms. daily constant . i i L1 O
N. of vegetables . i s TS e
B A | e Total N. metabolism : il
Total N. intake . . 907200 .. = 56" 87 per cent. of N. of diet “
; = = 812 grms. per day per man. F
Total output— : |
H-u ﬂf uﬁﬂﬂ' s - & - - 1’85‘11 m'-— ¥ |
‘bgrm. daily eonstant . . 1250 ,, g |
. e
%&H-mﬁﬁhﬁm e £S - 193'51 i i - 5
9 = 50°10 per cent. of N. of diot AL

= 7"94 grms. per dey per man.
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Diet 111, o
“Total intake— @ Total output—
N.ofrice . . . 141- 30 grms. N. of urine . : : . 190- 62 grms.
. N.ofdal . A . 188-40 ,, -5 grm. daily constant . i A
N. of vegesables . . 1180 ,, —_—
ek _— Total N. metabolism ’ . 20312 ,,
Total N. of intake . - OALB0 " =09 47 per cent. of N. of diet

. = §-12 grms. N. per day per man.

Therefore we get the following results :—
37 Grms. of N. Per cent. of N,

(ONSTAN TS,

BREN g - . abzorhed, absorbed.
} e Rice 200zs. = Diet I . B L b 66 87
. . .l B, —Dan . TH 5010
Mo seeianice. O s B e = DI o .0 8018 59- 47
| s
= .
| e . (v) Investigations of the degrees of nitrogenons metabolism on diets composed
of Burma rice, arhar dal and vegetables. The amounnts of dal and vegetables were
E- Vi ‘kept constant, but the quantity of Burma rice varied in each diet.

[ i

)
Fed R
e
®

Arhar dal 30 ozs., | Burma rice 100 ozs. = Diet L.
Vegetables 30 ozs,, e S 1923 » = Diet II,

"
)

eto. 3] a1 53 = Diﬁb III-
o
ibiet 1.
% «® ®
" *  Five prisoners observed for five days.
| ' !
g = N, of | N.of N. of '
PeLie o Quantity | Total N. | 2 : | ol £ i
Batcu B. , | of urine. of mrine. B;;:_m | n:h”?_r 'Glﬁ:s- ‘l eigh Resul
- r o

e Grms. Girms. ! Grms. Cirms. Lhba.

15150 | ss.es | a0 | 3065 2:36 | 1158 A

ﬂgg
225 8

E

-
i
R

53
14,000 | 34:50 31-40 3065 2:36 1150 | cent.
0 | 3248 | 3l-d0 | 30:65  2:36

3065 238
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Total N. metabolim . . 161-98 .,
=44 80 per cenf. of N. of diet
= 648 grms. of N. per day per _man.
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< Diet 11,
- ¥ T
Quanti Total N, N. of N. of N. of
Barcm B, - P uri:{. of urine, | Burma | arhar vegota- | Weight. Besult.
rice. | dal biles. 3
.o, Grms, Crms, Grms Grms, Lbs.
L)
[' 14,270 31-46 3925 3065 236 1188 | 4:4-80 ju r cont., ‘ﬂ
f N. of diet
[ 12,630 30-23 30-25 3003 2-30 1186 u: 048 gr::;. 3
. ” Yh dﬂ
Five prisonors, 10,840 | 28-:2 30-25 | 30:65 | 2-36 938:61 | po uhn
13,670 | 32-53 l 30-35 | 30-65 | 236 | 1189
L 11,070 27-04 i 39-25 30-65 l 2-36 118-9
Diet 111, ) s
9,400 27-30 23-2¢ 30-65 2-36 116-2 | 5686 | er cent.
f N. of diet
9810 23:00 | 28:26 50463 2-36 116-2 15-9‘?&.
Five prisoners 9,430 25-35 23-26 5 B sl
P o s A 8 30-65 2-36 1163 | per man. -
8,620 26-86 28-26 30+65 2-36 116 p
| —
6,230 | 26-77 | 2826 | 0-65 | 236 | 116-2
. What is to be learned from these results ?
2 ) :
i : Diet 1. £y "
g Totai intake— Total output— L
R N. of Burma rice . 157-00 grms. N.ofurine . . . 159 36 grms.
] N. of arhar dal .. 168:35 , *b grm. constant daily 12-50 ,, ]
: i N. of vegetables 11-80 . X =oAL
. = _ Tota] N. metabolism . . 171:86
g Total N. of intake . : o o205 .. =53 36 per cent. of N. of diet =
> : = 687 grms. of N> per day per man.
Diet 11, . ~
i
Total output—
b . 196- 25 grms. N. of urine . 14948 grms.
- 1 i [ *D grm. constant 12-50 ,,
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_ __ Diet 11, 4 | |
i -. . Total intake— "~ Total output— |
TS N. of Burma rice . 141-30 grms. N. of urine (corrected for 5 men) 161°71 gims. .
RS . N.of arhardal . . 153-25 5 grm, per day constant . - . 12°50
| N. of vegetables & = T
. k ' —_ Total N. metabolism S o )
Total N. of intake. . 30635 ,, =06 86 per cent. of N. of diet
< = 697 grms. of N. per day per man.

Therefore we get the following results :—

L R _ : Grms. of Per cent. of
- M. sh=orbed. N. of diet
absorbed. |
o |
L v Burma rice 20 ozs. = Diet I : G- 87 5336
- Arhar dal 6 ozs.
(e 8 i 3 ﬁ'm‘ eI % 648 4480
AR CoE . 18, = DitTIT . 697 56: 86
e
_E & * ) .
- - We thus learn that the actual amount of nitrogen absorbed, from a diet com-

posed of 6 ozs. each of arhar dal and vegetables, combined with Burma rice
1in varying quantities of 20, 25 and 18 ozs. per man daily, is least when the quantity
& of rice is 25 ozs., greatest when the amount of rice is 18 ozs. and only slightly
g " different when 20 ozs. of rice are consumed. These observations again confirm

the results already obtained in previous investigations.

It is worthy of note that in both these sets of investigations—with massur dal
and arhar dal—although the chemical analyses of the dals gave a fairly high
: percentage of protein, it was anticipated at the time that the absorption of protein
= 3 y ~ from the diets would be low. The reason for this opinion was the inferior quality

of these dals in appearance, and the numerous blackened grains present in the

-saniplas. The results show a diminution in the actual quantity of nitrogenous
metabolism compared with those obtained earlier in the year when the food-stuffs
were in a fresher condition. Nevertheless. the general effect is practically the
‘same, although on a somewhat lower level, as to the influence of the quantity of
rice eaten in the daily diet, i.e., the maximum protein absorption is obtained
:imm a dret composed of rice and dal, when the rice is given in an amount of from
"”3» ﬁ, au 0zs. per man daily—the dal, vegetables, etc., of the diet remaining
-
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beyond the optimum quauntity, in the hope to obtain an augmented proteiu

- absorption. Thus, we showed ina summary of Table II that, with a practically

constant intake of nitrogen from rice but with a varying intake of nitrogen derived
from dal, no increase in nitrogenous metabolism accompanied an augmented
nitrogen content of the diet from dal. ;

The figures 1n support of this view on the basis of batches of five men under
observation for five days are:—

(N. of arhar dal 150-10 grms. gave 196* 25 grms. absorbed.

Nitrogen of rice and | N. of massur ,, 18840 » 198°60 o
vegetables oon-N=af U8 N o T30 . 198-13 Fir
Atk N.of mung , 160-81 ,  , 193-54¢ |, .,

That s, a certain amount of the protein of dal and rice is capable of being absorbed
from a diet composed of 26 ozs. of rice and 6 ozs. of dal, and, so {ar as our observa-
tions go, the amount of nitrogen provided by those 6 ozs. does not appear to make
any difference in the quantity of protein undergoing metabolism. The results
obtained in Puri jail—Table IIT—bear this out ; however, the quantities of nitro-
gen furnished in the different observations in that jail were too similar to afford
much assistance.

The investigations in which gram dal was used show that practically the same

number of grms. of nitrogen undergo metabolism with 7 ozs. of gram dal as
when 6 ozs. of other dals are given. This is shown for Puri jail thus :—

Buasis of five men under observation for five days.

Nitrogen of rice and ( N. of mixed dals 156 35 gave 18450 grms. absorbed.
vegetables con- <4 N.ofarhar dal 160°62 , 187 9
stant. (N.of gramdal 161-81 ,, 183-76 |, ,,

In order to clear up the question whether 6 ozs. of dal gives the maximum nitrogen
absorption, or whether as good absorption would be obtained by decreasing or in-
creasing the amount of dal in the diet, the following observations were made.

As there was no hope of having the full 26 ozs. of Burma rice consumed, the

investigations were carried out with & constant quantity of 20 ozs. of Burma rice.

This, of course, introduces a new factor compared with the conditions prevailing
when the full diet is given, as the reduction of the diet in bulk may allow of an
increased absorption of dal when given in quantities of 6 ozs. or even when those
quantities are iencreased. The investigations were arranged.so that the five men

']
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. ° were obseryed while on diets containing the same quantities of-Burms rice, the
amounts of dal in the different dists varying.

TABLE V(a).

_(i).I;wu_n‘:ig'ntim of the degrees of nitrogenous metabolism on diets based on the
' following scheme :—

Five prisoners observed for periods of five days.

CoxNsTANTS.

1] ET) 30 S Diet I1.
ve@tahhaaﬂum- 23 8 25 = Diet T1T,

Diet I

. €= l :
2 T N.of N, of N.of
Quantity | Total N. Burma arha ' 1'3&- Weight.

Batcs P ; |
of urine. | of urine. iy .

FEMARES,

-k C.C. | Grms. Grms, Grms., | Grms. Lbs.

35-76 236 117-2 Corrected to a
basia of five
35-76 2-36 1151 men for com-
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Diet 1L :
PBuron B [ Quantity = Total N BN of 1 N, of | N. of Weights | B
i e urma | Arh rege- el EMALKS,
) of urine. | of urine, Sreny ,;ﬂ“r i m s
3 i_F- | n I
. C.C. = Grms. Grms. | Grms. Grms. Lbs. 4
16,460 | 3802 3140 | 2554 2.36 1178 - 1 :
| 4
13470 3488 3140 2554 236 1178
L] \ |
10,680 30-35 3140 25-54 236 117-6 : I‘.
. - r
= ' 1L740 | 3360 2140 2554 236 117-8
|
13430 &= 32-5 a1-40 | 2551 2-36 117-8 - &y 3
: What is to be learned from these results ?
. a :
Biet 1.
PBurma rice 20 czs., arhar dal 7 ozs. per man. o
£ ‘Total intake of nitrogen— - Total output—
'N. of rice . - 157-00 grms. N.ofurine . .. . .160°B3grms, o~ _
N. of arhar dal . . 178-80 -5 grm, daily constant . o A5 2
g s ' S Total nitrogenous metabolism AN s
Tota : o SATE80 = 49°77 per cent. of total nitrogen of the diet
= 692 grms. nitrogen per man daily.
i H
Diet IL
Total output— -

W

,Hﬂﬂfuﬁnﬂ* . - t'. . iﬁg‘aﬁ‘ EI!I'IIH; I
-5 grm. daily constant s J9B0L o
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* Diet TII.

Total intake gi nitrogen— Totel output—
N.ofrice . . 15700 grms. N.of urine . .. . 169-46 grms.
N. of arhar ddl . 277 B grms. N, daily constant . 12:50 ,
"' N. of vegetables . 11-80 , —_—
. - — Total N. metabolizm . 181-96 ,,
A Total N. intake : 296:50 = (140 per cent. of the nitrogen of the diet.
- = 7°28 grms. of nitrogen per man daily,

i

L

I

r
e

TN T T
§

L

P Therefore we get the following results :—

Grms. of N. Por cent. of N. of
abzarbed. diet absorbed.

CoONBTANTE,
Burma rice 20 ozs. i "] l"Aﬂmr dal 7 ozs. 06-92 49-77
}" +‘{ 3] b} ﬁ s E.ST 53‘66
Vegetables 6 ozs. S0 AT R TR 61-40

=

e R ] TR T 3 i -
P .
o L A Sl N
: 1.5 o 5N
’ ¥
.
R »

| 3 r:' That is, by i m-::raa-mng the quantity of arhar dal from 6 to 7 ozs. per man daily there
s o is Pra.cmca]ly no increase obtained in the amount of protein of the diet undergoing
i metabolism, while a decrease in the arhar dal from 6 to 5 ozs. cases a slight increase
e S ;in the pmt.mn metabolism. As would be expected the percentage absorption
® of nitrogen with 7 ozs. of arhar dal in the diet is very low, considering that the rice

has been decreased to 20 ozs., while it shows a distinct increase when the arhar dal

is ;@ﬁucad to Ei ozs. daily.

L

L

Efﬂha arhar dal in use in these observations was that which gave such poor
g_g,a 4;.; :1-.5 abanrptlﬁn in other experiments—see Table V (v)—probably

L its inferior quality and from the fact that it had been in store all the year with
‘had become blackaned] The results, however, despite
-'m three diets and show that, in all probability, the
xceeded in a diet of the Lower Bengal jail type which

o L
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(ii) Investigations to show the effect of a reduction of massur dal from 6 to 5 ozs.
per man daily, while the other constituents of the diet are constant,

30 ozs, massur dal = Diet 1.

Rite and vegetables constant. - { B Db 1T
. L 2

The figures for Diet I will be found on Table V (iv), Diet I of this, Chapter, the
results showing an absorption, with 20 ozs. Burma rice and 6 ozs. of massur dal,

of 812 grms. nitregen per man d: aily, which means 5687 per cent, of nitrogen of
the dliet.

Diet II.

| Quantity | Total N. l‘::;nm N. of N. of
. : , mrma AT
| ofurine. | of nrine. e . l!s-lu:c vegetables.

BaTou A. Weight. | BEMARKS.

Lo | Grms, Grms. Grms. | Grms.

15060 [ 38:98 | 31-40 | 31-40

(£
¢'."
Lo
1=
)

13,350 | 37-04 3140 | 3140

[1+]
-
b=
=]
e

Five prisoners,

Bengalis. [

Total intake of nitrogen— Total output— . "
N. of Burma rice . . 15700 grms. N. of urine 189 42 oy
Sy o : : : -= grms.
N. of massur dal . . 10700 ,, 5 grm. nitrogen daily constant.  12-50
N. of vegetables . T i R

10:080 ' 38-44 31-40 | 31-40

L2
[
=

k]
(==
=]

12120 | 3815 31-40 31-40 | 2-36 126-5 |

(-
&
-
|
|
|
|

11,870 35+ 80 140 a1-40 236 126-5
| ! ; i |

£ : Total nitrogenous metabolism 201-92
. Total nitrogen intake Sy, Tha R = 6197 p. c. of the nitrogen of the diet.
= 806 grms. of nitrogen per man daily.,

i

e ————

o

| Therefore we get — }
| Grms. NV, Per cent. of N. of
| abzorbed. diet absorbed.

Burma rice 20 ozs. { Massur dal 6 ozs. : g-12 56 87

Vegetables 6 , Massur dal 5 czs. . 506 6197

That is. practically the same amount of nitrogen is absorbed from a diet contain-
ing 5 ozs. of massur dal daily as wheh 6 ozs. are given ; so that it would appear
from this result also that 6 ozs. of dal in the ordinary jail dietaries is Jbeyond the
amount from which the maximum protein absorption takes p]ace.

-—
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(ii1) That 1t is vseless to increase the amount of nitrogen beyond that. provided
by 6 ozs. per man daily is further borne out by the following summary of results
obtained when the full jail diet Was eaten and when 1 oz, per man daily more dal
was added. :

Diet 0f'26 o0z3. country rice and 6 0zs. mung dal — nitrogen absorbed 187- 28 grms.
2 z.ﬁ 0Z5, b 1 1] T »3 7] gy T LT iy 155- o7 grms.

These observations were carried out on the same prisoners for five days and are
therefore strictly comparable,

We may conclude from the results of these three sets of observations that there
18 nothing to be gained by trying to increase the amount of protein in the jail diet-
aries by adding more dal to the 6 ozs. already provided in the jail scales, The
protein absorption is quite as good from a diet of the Lower Bengal jail type with
6 ozs. of dal as when T ozs. are given. Further, we have brought forward evi-
dence to show that the absorption is equally good when the dal of the jail dietary

. 15 reduced to 5 ozs. per man daily, and that it is highly probable that the amount

of dal given in the jail diet, when combined with 26 ozs. or even 20 ozs. of rice
and 6 ozs. of vegetables, exceeds the quantity from which the maximum absorp-
tion is possible.

() The effects of varying the amounts of rice and dal—the total nitrogen of the
diets remaining constant.—It will be evident from the results hitherto obtained,
i.c., a decrease in the amount of rice or dal from the ordinary Bengal jail
standard being followed by an increase in the amount of protein undergoing meta-
bolism, that no fixed or constant co-efficients of absorbability for the protein of rice
or dal would explain the variations in absorption that accompanied changes in the
amounts of those substances in the dietaries. The only explanation possible
appears to be that for varying quantities of rice or dal varging co-cfficients oi
absorbability must hold—these co-efficients varying to some extent inversely with
the quantities of the food materials forming the diet.

In order to obtain some idea of those variations we arranged for a series oi
observations in which, while the amount of nitrogen furnished by the diets re.
mained fairly «constant, the individual constituents of the diets were markedly

yvaried.

TABLE VI

The diets of these investigatious were as follows :—

26 ozs. Burma rice.
6 0zs. mung dal.
Diet 11.—Rice reduced to 16 ozs. Dal increased to 84 ozs,
* Diet 1II.=Rice increased to 32 0zs. Dalreduced to 4 ozs. =

Diet I.—The ordinary jail diet { .

L



24-80 45-50
24-80 4550
40-70 | 2480 | 4488
2 | 218 45-30

4550

2.36
2-36
*2.36
236
2:36

2:36
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€ Diet 1. . =
: L L] £ 3 L
. Five prisoners for five consecutive days.
v
P+ Bt g Quantity | o .. | TotalN. | X, of - o Noof | (oo
h . of uripe. boD. | ofurine, |* rice. mdl;?g vegetfblos. -8
.'- ' L E Ul
. : 3
; q. C.C. Grms. Grms. Grms. Grms. | Lbs. &
Ve X 10830 Acid 3062 37-62 32-23 2-36 | 1139
7,170 i 32.77 37-60 32-06 2.36 | 1156
Five prisoners . 8,850 - 3667 41-17 3206 236 | 116
9,970 ., 35:43 | 37-49 42-26 2:36 | 116
y | 120 5 36-68 41-17 22-20 236 | 1159
oy
- Total intake of nitrogen— Total output—
N. of Burma rice 194-14 grms. N, of urine : . 181 04 grms.
N. of mung dal . e e BRI *5 grm. daily constant 12:50 .,
N. of vegetables . G 1180 .. —
] ' e Total nitrogenous metabolism  193-54
’ Total N. of intake 366:76 = 5250 per cent. of the nitrogen of the diet, °
> E : = 774 grms, nitrogen per mar daily.
3
Diet 1.
Five prisoners for siz consceutive dags. L
4 ek Quantity L I A BT B
. Barcm A, of urine, Reaotion- | o rine. rice, Tﬁ?‘g vegetables, Wﬂl_ght-. ,
: “'-' K = i -+ l #
| (40 7 Grms. Grms, Grms. Grms. L.
o

|1

113-5
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o Total intake— Total output— v o
L/ N. of rice § x 148- 80 grms. N. of urine . - 240-24 grms.
§ <3 N. of mungdal . 27238 ¢ Constant'5 grm, dml} . 15:00
N N. of vegetables . 14-16 ——
ey, ; Total N. metabolised 20024 .,
b ol + Total N. of mtake . 43534, = 58" 80 per cent. of total N. of diet.
- - = 851 grms, of N. per day per man.
o
3 Diet IIL.
' The same five prisoners for five consecutive days.
2 ; | thnmy | Total N W.of | N. of | N. of
> Hdxon A, of urine, | Reagtion. of uril.';u: rice, n:l?ﬂ:g I’ﬂ'gﬂiﬂ-hlﬂs. Weight.
(A _ Grms, Grms, Grma, Cirms. | Grms. Lbs.
. ’ $420 | Acid 2082 | 4060 | 2166 | 236 | 115
R wI0 |, 2064 | 46:60  21-66  2:36 | 116
2 Five prisoners, Bengalis 4 | 8.3s0 =, 31-38 i 10-60 | 21-66 i 2:36 | 116-4
. !I s |, 20-02  46:02 | 21-66 @ 2:36
, * O ol0es0 | 3061 | 46-17 | 2106 i 2-36 116-2
it -
B Total N. of intake— Total output—
. . N. of rice . 237:99 grms. N. oEumm : . 1561'37 grms.
- N. of mung dal . 108-30 |, Constant * 5 grm. dn:l}r S B
: - N. of vegetables. 11-80 ,, )
X Y —_—— Total nitrogenous metabolism  163:87  ,,
@ Total }T__-qf_"inm_]m 358:09 ,, = 45°76 per cent. of total nitrogen of dict,
v R L (= & : = 655 grms. of nitrogen per man daily.
s Thamfom we obtain from these uhse‘r"vahuns 1—
. Ilmt I—Bm 3:31& 2% 08, }52' 50 per cent. of N. absorbed 7* 74 grms. N. per man daily.
- Diet Il—Burma rice 16 ., | xo. 8:51 ,
- M ﬂg] B 4: i }5’3 % w tL 13 " ar 1 ?:l LE] ¥

; ]:l utIII-—-Burma rice 32 e H ) P T R
e S A SRR L

: Now the aictual amount of nitrogen absorbed from these different quantities

Gf mung d&lwﬂlﬁﬁ very nearly identical—we saw it was useless to increase the
R a .f_ij':t.-'a;--dmt hﬁ}.ﬂnﬂ_ 6 ozs. per man daily, so that little of the increase

B s mnnlatﬂmﬂbeduebnthaad&mmnof 2°4 ozs. of mung
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in Diet IT tompared with Diet I. By a similar line of reasoning it may be accept-

~ ed that in Diet III there is a decreased percentage absorption of the protein of

rice and an increased percentage absorption of the protein of mung dal, even
though less mtrngen is absorbed from the 4 ozs. of mung dal of Diet 111 than from
the 6 ozs. of Diet I.  As the amount of the nitrogeu intalke is 1:-nmhncll,11y identical
in the three diets, and as very different amounts of nitrogen are absdrbed in each
case— L

Diet I  intake of nitrogen 14* 67 grms. N, absorbed 7° 74 grms.

e R R T

Diet IIL ,, Ly ik e R w000 s
it follows that no constant orfixed co-efficients of absorbability of the protein of
rice and dal are possible that will explain the absorption exhibited from these
three diets. The only explanation is, therefore, that for varying amounts of rice
in the diet there is a varying co-efficient of protein absorption, and that for vary-
ing amounts of dal in the diet there is likewise a varying co-efficient of protein
absorption—these co-efficients of absorption varying inversely with the amount
of rice or dal in the dietaries.

Assuming that about the same absorption of nitrogen takes place from the
different quantities of dal in the diets, we may make use of the figures for fthe
amounts of protein absorbed as a measure of the nitrogenous metabolism on diets
containing 25, 16 and 32 ozs. of rice, and combining these with the resalts shown
in the foregoing tables, we can plot out the curve of the nitrogenous absorption from
diets containing varying quantities of rice, when the absorption of nitrogen from the
dal of the dietariesis fairly constant. In thiscurve® the extreme figures—those for
16 ozs. and 32 ozs. of rice—are probably not quite correct: when the rice is reduced
t0 16 0zs. in all probability more nitrogen would be absorbed from 8'4 ozs. of mung
dal than from 6 ozs., and when the dal is reduced to 4 028, per day probably a
little less than the quantity of nitrogen absorbed from 6 ozs. of mung dal would be

absorbed from 4 ozs. when the diet contains 32 ozs. of rice. With these possible
exceptions the curve obtained from these investigations fairly well represents
the difierent degrees of protein absorption from diets composed of rice and dal,
under yarying conditions as regard the quantities of rice consumed.

The figures on which this chart is based will be found in the different tables

given in this chapter. They are:—

With 32 ozs. of rice consumed . 655 grms. nitrogen absorbed.
e N o (av emge] & 0 = 2 -
: 24: % 1r oM 2 i B.m 33 |: 13
:: 23 FEI E R L Lt = = E‘ﬂg LE] 11 17
" EU ¥ ¥ 1 1) 3] - 8'4'} 13 L1 ]
L] 19 1 B Ll ‘ 2 B‘d:?l . Ar " ”
»” 16 FE . ) 5] 13 = " 851 {?) EH ] ]
£ " * Chart L . GE

oo -
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We have reason to believe that the top of the curve or maximum absorption
lies about 18 ozs. of rice per man daily ;—something lile what has been introduced
in the dot.t?d lines joining 19, 18 and 16 ozs, The marked flattening that begins
from 21 ozs., as the curve is traced back with diminishing quantities of rice,
shows that we are nearing the limits for & maximum absorption and that those
limits lie close to about 18 ozs. of rice. We may, therefore, conclude from the
results of these investigations that in a diet of the lower Bengal jail type the
optimum amount of rice has been long passed before 26 ozs. per man daily is
reached, and that this optimum is about 18 ozs. Consequently any rice in the
dietaries in excess of 18 ozs. per man daily is not only useless but actually
clogs the absorption of protein, so that the amount ‘of nitrogen undergoing
metabolism actually falls. The amount of rice in the dietaries of lower Bengal
should not therefore exceed from 18 to 20 ozs. per man daily. A reduction of at
least 8 ozs. per man is therefore not only possible but—what is of more import-
ance—1s greatly to be desired in the interests of the prisoners: for, by this redue-
tion nitrogenous metabolism is p'aced on a higher level and, at the same time,
the excessive carbohydrates of the diet with their concomitant disabilities are to
some extent lessened,

The composite chart we have plotted for the abscrption of protein in dietaries
containing varying quantities of different dals is derived from the fgures given in
Table V (#) of this chapter. (See Chart II.)

We do not attach anything like the same importance to thischart as to
Chart I, for various reasons, the most important being that when the rice of the
diet scale is reduced to something approaching proper physiological conditions,
the level of nitrogenous absorption is so raised that a reduction in the amount of

dal by 1 oz. per mangdaily, even if it had any effect in decreasing nitrogenous:

metabolism—the wesults of all our investigations are opposed to any such
effect—would not be a matter of any consequence.

Further, with a reduction in the quantity of rice, less dal will naturally be re-
quired for the proper admixture 6f the ingredients of the diet, to render it palat-
able and of the desired consistency. When we come to the working out of
practical dieb scales we shall have other methods of providing absorbable protein,
without running any risk of increasing the quantity of dal beyond its physiologi-
cal limits,

; SECTION 4.

4. The effeets of varying the components of the diet, i.e., of adding
wheat ata, fish or meat,

We have made a large number of observations on the effects of adding wheat

ata, fish or meat to the diet, while at the same time decreasing the quantity of rice
r £

- L2

Eal

9
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or dal as the case may be. The results obtained were very much what we expect-

¢ ed. Assoon asany of these substances were substituted for rice the percentage
of protein absorption showed a sudden rise and the actual protein metabolism
became largely increased. As it would not serve any useful purpose to give in
. full detail all the different experiments carried out, and as all that’ is to be
laa.rned from them can be shown in a few examples, we shall content ourselves
by stating as coneisely as possible the results of the observations.

$ We shall take ip this part of the work under two heads— ,

(@) LEffects of adding wheat ata to the lower Bengal dietaries. o)

(b) Effects of nf%ding an animal protein to the Lower Bengal dictaries.

() THE EFFECTS OF ADDING WHEAT ATA TO THE RICE AND DAL OF THE
ORDINARY DIET.

: TABLE VII. |
(i) Investigations to determine the degree of nitrogenous metabolism on a diet - W i

of the lower Bengal type, when only half the quantity of rice is given and a sufficient
quantity of wheat ata is substituied to replace the nitrogen lost by the reduction
of rice.
Puyi Jaill —Ooriyas—four wmen observad for mghf days.
| | x)
' Total | .- - N. nf N. of
¢ e N. of | N. of - ;
DBarcn. | Quantity | . \nitrogen % wheat |vegeta- | Weight. -
j of urine. ?Muw' ' of urine,| " dals. ata. biles,
| e | { Grms. | Grms. | Grms. | Grms. | Gems. | Lbs. ?
_ (4200 | Aeid | 4056 | 1604 | 2570 | 1513 | 196 | 1112
™ |
' 3,400 w8984 | 1604 | 2570 | 1513 | 106 =
- I & "
4260 | , | 4076 | 1604 | 2570 | 1513 | 196 !
| (a]
3,740 w | 3845 | 1604 | 2570 | 1513 | 196 | 111
Four prisoners, Oorivas . 5 i .
LERos || 3.850 » | 4047 | 1604 | 2570 | 1513 | 196
L 3,690 «| ., | 3817 |, 16047 2570 | 1513 ¢ 196
| | L |
2910 wo | 4F17 | 1604 25370 | 1513 | 106 | 1112 |
U s | o ‘ 41-57 | 16:04 | 2570 | 1513 | 196 | 1112 '
i
e of nitrogen— _ Total output— =1
P - 19538 some. N of urine : .. 323:99 grms.
<3 . 20560, *5 grm, daily comstant & . 1600 ,,
L. Do, =
AR Total metabolism A i
—’1'33 Eéper mﬁ, of the mt:ogen of the diet, 3 o
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... These results should be contrasted with
(1) :—
Ordinary Jail diet 4949 743 grms. daily.
This diet 224 : 10:63 .2 5

That i8 by giving only one-half of the quantity of rice in the jail diet, and
substituting dor the other half a sufficient quantity of wheat ata to offer an
amount of nitrogen equal to that lost by the reduction of rice, there is an in-
crease in the percentage of protein absorbed from about 50 to” over 72 per cent.
and an increase in the actual amount of nitrogen undergoing metabolism from
74 grms. to 10°52 grms, per man daily. This great increase is due to two
factors : the diminution in the quantity of rice by dccfmsiug the bulk of the
diet permits, as we have already seen, of an increased protein absorption ; further,
the addition of wheat ata is the substitution of & more easily assimilable protein
for the protein of rice, so that an inereased amount of nitrogen is absorbed from
practically an identical nitrogen intake. It is also possible that the change
i the type of diet has a favourable influence on protein absorption beyond what
would normally be the case were the diet constantly in use. Evidence of this is
afforded by the high protein absorption shown by Ooriyas and Bengalis on
the addition of wheat ata—the percentage of absorption being on the whole
higher than is the case with Beharis on a similar diet but one to which they are
accustomed:

those given in Table ITE (i) and

per cent. of N. of diet absorbed.

2 5 1

(ii) Investigations to determine the degree of nitrogenous metabolism on a diet of
- the lower Bengal type when one-fourth the quantity of rice and one-sixth the quantity
of dal are replaced by their nitrogen equivalent (almost) in the form of wheat ata, i.e.—

Rice e 4 20 ozs. Wheat ata . ! 5 G ozs.
Massur dal . : B Vegetables . z - i
Four prisoners—Ooriyas—over five consecutive days.
* | - I
| | - | N.of | N.of | N.of
{Quantityt Re- | N.of | Noof | = et i )
Barcn E: ‘uf urine.| action. , urine. | rice. m;r[:.tr “I]:l:" ‘:ﬁ'ﬁ:: .“ eight.
| G | ! Grms, | Grms, Grms,  Grms, | Grms Lba.
2 r| 5,330 | Acid | 3477 | 2463 2343 | 12:36 ‘ 188 | 118G
]
" |5.suu w | 4036 | 2068 2343 | 1236 | 1ss | 1186
Four prisoners, Ooriyas. . | 6730 | ‘ 1114 ‘ 2408 243 | 1236 | 188 | LIS
‘ﬁ,ﬂi} . | 3380 | 2468 2343 | 1236 | 188 | 1194
| |
5 L 5,570 e II BO:3L | 2068 2343 | 1230 168s | 1183
| [ | 1
?
o
&
[ ] .
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. Total intale— Total output—
= Noofrice . . . 12340 grms. N. of urine g 19150 grms.
N. of massur dal e S LTD ‘5 grm."constant . & S LT
N. of wheat ata . 6GL80 ' .
N. of vegetablés o BT Total nitrogenous metabolism 20160 ,
2 =04'G3 per cent. of the nitrogén of the diet,
Total N. ofintake . 31175 , =10-07 grms. nitrogen per man daily.

Contrast this

il result with the average protein metalolism on the full Bengal
jau diet :— e

Full Bengal Jail diet gives 50 per cent, of its N. gbsorbed = 755 grms. daily.

This diet T T D S R
i.., by decreasing the rice by 6 ozs. and the dal by 1 oz. per man daily and sub-
stituting 6 ozs. of wheat ata, we get an increase in the percentage of protein
absorption from 50 per cent. to 6463 per cent. and an actval increase in the
protein metabolism from 7°55 grms, to 1007 grms. per man daily,

EEd 3

Centrasted with the result shown in (i) of this table the relatively greater pro-
portion of rice in this diet—20 ozs. instead of 12 ozs.—has the efect of lower ing
the relative and actual protein absorption.

In order to solve the problem whether by increasing the wheat ata consider-

additional 3 ozs. of wheat ata per man daily.

B

(iii) Investigations to determine the degree of nitrogemous metabolism on a diet
containing a large amount of rice and wheat ata, é.e.—

Rice . - - 20 ozs. Wheatata . © . 2 9 ozs,
Massur dal . - DS Vegetables . ’ SR

23

Four prisoners—Ooriyas—over five conscoutive days.

| 1 | |
' { s - N.of | N.of | N.
{Quantityl Re- | N. of | N. of | o mﬁr “:E;mai_ E E;f_ Weight.
Barca D. :ofurine.’; action. | urine. rice. | Toy atl bles.
| !
L R Frawn -8 - ._:-—— = i e b e —
(5 at { Grms. | Grms. | Grms. | Grms, | Grms. | Lbs.
( 5,800 Acid | 36-56 | 2468 2343 18-54_ | 1'88 119-6
5,760 + 3735 24-68 23-43 18-54 1-88 119:8
Four prisoners, Ooriyas -4 | 5,750 o 34:01 | 2468 | 2348 | 1854 | 1-88 1198
Thaihe - b ety Gios b Gaa0 b 1ae | wes Lais
i | 5430 | , | 3892 | 2465 | 2343 | 1854 | 188 | 1196
2
Lo | ]

ably a better absorption of protein would be obtained, we added to this diet an A
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, Total intake— Total output— . : .
L N.of rice . . - 12340 grms. N. of urine . - . . 18562 grms. ' :
N. of massur dal . .. J1715 @ *5 grm, daily constant . L Lt 1IN !
N. of wheat ata . . 9270 ,, — |
N. of vegetables . - 940 ,, Total nitrogenous metabolism 19562, i
i e —57:00 per cent. of the nitrogen of the diet, '
Total N. of iﬂh‘fﬁ - 34265, = 978 grms. of nifrogen per man daily.

The importance of this result is seen when we contrast it with the foregoing. !

g - These two investigations (i) and (iii), Table VII, were made on the same
prisoners and under exactly the same conditions, the only difference being that
in (iii) 9 ozs. of wheat ata were given instead of 6 0zs. per man daily. The result

is 1—
Consiants, Gz of nitrogen absorbe . Per gznt. nitrogen abzorbed.
Rice . . 20 ozs. Wheat ata 6 ozs, . 1007 64:63 I
; % I}B\] - - 5‘ LE) } { !
" VegatabIES LD Wheat ata 9 ozs. . 978 a7 09

Phat is, in & diet containing 20 ozs. of rice we actually get a better absorption
when 6 ozs. of wheat ata are added than when 9 ozs. are given. S0 that, with 20
ozs. of rice in the diet, 9 ozs. of wheat ata is beyond the amount from which the
maximum absorption can take place. We shall see later, that in the Behari type
of diet the zice must be reduced considerably below 20 ozs. in order to get the
maximum absorption from a diet containing 9 or 10 0zs. of wheat ata per man daily.

We need hardly again refer to the futility of attempting to obtain the co-
efficient of protein absorption of rice, wheat ata, or dal. Thus, in (i) and (iii) the
difference of the nitrogen intake=618 grms. is in favour of (iii), whilst the differ-

» enceinnitrogen absorption is 1°17 grms. in fayour of (ii). So that apparently none
of the protein of the extra 3 ozs. of wheat is absorbed, i.e., actually less
protein is absorbed from a diet containing 9 ozs. of wheat ata than from one
containing 6 ozs, when these amounts ave given with 20 ozs. of rice, 6 0zs. of
- yegetables and 5 ozs. of dal. .

<7 - The explanation is that the large bulk of the rice interferes less with the
: absorption of a diet containing 6 ozs. of wheat ata than with that of one containing

'

TP A ———
*

L fom.

(iv) Ed'rth';_i" idence of the beneficial effects of a reduction of the guantity of rice
and the substitution of a more easily assimilable protein, is afforded by the following
' observations carried out in the Presidency Jail, Calcutta.

We saw in Table V (ii) ffom investigations on ten prisonersona diet of 24 ozs.
Burma rice and 3 gzs. each of massur and mattar dals that 55'39 jper cent.
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of the nifrogen of the diet was absorbed which meant 800 grms. per man t
~ daily. Contrast this result with that obtained by reducing the quantity of Burma i
rice to 18 ozs. per man daily and giving 4'5 ozs. of wheat ata instead. |
¥ |
Ten prisoners observed over five consecutive days. T
: 4 |
i el B S l
- : - ¢ N.of | No.of | N. of
Quantity | N. of | N, of [
: B of urine. | uri::u, . “i‘l"::"i "ﬁ“' “:;::1'.“' "‘"fuﬁl‘-:_:?' | Weight,
- | i ! 5
1; o e ! Grms: | Crms, | Grms. I Grms, | Grms. ; Grms. q Lba.
- 21,040 | 9687 | 5680 2718 | 8426 | 2066 | 472 | 1176
[ 24,020 | 0465 | 560 | 2718 | 3426 | 2006 | 473 | 1178
& | |
T Ten prisoners, Bengalis .4 | 21,400 | 9660 | 5680 2718 | 3426 | 2065 | 472 | 1178
w - |
. | 18,960 | 09-84 | 56-80 2718 | 3426 | 2006 | 472 | 175 ot
U 1ng60 | o7to | 5080 2718 | 3426 | 2006 | 472 | 1175
Total intake of nitrogen— Total output—
N. of Burma rice . . 28400 grms N. of urine ; . 48515 grms.
N. of massur dal . 171-:30 ,, ‘5 grm,. daily constant 2500, 3
. N. of mattar dal . 14830,
g - N. of wheat ata 135:90 ., Total nitrogenons metabolism . 510-15 ,,
- N. of vegetables . 2360 =066-85 per cent. of nitrogen of diet,
IS * —_— =10-20 grms. nitrogen per man daily, -
5 Total N. of intake 76310 ,,
=8 '
: T!:mt is, by reducing the quuntlty‘nf rice by ﬂr:-zs.. perman daily and substitut- =~ :
: ing for it 4°5 ozs. of wheat ata, there is an increase in the pencentage of protein g |
_ absorption from+55'39 to 66°85 per cent. and an actual increase in nitrogenous
S - metabolism from 800 grms. to 10°20 grms. per man daily.
AN : X 5

(v) As we had obtained evidence that 6 ozs. of dal was probably beyond the amount

from which the maximum absorption was possible, the following observations were made
in order to determine the effects of a reduction of the amount of dal from 6 ozs, to 4 ozs. =

per ,Im.n daily. The amount of rice was reduced from 26 to 18 ozs.—m ‘nitrogen equi-

n Bau:lg madaupby adding 4 ozs. of wheat ata:—

. 18 ozs. ¢
X 2 ]
2 .

Wheat afa .
Vegetables
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Five Bengali prisoners observed during five consecutive days. *

b

. [ | 1 - = i I
[ , Total - N. of N.of | 3 N. of
Barou B, i of“:?it;g mﬁ;‘" N. of | 9 ' attar | mattar N, of vegetas |Weight,

|
3 rice, whoat-
- | .| urine. | ¢ dal. | dal b Lo,
| |

-

C. C. Grms. | Grms., | Grms. | Grms., | Grme, | Grms. Lba.

Ir-' 11,550 | Acid | 42-76 | 2840 | 1142 | 9-86 |» 12:08 | 286 | 1175

10:050 1 25-40 | ] 12-08 2-30 1172
Thres Hindua |
- L

Two Mahomedans

10,000 37-74 2840 | 1142 0-80 12-08 2-30 117:3

10880 | . 40:47 2540 1142 | 986 | 1208 | 236 117-5

i
=
]
=]

n Ll 10.670 o 3898 | 9840 | 1142 | 986 1208 | 236 | 1175

- Total intake— Qutpnt—

N. of rice . iy b 142:00 grms. N. of urine . - . =2(3"62 grms.
N. of massur dal . 5710 -5 grm. constant ’ . 200 .,
N. of mottardal . 4940 ,,
N. of wheatata . 6040 ,, Total metabolism : - =2ReR
N. of vegetables . 11:80 , =6T7"41 per cent. of N. of diet,

=& Gt grms. of N, per day per man.

Total N. intgle . =320:60 ;

Taken in conjunction with the results obtained from the full jail diet the great
superiority of this type of diet is very evident :—

Per cent.  Grms. of nitrogen
abzorplion. per man daily.

.
i

en
[}

Ordinary jail die? —26 ozs. rice, 6 ozs. dal . : . 5000
Thiﬂ djet—' 18‘ 33 13 4 3 L) N } 57141 E.G_

4 .. wheatata

=

-
L]
- r

: When wheat ata was substituted for part of the rice or dal or both many other
results were obtained and all showed the beneficial effects of a reduction to 18 ozs.
of the quantity of rice in the diet, when its nitrogen was partly or wholly
replaced by protein derived from wheat ata. The observations also corroborated
the evidence already brought forward that the 6 ozs. of dal in the ordinary
jail diet can be reduced with satisfactory results, so far as the protein metabolism
of the prisoners is concerned, Even in the case of gram dal, which is the poorest
in nitrogen and, as we have already infimated, probably the most difficult of
assimilation, a reduction of one ounce per man daily can easily be made—when the

rice is reduced to 18 ozs. and 4 ozs. of wheat ata are added toThe diet—and a

& i » A
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protein absorption be obtained much superior to that possible with the ordinary
jail diet.
Thus orra diet consisting of— .
Burmarice : 3 . 18 ozs. Wheat ata . . . 4 ozs.

Gram dal . f . Tl Vegetables - . o N

The average metabolism was practically 8'50 grms. of nitrogen per day.

From these observations it is evident that by a very simple change in the diet,

much better results can be obtained than is possible from the lower Bengal
dietaries as at present constituted.

The changes foreshadowed by these investigations would be :—

(@) A diminution in the quantity of rice from the ordinary 26 ozs. to the
amount from which a maximum protein absorption is possible—
about 18 ozs.

(b) A diminution in the amount of dal by two ounces per man daily.

(¢) An addition of a small amount of wheat ata to the diet—the amount
need not exceed 4 ozs. per man daily.

The effects of these changes would be to place the prisoners on a higher level of
protein metabolism by increasing very markedly the percentage of protein absorp-
tion from the diet and decreasing by at least 50 per cent. the amount of nitro-
genous residue left in the intestinal canal thus obviating one of the worst defects of
the present dieb. At the same time the diminution of rice by 8 ozs. per man daily
will help to bring the carbohydrate element and the total caloric value of the dief
within the bounds of physiological limits, and assist in reducing the excessive
fermentation in the intestines. We shall have to discuss the framing of diet scales
later in the light of investigations carried out over a considerable period on diets
which have been based on the observations just recorded, and on some others in
which an animal protein replaced part of the nitrogen ofrice. To a consideration

of the latter we shall now pass.

[ s

(6) THE EFFECTS OF ADDING AN ANIMAL PROTEIN TO A DIET OF RICE AND
DAL—LOWER BENGAL JAIL TYPE.

TABLE VIIIL .

From investigations carried out in which an animal protein was introduced
into the diet, it was again very evident that the more the rice was decreased the
higher became the percentage of protein absorbed.

The substitution of animal food material for the dal of the diet made a great
-fh&erenﬂ&, but not nearly so much as its substitution for rice.

W
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&’hﬁfﬂllowm'g series pfﬁr_e_sﬁlt-s bring out these points very clearly :— 4

(i) Bnhatltuhon of nitrogen dmvud from goat’s flesh for halfth.s nitrogen of
arhar dal, full diet of 26 ozs. of rice. .

» Four prisoners—all OQoriyas—urine of g:re'smaers‘pooled.

oy -
(The table also shows the gradual efiect of the change in diet, two days being ngeessary before the maxi-
mum absorption takes place. The last three days only are accepted.]
F | | P : 8.
' Total ez o N.io | N.in | N. in
Roeae- | N. in | quroe N. in |
Batcn. quantity Sl AT R arhar | goat’s | vege-
of arine. ol i etk % Hee 1 dal. | flesh. | tables.
| B | ey
| | |
l C C | ‘ Grms. | Lbs.  Grms, | Grms. | Grms. | Grms.
e * & | I | | 1
: I'l 5600 | Acid | 2771 | 1082 | 3208 1285 | 1295 | 196
- | .
| | |
| 6,000 | 5 | 3404 | 1085 3208 12:85 12:65 1-96
|
{ | | |
a Four prisoners, Qoriyas . 4| 5700 | , | 3675 | 1082 5208 1285 | 1295 | 106
. I , :
" . [ '
: YESR0 | s | 2702 | 1082 5208 1285 | 1295 | 196
| 4 I | i)
g | ¥
- ‘ Li 4440 | . | sres | 1se  a3zos | 1285 | 1205 | 106
‘Y ‘Total intake— Output—
~ ' N. ofrice . .o 9624 grms. N. in urine i ; . =111-30 grms.
eakdal o . SEhbs Constant *5 grm. . =, = 600
s Gf_gﬂﬂt,ﬁﬁﬂﬂ'h 38:8 3 * =
,» of vegetables . 583 ,, Total N. metaboliem . . =11730 ,,
- = 2 = 6534 per cent. of N. of diet,
. :'gf‘giﬁ];:ﬁ;_-.ﬁggka". =179562 ,, o 977 grms, of N. per day per man.

i _'dle’b of Eﬁ 0z8. ofnca a.:ud ﬁ 0z3. ui arhar dal we see’ tlmt b_v tha

f‘@a}iﬁbﬁ’h&d with the result given on Table IIT (i), where the same five men
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s (1) Substitution of nitrogen, derived from goat’s flesh and fish, in quantities
- considerably less than sufficient to make up for the diminutionin the nitrogen due to
decreasing the rice of the ordinary diet by a half—the full amount of nitrogen from

gram dal given, 7 ozs. "

Four Ooriya prisoners under observation for sixz consecutive days.

Total
Barom. quapdity |
| of urine. |

N.in | N.in
p’u,l,b‘:'. Tl.";.'.'l.'*
flesh. | tables,

Reae- | N, in. T | ¥ in N.in. | M. in
: s Weight. | 7% -
tion. uring. rice. dal. fish.

CoC. Grms. Lbs. | Grms. | Grms. | Grms. | Grms, ' Grms.
r 5,965 | Acid 35-22 1052 1604 | 257 6-52 | 720 106
4,450 i . 4731 103-2 1G-04 2574 G-02 | T20 104G
4,700 i 4705 1080 1604 20-74 | @562 | 720 1-94

Four prisoners, < [
Ouoriyas. 5,540 | i G010 107-8 1d-04 2574 | 652 | 720 1:06
[

4,930 | = 39-73 1082 16:04 | 2574 | 652 | 720 | 1-90

Lo 4.830 | ¥ 45-02 10582 16-0:4 2574 G52 720 1:06

Total intake— Output—
N. of rice ¢ . 9624 grms. N. of urine
e idal : R 7 L ¥ S Constant 5 grm.
e . S o T
goat’sflesh . 4320 Total N. metabolism = k2 o
vegetables . 11'T6 .. = 7868 per cent. total N. of diet,
_ = 11'30 grms. of N, per day per man,
Total N. of intake = 34476 ,,

25926 grms.
1200 )

il

¥y »”

HE ] ¥

Contrasted with the results given on Table IIT (iii), where the same five men
were on the full jail diet 26 ozs. of rice and 7 ozs. of gram dal, we see that by
the substitution of considerably less than its nitrogen equivalent in the form of
fish and goat’s flesh for half the rice of the ordinary diet we get: —

Per cent. of protein  Grms. nitrogen
absorbed. per man daily,

Ordinary diet—
26 ozs. rice, 7 ozs. gram dal . 5 : . 4990 735
3 ozs. fish

13 ozs. rice, 7 ozs. gram dal {2% ozs. goat’s flesh

75:68 11-30

Contrasting (i) and (ii) of this table we see how very much greater the effect:
on protein absorption is when practically the same amount of animal protein
replaces part of the rice of the diet than when it replaces the dal, This affords
still further evidence of the beneficial effects of a rednction of the huge quantity
of rice in the dietaries of Bengal jails. o
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(i) and (ii) contrasted :—

35

-~

N. of rice. N. of dal | N. of animal Por cent. of pro- | Grms, of nitrogen
. 3 2] protein, tein absorbed. | per man daily.
Grms, . Grms, Crms. i
32:08 1283 12:05 G334 577
*16:04 | 2574 1372 808" 1130
-

(iii) The effects of substitution of practically the exact nitrogen eguivalent of
half the dal by wheat ata, and considerably lsss than the nitrogea equivaleat of half
the rice by protein derived from fish :—

DIET A.—Rice g . . 13 ozs. |
Arhar dal . ; : - FRE Wheat ata . ; 5

Vegetables b ozs.
[These observations show the gradual effect of the new diet, two days being required before nitrogenous

metabolism became constant at the higher level obtained ,with the more assimilable protein of wheat
ata and fish.]

l.'-"i‘jh - ™ - - G 0zs.
65 ,

Four prisoners—QOoriyas—obszrved for three days.

Total

i Taotal dp | S 1 o (O] T M. in
Barcn. ‘quantity 1:.“":' N. of Weight 3",__“1 arhar :\'r 5 | ::.‘ .];u vige-
'of urine, OO urine, s dal ] B3| tables,
C. G | Grms.  Lbs. | Grms. | Grms. | Grms. | Grms. | Grma,
" 5,080 Aeid: | 27:70 .e 16-04 12:85 | 12-36 13-04 1-96
. : | | 5,000 s | 2085 082 16-04 12-85 ‘ 12-36 | 13-04 1-96
ROUX pLeoDoD, - 3| 5.000 » | 4983 | 082 16:04 | 1285 | 12:36 | 1304 | 1-96
Ooriyas. || 4,650 = 46:50 082 16:04 | 1285 | 1236 | 13-0L | 196
Ll 4,620 » | 4400 932 16:04 | 1285 | 12-306 13-04 1-06
|
Total intake— Output—
N. in rice . < . 4812 prms. N.inurine . : = 13743 grms.
S s alaal : « BUOD s Constant *5 grm. . 600 .,

ata . A L 8T8 .,

:: :: fish . : . 3912 Total N. metabolism . = 14343 .
,» »» vegetables. . . L bBs ., = 85 50 per cent. of total N, of diet,

. 11:95 grms. per day per man.
Total N. of intake . = 16775 ,, 3

That is, with a diet of the above type we obtain an absorption of protein that
compares ver}: favourably with that got from European types of dietaries—
twelye out of the fourteen grms. of nitrogen offered per man daily being absorbed.
So that the Bengali is quite able to assimilate and make use of protein when
this is offered him in a form easy of absorption.

(iv) Practically the sams diet as in (iii) except that gram dal replaces arhar dal
while the nitrogen from fish is somewhat less, i.e.—

i 4 2 " . 13 o0zs.| Fish - : 5 « D2 oz,
e 5 (m dal . . - 3 T Wheat ata . . & ﬁ'ﬁ. I
*  Vegetables . ‘ - 6 oz, °
L




: : 86 :

': Eh o | I |

: Total | | Total | =iz [N : : N. in
i Re- | 5: ‘ N. in x N. in N. in :

- Barcn. quantity| M. of |we.ght_ Mo U H | Vege-
of urinei agbion. | urine, Hee. | dal | oW : fiala: tablea,

L] " p o u — T, = -~ |-
[ERN e | Grms. Ll Grms. | CGrms. | Grms. | Grms. | Grms,

5,670 Acid | 30904 98-8 | 160 1287 12:36 11441 L0
o | e |
5,030 » | S9:51 | 988 | 1604 287 | 1236 1 JA14l ) 1-04

Four prisoners . 4,980 | - ‘ 3030 03-G 1604 1287 | 12436 | 11441 1-06

5830 | . | 3s74 | 987 | 1008 | 1287 | 1286 | 1141 | 106

4,700 | ,, | 4036 | 98-8 | 1604 | 1287 | 1236 | 1141 196

Total intake— - Total output—

Newas crice: | . 80°02 grms. “N. of urine : - - . 196:95 grms.
s 35 arhar dal T L T -5 grm. daily constant s o 00

» 1 ata - . 6180 ,,
oy clish . . b7Toh Total nitrogenous metabolism . 20695 ,,

, vegetables . 980 = 7071 per cent. of mtrogen of diet,

= 10-35 grms. of nitrogen per man daily.

Total N. of intake =273-20°

If we assume in these results (ili) and (iv) that an identical amount of nitrogen

18 absorked from 12°85 grms. of arhar dal and 12°87 grms. of gram dal, then the

difference in the daily quantit~ of nitrogenous metabolism must be due to the -

TR

difference in the nitrogen intake of fish. % v ¥ "

Difference in nitrogen intake of fish between (iii) and (iv) . 65'20—57-05 grms,

¥ = 81h .,
Difference in amount of nitrogenous metabolism (iii) and (iv) =59756—51'060 ,,
= = 800

which would mean that 8°15 grammes of nitrogen as fisk gives an[increased nitro-
genous metabolism of 8 grms. or that practically 100 per cent. is absorbed ; but
we have shown that when the protein of arhar dal and gram dal is offered
in equal quantities, the protein of gram dal is not quite so well absorbed as thag
of arhar dal—see synopsis of Table I1I—so that, making allowance for this slight
difference, it would mesdn that 96'8 per cent. of the nitrogen offered in the extra fish
was absorbed, a result very clesely approaching those obtained by European and
American workers. ¢

But, as we have already pointed out, it is only possible to show that over 95

per cent. of the protein of fish is absorbed when the bulk of the jail diet is very

greatly diminished. When the diet is at all bulky the protein absorption from fish
or animal diet appears much lower than 95 per cent. : this is most probably net due

to less being absorbed, but to the fact that the system being able to satisfy its re-
quirements easily from fish or the animal'diet given, less protein is absorbed from
the bulky part of thé diet than would otherwise be the case. Inall probability also-
the bulkiness ofsthe diet interferes with the protein absorptiofi from animal food-

"
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stuffs, just as we Liave seen it does in the case of vegetable materials. » Whatever
the true explanation may be there is no doubt that when the rice of the diet is ex- -
Cessive in_amount, the addition of an animal protein  has not the same
relative effect in increasing nitrogenous metabolism as when «the quantity of
rice is low. Now this cannot be due to the excessive carbohydrate element, when
the quantity ofriceislarge, sparing protein, because we find exactly the same
results when the carbohydrates are kept constant ; and we have good reason to
suppose that when the carbohydrate element of a diet is such as supplied by
the ordinary Bengal jail standard, a very large part of it is never made use
of in the body, but is either broken down by fermentation or passed out
nnchanged.

The influence of the bulkiness of a diet on the apparent amount of nitrogen
absorbed from an animal protein is clearly brought out in the following investiga-
tions :(—

(v) In Table V (iii) we saw that on a diet composed of—

Rice . ALY . 20 ozs. ]

” Massur dal L there was a nitrogenous metabolism of 840
Mottar dal . CTaRaL | grms. of nitrogen per man daily.
Vegetables . SreALTl SRl

Now add 6 ozs. of fish to this diet and we get :—

*

Four prisoners observed for five consecutive days.

BaTcH fQunntitJ.‘ He- N, of | N, of ?;:sg.f:r N, of | %cﬂtt Waight
i :of urine. action. | urine. rice., Al fish. | m‘;le.'i g
e R 03 S r
| ac | Grms. | Grms. | Grms. | Grms. ‘Grms, : Lbs.
3 i |
| 5555 | Acid | 4048 | 2468 2812 1304 | 188 | 1139
gazo b 4067 | 2068 | 2812 1304 | 188 i 1142
Fourpoisoners » - -1| 6180 | ., | 4658 | 2408 | 2812 | 1304 | 188 | 1134
510 | . | 4140 | 2068 | 28312 | 1304 | 188 | 1136
L] | | | | | |
4300 | . 3047 | 2468 2812 1304 | 1:88 | 1139
- t—""
tal intake— Total output
TGN. of riea® . . 12540 grms. N.of urine . : - . 20869 gris.,
3 3y LASSUT dal . 14060 ,, "D grm. constant . g . 10000 )
FTU ﬁBh i = 652{' s . 9 o
i vegetables : 940 ,, Total N. metabolised . . . 21869 ,
W . L . = (4:58 per cent. of diet,
Total N. of intake L . _ = 1093 grms, N. per day per man.
3 S, L Difference in nitrogencus
ifference in nitrogen intake ! :
2 due toadded fish® = 1304 ,, metabolism . . & ="1012grms.
-
'
-
- * 5
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which would apparently mean that 13:04 grms. of nitrogen given in fish increases
© the nitrogenous metabolism by 1012 grms. _

This would be an absorption of 776 per cent. of the protein of fish ; but we
have already seen from investigations (iii) and (iv) of this Table, that 968 per cent.
of the nitrogen of fish is absorbed when the rice is reduced to 13 ozs.” per man
daily ; there must, therefore, be some influence at work to cause this great
variation. It cannot be a difference in the carbohydrate element as this is identi-
cal in the two diets tontrasted in (v): so that by exclusion it'can only be the
difference in the bulkiness of the diet in (iii) and (iv)—where rice is given In
quantities of 13 ozs., compared with its bulk in (v)—where 20 ozs. of rice per man

daily are given.

(vi) Further evidence that theaddition of an animal protein to a diet containinga
large amonnt of rice has nothing like it proper influence in raising the level of nitro-
genous metabolism, is afforded by the following investigations :—

Rice . . - . . 20 o0zs.

Massur dal P s e G e ] same diet as in (v) with the addition of
Fish . . . : i D005 HI 3 ozs. more fish.

Vegetables. ; ; S i

Four prisoners observed for five consecutive days.

|
[ {
; T = 1 | N. of
Quantity Re- Hoof | Noof [ 250 | Nowof o
Batcu C. |:>'E urine.  action, | WPO® rice. ma;:;:" fish. t:_ﬁ:;_ Weight.
o Grms. | Grms. | Grms. | Grms. | Grms. | Lbs.
! 4,230 | Acid | 4414 | 2068 | 2812 | 1056 | 188 | 1148
| 4000 " 42-:00 | 2408 @ 2812 19-56 | 1-88 1150
h ] | 5,400 i 43-84 | 2188 | 2812 | 19-56 | 188 | 1150
Four prisopers, OQoriyas -3 | 5095 = 4551 | 2468 | 2812 | 1u56 | 188 | 1146
L 4,380 " 4741 24-68 | 2812 19-56 1:88 114:8
| | i -
Total intake— Total output—
N. of rice’ A . 12340 grms. N.ofurine .* . - . 22350 grms.
,, , massur dal . 14060 -5 grm. constant . : < 1000,
TR L] ﬁ'Bh i) 3 T+Bﬂ LLE! P - ..
3 ?egﬁtableﬂ . 940 ,,i Total N. metabolised . A . 23350 3
¥ ¥ '

=629 per cent. of N. of diet,

Total N. of intake . 371°20 — 11'T grms. N. per day per man.

That is, contrasting the results in (iii), (iv), (v) and (vi) of this ft,a.bile we get :—
Nitrogen undergoing

S metabolism. Grms..
Rice 2 e ish 396 grms. N=6ozs. . 1195 per man dail
‘Achar dal P in T (a) Fish 3 2_ grm per ma Y.
Wheat BB J t{b] ., 28 , N=bZoz. - 10:35_,, . Vi
vegetah 23 e, 6 ,
r : 2 > s

LTS, CEENE—

S S




» . 849 . .

. which means the absorption of 96°8 per cent. of the nitrogen of fish. °
. Nitrogen undergoing ;
motabolism. Grms.
Ril:ﬂ - EG 0Z5, -? {ﬂ} Nfz grmsr N.‘ . B 514[‘:{1{[“},-
PIIEIBS'EII dal . 6 - - 4 {E] Fish 480 grms, N. =€I O%8. . 1170 -
Vagat-nb]egl X ﬁ L} j {T} L 3.25 bE N. :G T : . 1{}' !}3 B

which means the absorption between (a) and (y) of 77°6 per cent. of the nitrogen
of fish and between (a) and (B) of 67°5 per cent. of the nitrogén of the fish. So
that an increase in the quantity of fish in a diet would appear to cause a

o decreased percentage of its protein absorption. This relative decrease is, however,
not due entirely to less of the nitrogen of fish being absorbed but, in all prob-
s ability, is brought about by the physiological requirements being satisfied by the

animal protein plus a certain amount from the other constituents. Therefore, an
increase In the animal protein will entail less nitrogen being required from the other

B a _ constituents, and thus an apparently low protein absorption from fish will occur.
In whatever way this is brought about, the fact remains that unless the
bulk of a diet is such that the stomach and intestinal tract can deal with it effectively,
| the maximum percentage of protein absorption cannot take place. This in itself is
a strong argument for a decrease in the bulk of the diet and, @ fortiori, of its rice
@ countent.
£ *
(vii) The effect on nitrogenons metabolism of replacing one-third of the protein of
- rice by nitrogen in the form of wheat ata, and one-third of the protein of dal by nitrogen
: in the form of goat’s flesh, i.e.,—
Rice . . 3 . 18 ozs. Goet'sflesh . - . 32 ozs.
. Massur and mattardals . 4 Vegetables . : ey d i) e
© Wheat ata - 3 : sl =h
& =
Five Bengali prisoners observed over len days.
- |
: : : w o N.of N.of N. of
Batcn D. Qu";-m.-l'“'!"._ F."Eﬂ N. of '?'i'l:”i 3.]“{ wheat | goat’s | vege- | Weight.
. Dfumm'; o R % | sta. | flesh. | tables.
- A " _ :
oG Grms. | Grms. | Grms, | Grms, i Grms, | Grmes. Lbs.
0,370 | Acid | 4617 | 2840 2128 | 1350 | 1050 | 236 | 1108
- 8,930 o 46-15 25-40 2123 13-59 150 236 1197
9,800 | . 716 | 2840 | 2128 | 1359 | 1050 | 2:36 | 1198
10,830 | ., 4693 | 2840 2198 | 1350 1050 | 236 | 1199
ive prisoners, 9,970 : 44-24 | 2840 | 2128 | 1359 | 1050 | 2-36 120°1
* ; Bgé.m. 10,360 | . 4568 | 2540 2128 | 1259 | 1050 | 236 | 120-0
8,390 5 49:62 2540 21-38 13-59 ‘ 10-50 2:36 1190
9.900 | % 5283 | 2840 | 2128 | 1359 | 1059 | 236 | 1110
- g 9,310 | ,, 4918 | 28-40 | 2128 | 1350 | 10-59 | 2:36 | 1198
Bfﬂﬂ o 5200 2840 | 2128 13-59 1C-50 i 119-8
o
® L -]
L]
L
L ]
-]
’ L=
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Total intaka— Output— :
*~ N.of rice . . 28400 grms, N.of urine . . - 47996 grms.
s 2y dals . w 2EEE0 . 3 ‘5 grm. constant . . as  ,,
3 3y Whedt ata o Laphnn o =
s 3 goat’s flesh = 105000 ., Total nitrogenous metabolism=50496 ,,
» s Vvegetables . 2360 =G6:33 per cent. of N. of diet.
=10"09 grms. N. per day.
Total N. of intake . =T761-30

(viii) In connection with (vii) we give the result from exactly the same diet
but with almost the same amount of nitrogen derived from fish replacing that from
goat’s flesh. 34 ozs. of fish replacing 3'2 ozs. of goat’s flesh.

Five Bengali prisoners over ten days’ observation.

| : N. of :I | N. of
Quantity] Re- TotalX¥. N.of | N.of | 5° Niiof | =t :
S ot | of uri.nc.! action. | of urine.! rice. dals. | wheat fizh, g Weight.
| ata, tables.
|
AT B e O | e
: c.C | Grms.  Grms. | Grms. l Grms, | Grms. | Grms. | Lbs.
. ! .
| %880 | Acid 4575 23340 2125 13-50 | 10-00 2:36 124-8
[ 8930 | o 45-13 2540 2128 13:59 | 10:00 2-36 124-8
[| %840 | 4834 2540 2128 13-59 | 10:00 236 1252
{1 8oz | .. 4G 2540 21-28 1359 10-00 2-36 1254
. Five prisoners, lf 0440 | . [ 40-62 2540 21-28 13-50 10-00 436 1253
Bengalis. | | 7300 i [ 46-19 2540 21-28 1 13:59 | 1000 230 1253
6,200 i a0-37 25-40 21-28 13:59 1000 2:36 1250
i | 7820 | . 0328 23-40 21-28 13-59 | 1000 2-26 1248
AR LT 36:18 2840 | 2128 | 1359 | 1000 | 236 | 1249
U 7540 - 45117 | 2840 | 2128 | 1359 | 1000 236 | 1248
- |
Total intake— Total output—
N.inrice . : . 28400 grms. N.of urine . . . 486'67 grms.
SRl - . 21280 ‘6 grm. constant . . 2500
,, wheatata . . 13390 :
, fish - o OO0, Total nitrogenous metabolism==811'67 ,,
,, vegetables . . 260 = 6765 per cent. of the nifrogen of the diet.
= 10-23 grms, nitrogen per man daily.
Total N. of intake . .=T756'30 ,, i

Contrasting (vii) and (vili) we see that there is a difference of 5 grms. of nitrogen in
4 the intake in favour of the diet containing goat’s flesh, yet there is almost seven
grammes of nitrogen better metabolism from the diet containing fish, so that on
the whole, fish is slightly more easily absorbed than goat?s flesh, but the
difierence is yery small—only 0'14 grm. per man daily.
Taken in conjunction with Table VIII (v) it affords further evidence of the
slight effect of the addition of an animal protein in raising the level of nitrogenous

metabolism, wiren the diet is bulky and made up of vegetable'matter.
L-d i .

'\l
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Thus in a diet almost exactly similar but containing no goat’s flesh or fish we-

. find a nitrogenous metabolism of 9°51 grms. daily ; whereas the addition of 2
grammes of nitrogen from fish ¢t 2'1 grms. of nitrogen from goat’s flesh only
increases the nitrogenous metabolism by 071 and 0°58 grm. per mai daily,

&

(ix) We shall conclude this part of the enquiry with three sets of observations in
which the rice and dal were constant andlreduced—the rice to 18 ozs,, the dal to 4 ozs.

per man daily; the nitrogenous equivalent for the reductionin® rice was made up in
different ways., Tbus:—

- CONSTANT. «

Burma rice 18 0zs. ) ( Wheat ata 4 ozs, = Diet 1.

24 ozs. 4 goat’s flesh

|
* ; } —:— 2 ozs. =Diet I1.
Mattar and massur dals . 'L | » s 24 ozs.+fish 3 ozs.
Vegetables ) L = Diet ITI.
a »
Diet 1.
Five prisoners observed for five days.
i T { i |
1 Quantity] Re- Tnhl\ . of N of | N.of | M. of |
BaTon. of | action. | a3l gk -L.-“: wheat | vege- | Weight,
| urine, uu:m PRt G5 | ata. | tables.
| | | '
- — —i
. .G | Grms. | Grms. | Grms, | Grms. | Grms. Lbs.
|
r! 11,550 | Acid 42-76 28-40 21-28 1208 2:36 | 1175
|
[ 10950 | 37 | 2840 | 2128 | 1208 | 236 | 1172
| |
Five prisoners, Bengalis™ . 3 | 10,000 3774 2840 2198 | 1208 | 236 | 1173
f | 10,680 | 4047 | 2840 | 2198 | 1208 | 236 | 1175
I
LI Iﬂrffﬂ - 3828 9340 2128 12-08 | 2-36 | 1176
. |
Total nitrogen of intake— Total ouftput—
N. of rice . . 142:00 grms. \ cf urine . 20362 grms.
o dale’ . . 10640 ., 5 grm. daily cnnbtant 4 1250 ,
. wheatata . . 6040 ,,
. . Yvegetalles . . 1180 Total nitrogenous metabolism 21612 ,,
=6T-41 per cent. of nitrogen of the diet.
Total nitrogen intake— 32060 ,, = 864 grms. nitrogen per man daily.
] T . 3 z ~
i.e., when the nitrogen lost by reducing the rice is replaced by nitrogen
= : in the form of wheat ata 67°41 per cent. of the nitrogen of the diet is absorbed, or
864 grms. of nitroggn per man daily. g 4
: N2
» - L]
+
2
= L]
- » - [ ] »
L L
L a8 ;] o
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Diet II. ’

Five prisoners observed for five days.

i3

" i | |

- i - - ' ' of |
BT Qﬂﬂg:lt? RF- | N-.I of ! h: of | N.of ! N. ol | gﬂﬂ:ﬁi . :t{gu- “"L"ighh
uring. | action. | urine. | rice. dals. | wheat- | Fesh ke
g ! . .
I { ]
C.C. Grms. | Grma, | Grms. | Grms, l Grms. | Grms. | Lba
r 11,110 Acid 46-78 2340 i 21-08 670 | 650 | 236 1152
|| 11,830 o 4485 | 2840 | 21238 | 679 | 0506 | 2-36 | 1180
Two Hindus . ’ | | | |
0,630 & 449 | 2840 | 2198 | @T¢ | G5O 2:36 | 1184
Three Mabomedans ] |* | '
12860 | . 4624 1 2540 | 92123 679 | G656 230 118-4
L 10,620 ] 4452 | 2840 | 2128 | 679 | 656 230 | 1182
! | | ol |
Total intake— Ountput—
N.ofrice . . . 14200 grms.  N. of urine |, . . 226'88 grms.
. dals d . 10640 ‘D grm. constant . . RO "
» wheatata e an —_—
» goat’s flesh . G cooal Total N. metabolism . =230'38 .,
», vegetables . 2 iR = T2:99 per cent. of N. of diet,
e = 0D7 grms. N. per day per man.
Total N. of intake . .=327-95

Contrasted with the resuit shown in Diet I, in this diet the deficiency in nitrogen
from rice is made up by almost equal amounts of nitrogen from wheat ata and
goat’s flesh, instead of, as in Diet I, entirely by wheat ata. The result is that
there is a much better absorption from Diet IT, showing that the proteins of wheat
ata and goat’s flesh even when offered in these small amounts are very differently

absorbable. o
Diet 111
Five Bengali prisoners over five consecutive days.
| | | | ¥
[Quantity | Total . | ., AT | N.of = F N, of
Batca C. of | of ?in;:f { i;i:f wheat ?‘ﬁ:f vege- | Weight.
urine. | urings. | = i ata. * J.tables.
. C.C | Grms. | Grms. | Grms. | Grms. | Grms. | Grms. | Lbs.
r| 8000 | 4782 | 2840 | 2028 670 830 2:35 | 1239
| [ ]
| $370 | L0224 2840 I 2128 670 839 | " 230 123-3
TwoHindus . . .|| | 4
4 8260 | 43-48 2840 | 2128 G790 839 2-38 124
Three Mahomedans . o |
| 1t 46-16 | 2840 2128 670 830 2-36 1238
1 | L
U 8470 } 46-05 | 2840 | 2128 G-70 8-30 236 123-0
|

P




93
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Total intake— , Output—
N. of rice . : . 14200 grms. N. of urine : - . 23465 grms.
SR PG X . 106-40 ,, ‘b grm. constant . . 1260
s» Wheat ata . S San o e
i DAk #, - G Total N. metabolism . . L4Tlh |,
» vegetables e 2 HERTR IR = 73:54 per cent. of N, of-diat,
e e e = 988 grms. N. per day per man,
Total N. of intake . . 33610 ,, .

L

Now we have already seen that the protein of goat’s flesh and that of fish are
practically equally absorbable ; therefore, by contrasting the results of Diet IT and
11T we can find the percentage of protein absorption of fish and goat’s flesh in diets
of this type. :

Thus the difference in nitrogen intake—all due to nitrogen of fish =815 grms.

The difference in the amount of nitrogenous absorption between diets II and II[=T"T7 grms.

Therefore 815 grms. of nitrogen of goat’s flesh or fish show an absorption of 777 grms.
or 953 per cent.

It will be noticed in these investigations that where a normal (European)
absorption of the protein of the animal food is obtained, the bulk of the dieb is very

much reduced from the ordinary jail standard.

Summary of Section 4.

This concludes the investigations so far as this section, dealing with the effects
of varying the components by adding wheat ata or an animal protein, is concerned. :

It will be evident from the observations recorded in Tables VII and VIII that
very good results as regards nitrogenous absorption and metabolism can be ob-
tained by the addition of wheat ata or an animal protein—particularly when the rice
or dal or both rice and dal are decreased to nearly the proper limits.

In Tables VII and VIII we may exclude in the present summary all investi-
gations where the full 26 0zs."of rice formed part of the diet or where the rice
was reduced to one-half that quantity. The results obtained with these amounts,
while very instructive in demonstrating the retarding influence of the full amount
of rice on the protein absorption frem a diet containing if, or in demonstrating the
opposite in the case of diets in which the rice is reduced to 13 ozs., are outside the
limits of the quantities of rice necessary in diet scales framed fora rice-eating
people. The {ulﬁ amount of 26 ozs. we haye ample evidence is far too much and is

not only useless but actually harmful as. regards protein absorption ; the smaller
amount of 13 ozs. is perhaps too low for a people accustomed to consume fairly

large quantities of rice. .
y @
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We have already seen in Section TIT of this chapter that by decreasing tlke
amount of rice by 8 ozs. or so per man daily, a very much better absorption of
,t he protein of the diet is rendered possible, The questions would, therefore, arise
1 adyocating a change in the jail dietaries—would this not be sufficient, or is it
necessary to seek further for a better type of diet ? There does not appear to be
any doubt but that this reduction would do all that is necessary, m'.;'-:., permit of g

better protein absorption, and relieve the diet of some of its unnecessarily large
carbohydrate element.

It is generally admitted that the average amount of rice consumed by the
working people is 16 ozs. per head daily, and that the dal taken with the meals is
much below 6 ozs., so that the prisoner is better fed than the working population of
the country. We have, further, direct evidence that the prisoner’s protein meta-
bolism is on a higher level than obtains in students. servants, ete., living on
dietaries of their own choosing.* Tt would, therefore, be no hardship, but on the
contrary a dietetic gain, for a member of the working population to be put on a
jail diet composed of 18 ozs. of rice and 6 ozs. of dal, or even 5 ozs. of dal. We
have no desire to enter into a discussion of the question whether jail diets should
be penal ; we may say in passing that such a thing is almost an impossibility with
diets founded on the food-stuffs inuse in Bengal, for the scale of living is so low
amongst the great mass of the people that, short of starvation, it would be almost
impossible to frame dietaries for prisoners that would not be superior to those on
which a large proportion of the classes from which criminals are drawn already
exist. We are only concerned with the physiological side of the problem and with

. the nutritive value of the dietaries—to see that the prisoner’s food is given in
such quant#ties that a maximum good may result, and that he may be maintained
in health. If we can so arrange the form and quantities of the food materials
that these conditions are fulfilled we shall, at the same time, perform our duty to
the State by ensuring the greatest economy in the dieting of the prisoner.

Looking at the problem entirely from a physiological point of view—the fram -
ing of a diet, limited to rice and dal, that will provide a sufficiency of the actual
proximate principles, given in such quantities as will ensure their absorption to a
maximum extent—we have no hesitation in stating that a diet composed of—

Rice 18 ozs. . - - . ; . } with the ordinary

Dals 5 or 6 ozs. extras
is much superior to the present scale, not only as regards .its physiological aspects
but also as regards the maintenance of the health of the prisoners. When rice and
dal are combined in these amounts thf: intestinal tract is ai..ﬂe t? ?bsnr}f} the
nitrogenous elements to a maximum extent and, at the same time, if is rg]_m_ved_

¢ E: * Scientific Memoirs, No. 34.
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from having to deal with the great mass presented by the ordinary jail diet.  The
carbohydrate element offered even by this reduced scale is more than sufficient to
meet the daily requirements, for fuel to maintain body heat and as a seurce for the
energy of museular contraction. 3

Further, it is superior to the diet available to the oreat bulk of the population
of lower Bengal, and fulfils the conditions laid down by Major Macnamara, LM.S.,*
*“the public obligations towards a prisoner are fully discharged as regards food,
when he is given a sufficiency to maintain him in health, though this amount does
not necessarily satisly his craving or capacity.”

If, therefore, it is considered adyisable to limit the jail dietaries to the food
materials rice and dal, we strongly recommend a reduction to at most 20 ozs. of rice
with 5 ozs. of dal or 18 ozs. of rice with 6 ozs. of dal.

From the results of the investigations recorded in section (4) it wounld seem
adyisable to consider the question of the addition of wheat ata or an animal pro-
tein to the lower Bengal scales. While it would not appear to be absolutely neces-
sary to add either of these food materials, the fact that, by giving a very small
amount of one of these more easily assimilable forms of protein, we can place the
nitrogenous metabolism of the prisoner on a higher scale, and, therefore, in all pro-
bability increase his power of resistance to disease, must be looked on as so much

* gain—particularly so, as this can be done without increasing the cost.

The following collation of the results of observations in which an animal
protein or protein from wheat ata was substituted for part of the protein of the
ordinary Bengal jail dietary, shows how the addition of an assimilable protein
may best be carried out, and what its effects on protein metabolism are :—

* Result extracted from Tables VII and VIII,

: g : Percent. of nitrogen | Grms. of nitrogen per
CONSTANTS. Varying materials. I Sbearbed fro dist e daily.
Rice 20 nzs.}, Fish 6ozs. . . ; 64-58 10:83
i .
{Dals 6 4 Syl . - . 6290 11-70
Wheat ata  Gozs. . i 04-63 10-07
Rice 20 vzs, |
2 } " 1 Y L] L . 5?'1}9 878
Dﬂlﬂ ity [
L o SR e - G3-01 8:87
Rice 18 ozs.
3 + Wheat ata 4} ozs. . . G685 10-20
Dals 6 =

# Notes on Indian Jail Dmt.u.nea Major Macnamara, LALS., 1006,
t The dal given in this observation was 5 oz: of gram dal, which is about equul toed 0zs. of any

ut]:uar dal.

# o
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Results extracted from Table VII and VIII—contd.

CoxsTafiTs.

| Varying materinls,

Dals

Dals

Rice 18 ozs.
* {

|
Clar
|‘l

Rice 26 ozs. }

E £l

{
(| Wheat ata 4 ozs, : =
” w 4% . -+ goat's
fesh 3-2 ozs,

T " ‘l& 0z8. =4 fish |
24 ozs. |

w24 pzs,+goat’s
flesh 2 ogza, _
- - 24 pzs,-fish 3/
028, |
|

L

i

Por cent. of nitrogen
abzorbod from diot,

6741 }
|
66-33 |
6767

7249

Ta-04 |

Contrasted with average for ordinary diet.

Nil . - A

5050 |

Grme. of nitrogen per
man daily,

It is evident that with any of these types of diet we get a much better absorp-
tion than with the ordinary jail diet ; there must, therefore, be a proportionally
smaller residue for the intestines to deal with, and so much less opportunity for
intestinal putrefaction and fermentation. We arenot concerned with the question
of vegetarianism nor with the degree of nitrogenous metabolism supposed to be
most beneficial to health ; what we are desirous of doing is to arrange the
constituents and the quantities of those constituents in such a manner that s
maximum effect will be obtained, thus entailing a minimum amount of waste and
an economical dieting of jails by the State.

With this object in view and ever bearing in mind its beneficial effects, so far as
can be at present judged on the health of the prisoner, we would recommend that,
in case it were deemed advisable to enlarge the list of the constituents of lower
Bengal jail diets, a reduction in both rice and dal be made with an addition of wheat
ata or—in certain prisons, where fish is easily and cheaply procurable—an inter-
changeable quantity of fish. The type of diet that would appear to give the best
results and leave the least residue would be on somewhat the following lines :—

Rice, Burma or country
Different’dals available
Wheat ata daily

or

Fish, in place of wheat ata twice a week when procurable |,

Vegetables .
Salt . - = - :
Gun@menta, ato., . : - .

- - -

18 ozs,
4 1
d

4 Lh
ﬁ b5
} L1

. . a8 1n present scale.

#
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these for a period of about six months ; a report of the effects of the change, with
observations on the degree of nitrogenous metabolism, the health of the prisoners,
the effect on body weight, ete., will be found in its proper place. Wédo not con-
sider that.an animal protein is at all essential in the dietaries of a practically
purely vegetarian people, and, therefore, would only recommend a change to
fish from an economical standpoint ; mutton, goat’s flesh, ete., are not required.

While we do not consider that an animal protein is necessary there is no doubt
that the addition of even a small quantity appears to have a marked influ-
ence in assisting the absorption of protein from a diet of the Lower Bengal type.
We obtained evidence of this in some work carried out in Midnapore jail.

The custom in that jail is to give what is termed ** fish relish —a very small
amount of fish mixed with the rice. It is much in fayvour with the prisoners and,
as fish 1s cheap in Midnapore, the cost is purely nominal. The following are the
results of the protein absorption when a small quantity of fish is added to the
ordinary jail diet :—

Twenty prisoners observed over a period of seven days.

Faees: of prisoners pooled in batches of five,

We haye placed all the prisoners in Puri jail on diets somewhat similar to

& | Total nitro- N of %. of \ i N of .
Barom, ron of Tl vege- = Weight,
fivces, e el tables. fish. | ;
g e AN
Girms. Grms. Grms, Girms, Cirms. Lbz,
r| 1o 150510 11450 (48 7068 114°5
| |
] 50 15578 Mlss firds 768 114-7
i 08-30 15550 L1052 G5 Tris 114-8
Twenty prisoners, Beogalis . o H8G6 15164 120-52 45 768 1140
o |
I 8443 154040 12100 fi=48 7068 1140
! 110041 152406 Jog-32 48 768 114-8
|
X L 10117 5780 037 48 768 1148
-
Total intake — Total output—
N. of rice i = 1.074:23 grms. N, of ficces - . . THETH grms.
N. of dals - > T™HE30 |, 1 STy
N. of vegetables . 4536 ,, Total nitrogenous metabolism = 192565
N. of fish : : 2376, — 71475 grms, = L0000 ..
r = =6288 p.e. of the nitrogen the diot
Total nitrogen mtaks . 192565 grms. = 865 grms. of nitrogen per man daily,

To this should really be added, in order to make the results comparable with
those in which the nitrogen of the urine was taken as the criterion, a certain amount
of nitrogen to cover the quantity passing out in the intestinal secretions. This
amount has been variously estimated; but, accepting v. ‘Nﬂ{}r{%['ﬂ's value of

4]
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0"2 grms. nitrogen daily, we bring the nitrogenous metabolism up te 8'85 grms,
per man daily.

When t-'l_liﬂ result was contrasted with the ‘ayerage 7'56 grms. of nitrogen
found for the absorption on the full jail diet, it appeared possible that the addition
of a small quantity of fish had exerted a very decided influence in aseisting the
absorption of protein from the Jall dietary. As the quantity of nitrogen per man
daily derived from fish was only 04 grms., and as it seemed to increase the pro-
tein absorption from the diet by more than this amount, it was at fivst thought pro-
bable that the animal protein had caused an inerease in protein absorption greater
than could be accounted for in the amount of nitrogen furnished by the fish.
But, while not denying that an animal protein may by its presence exert a favour-
able influence on the absorption of vegetable protein, these results are open to a
simpler explanation. If the diet consumed by the prisoners be examined we find
that instead of the whole 26 ozs. being eaten, only—on an average—23 ozs. were
eaten, and that the full 6 ozs. of the different dals were not consumed. So that,
besides the addition of fish, we have two factors present, both of which we have
proved to have a decided influence in increasing the amount of protein ab-
sorption. When these two factors are taken into account and the absorption
from fish is added, the margin of difference is too small for us to be able to say
positively that the fish exerted any marked influence in inereasing the absorption of
protein from the other constituents of the diet. For we have shown that with a
diet composed of 23 ozs. of rice and 6 ozs. of dal 809 grms. of nitrogen are ab-
sorbed ; also that a diminution in the amount of dal to about 5 ozs.—as happened
in these observations—is followed by an increased absorption. When the absorp-
tion from 0°4 grms. of nitrogen in the fish is added, and also the slight increase due
to the decrease in the amount of dal, the total absorption would come, almost
within the limits of experimental error, to the 8'85 grms., which was found to be
absorbed by the Midnapore prisoners.

It would not appear, therefore, that the addition of this small amount of fish
to the diet had much influence on the absorption of protein from the rice and
dal, at least, not when rice and dal were given in quantities of 23 ozs. and 5 ozs.,
respectively. Nevertheless, we believe that if it were found to be economical
the addition of a little fish to the diet would be much to the adventage of the
prisoners. It is not, however absolutely necessary, and the cost in some of the
jails might be prohibitive. ,

It could be done easily, we believe, in Puri, Midnapore, Buxar and Bhagalpur
jails, where fish 1s available in large quantities, either by purchase or by using
prison labour. In fact fish is available at cheap rates all over Bengal.

This brings us to an end of our inveat.i_ga.tim_m ‘on the dietaries of Lower
Bengal jails, apd the effects of certain modifications of these that have been

-
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Suggested. Granting that we are correct in assuming that the prisoner, on the

.average, lives on 7'56 grms. of nitrogen per day and that he remains healthy and
even puts en flesh on this amount, there is no urgent necessity to inergase his nitro-
genous meij;abolism. But, when we find that the quantities of the domponent parts
of the diets are so great that they are beyond the amounts from which the hest
absorption cin take place, we have a very strong indication for the reduction of
those quantities to something approaching proper limits. Those limits we have
tried to lay down, and we believe that we have succceded in defining them.,

We find 18 ozs. of rice per man daily to be the amount from which a maxi-
mum absorption takes place ; we believe that it will be to the advantage of the
prisoners to reduce the dal to4 ozs. per man daily and substitute for the 2 ozs.
dal ent off, 4 ozs. of wheat ata—in certain prisons giving, say twice a week, 4 ozs.
of fish in place of the wheat ata. There is no doubt that in addition to being
beyond the amount from which & maximum absorption is obtained, the 6 ozs.
of dal of the jail diet have a decided tendency to cause diartheea and digestive
disturbances ; we have therelore no hesitation in recommending the reduction of
this quanfity to 4 ozs.

: B.—BEHARI DIET.

We now come to a consideration of diets in which the quantity of rice should
not be the outstanding feature. The Beharis are much more a wheat-eating
than a rice-eating people, and therefore o larger proportion of the, protein of the
dietaries of Behar jails is derived from wheat ata than from rice. The effect of
this is that the diet is very much superior to that of Lower Bengal jails in the
quantities of the proximate principles offered, more particularly with regard to
the amount of protein and fat.

The diet scales laid down for Behari jails are :—

Burma or country rice . : : . 10 ozs, ‘[

Pifferent dals available . E : =

Wheat ata . : . ‘ 2 Sl

s ,or 1}‘ per man daily.,
Makkai ata . : - . . S e S|

Vegetables . . - ! : e i e

Condiments, ete. . . J . ashefore

We shall‘take up the investigations on the nutritive value of these diet scales
under the same lieads and in the same order as was done with regard to Bengali
diets. The experience gained in Bengal jails led us at once to the proper
method of investigation so that, instead of wasting time in trying to find a con-
stant co-efficient of absorption for the protein of the different elements of the dicts,

we accepted the established fact of the previons results that the co-efficient of
2 02
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protein absorption is not constant, but varies with the quantities of the food mate-
rials fﬂrnling the dietunder mmyestigation, We therefore arranged different series of
obseryations in which, when all but one of the constituents of the diet were con-
stant, the actudl material under Investication was made to vary. By this means
we were able to discaver with what particular amount of rice, dal, or ata the pro-
tein absorption was at a maximum, and were able to plot out the cutyes thus ob-
tained so as to show at a glance the effects of the varving quantities of the different
food materials. When we came to o study of the Behari diets we [ully expected
to find a very much larger percentage absorption of protein than in the Bengali ;
such, however, was not the case: the protein absorption from the full diet of
Behar jails is only very slightly higher than for Bengal jails., The actual
amount of nitrogen undergoing metabolism was, however, on & much higher
level. Again the reason for this poor percentage of protein fabsorption was not
difficult to find : it wasto be attributed to the same factors that were in foree
in the case of the full Bengal jail diets, viz., the vegetable food materials were
In quantities greater than the digestive juices were able to deal with to the best
adyvantage. Again we found that by reducing some of the elements fan increased
relative and actual absorption took place ; it was, therefore, our aim to discover
with what particular combinations of guantities of these food-stufis the best
absorption was possible. Having worked out this, we at once obtain that
combination which leaves the smallest residue for intestinal putrefaction and
fermentation, and ifrom which waste is at a minimum. This would, therefore,
also be the combination most cconomical to the State in the dieting of the
criminals of Behar.

SEETION 1
1. The Value of the Behari Diet in Proximate Principles.
As 1n the case of Bengal jails we give the average values : certain differences
will arise according to the samples of wheat or dal in use. The values given below

are based on the analyses of the food-stuffs that Were in use in the Behar jails
at the time the investigations were carried out :

TABLE IX.

Whear Digr. ..
I* : Wheat Makkai Vere- al Mustarg  Yelue of
RU?DPTE Blee. ata gl ata L tnhﬁ:s 4 ‘ 1J::Til : diet in
L% ' ) : ' ‘ grms.

Grms. Grms. | L Grms. | Grms, Grms, Grms,
Protein . = - = 30-85 | 3471 o, 3743 268 £ 106:67
Carbohydrate < X a3y 201-35 e 03-58 10-00 . 64332
Fat et - 4-30 | 567 e I 425 ];53 17-35 12.15

n | | | ¥
&
o
L] n
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Maxxar Drer.

|
G {Value of
PROXIMATE . Wheat | AMakkai : Vege- Mustard | 3.
PRINCIFLES, Rice. ata, uti. Dals. tables, il I o
[ | grms.
B S 4 1= S = o o
Grma. firies, Girma. CGrms. Grims, Cirms,
Protein . ; : : 30-85 o 3250 3743 368 | S 104+
Carbohydrate ; « | 338:39 s 2k 8 B 0358 | 100 [ s G76-70
Fat 2 - 5 * 4=30 . 1500 425 | 1:58 1735 | 4448
I

These figures we may accept as a air average of the Behari diet from day to
day. Comparison with the diet of Lower Bengal will show the higher value in hoth
protein and fat with very little difference in the carbohydrate. We need not again
refer to the seemingly very high value of these diets as compared with those in
force in conviet prisons in England ; all we have had to say in discussing the diet-
aries of Lower Bengal applies with even greater force with regard to the diets of
Behar. The difference between these two tvpes of dietaries is due to the substi-
tution of 10 ozs. of wheat ata or 12 ozs. of makkai ata (maize or Indian corn) for
10 ozs. of rice. While the reduction in the quantity of rice means a great lessening
in the absolute bulkiness of the diet, our investigations show that the decrease is
not sufficient to permit of the best use being made of its protein element. Fur-
ther, the excessive carbohydrate element is again very conspicuons—all the more
so in this diet because of the greater quantity of fat furnished by the wheat
and maize.

We may sum up our criticism of these dietaries by saying that, had we been
able to obtain evidence of a protein absorption at all close to the percentage
obtained with European dietaries, we should not have considered the amount
of protein offered in the Lower Bengal or Behari diet scales to be much in excess
of what might be considered necessary. In our opinion the great defects are
the very low percentage of the protein element that is absorbed, and the large
amount left over in the intestinal canal. These are defects common to all
vegetable diets, but in none to the same extent as i the dietaries of Bengal jails ;
in these they are increased to an enormous extent by the large amounts of bulky
food-materials consumed, and besides the mere bulk, the intestinal tract has

also to contend Swith pathological processes set up by the presence of excessive

carbohydrate material undergoing fermentation,
If, from the 100 grms. of protein ofiéred in these diets we hau an absorp-
tion of 85 per cent, then, even if the amount of nitrogen undergoing metabolism

might be considered greater than absolutely necessary, still the prisoners would he
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Placed ofi a high piane of nitrogenous metabolism which, as we have good reason
to believe, would tend to inerease their general physique and power of resisting
infection and, at the same time, leave merely the normal quantity- of residual
waste : but, instead of this, with a protein absorption of little over .gu per cent.
the prisoners are placed on a low level of nitrogenous metabolism, their physique,
nutrition and power of resisting infection are lessened and, at the safne time, their
liability to auto-infection and auto-ntoxication is increased by the presence of
a splendid culture medinm for micro-organismal growth within the body derived
from the 50 per cent. residue of the jaildiet. Another pointnot to be lost sight of is
the avoidable waste of food materials, with its consequent expense tothe State.

Our objection to these dictaries therefore is not that the diet offered is
excessive and thus entails a high level of nitrogencus metabolism, but that on
account of its peculiar composition and of the large quantities of the food materials
entering into that composition, the absorption from it is lower than it should
be. Along with Lewis, Macnamara and all others who have made a study of the
subjeet, we would decrease the quantities of the food-stuffs ; but, in contradis.
tinction to other observers, we would do so not because the diet gives too hi gh
a level of nitrogenous metabolism but in order to raise the level of nitrogenous
metabolism and afford the digestive juices an opportunity of carrying on their
work in a physiological manner, 5

We now pass to a review of the investigations carried out in Buxar and
Bhagalpur jails on the prisoners of Behar.

S CPTO NS,

2. The Amount of Nitrogen undergoing Metabolism on the Ordinary
Jail Diet of Behar,

We attempted to obtain the average amount of protein absorption from the
full Behari dietaries in Buxar jail and Bhagalpur jail. In Buxar jail Burma rice is
used, and here we experienced the same difficulty as encountered in the Presidency
Jail, Calcutta, where Burma rice was also in use : it was found absolutely impossible
to get the Iull ration of Burma rice consumed for a sufficient number of days to
obtain reliable results. Infact, in all the different observations made we never once
got the full 16 ozs. of Burma rice eaten. Oii the other hand, in Bhagalpur jail,
where country rice is in use we had no difficulty in having the full diet caten—this is
analogous to what we found true for Puri jail where also country rice was the
variety given. :

We shall. therefore, take up the observations on the two kinds of rice separately

in Table X. ~ »
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TABLE X.

ta) Investigations to determine the degree of nitrogenous metabolism on the
ordinary scale of dizt for Beharis,

Hl'l‘l'.}i' ll“ilt

"

(i) With Burma rice—

Burma rice 80 ozs. . : - A Four batches of five prisoners
Wheat ata 50 ozs. . : : - i batch of five in cach bateh observed over
Different dals 30 ozs. , y : men. five consecutive days.

Vegetables 30 ozs. . ; : sl In no case did the prisoners con-

sume the full amount of

Burma rice.

Baron 1. r':]'ifm_'.ml-"-' .]{f'["! N "'1' ] _"I. |:-I1I.;'I']‘:|:l ;]‘EI?'-I :-rtul :\'.{-.fl ?u_:;_::t.
PSS S Sh TG EFElRe, e, dals, wheat. tables,
: B 15 B8 Gros, L=, Cirms. Lirms, Grms, Grms.
| 11,280 38-20 1073 2163 30:05 A775 2-36
GO0 2l 1075 9533 05 2770 2-36
Five prisoners, Beharis . 4 11,500 1308 1013 10-538 33-81 2425 2-36
.] 0,500 42-02 107G 2288 | 3005 i 2:36
|L B\B00 3030 1074 | 1982 i 30-05 2775 | 2:38
Remarks.

Of the 80 ozs. of Burma rice in the diet during the five days on an average only 6425 ozs. were eaten,

Barch 11 C.C Grms. L. Grms, Grma. Grms. | Grms.
y | 6,650 37-18 1152 23406 a3 2775 | 2-36
6:700 406-67 115-4 2533 S0-05 2775 : 2-36
Five prisoners, Beharis .+ | 5830 44-86 115-3 2.0 33-81 775 : 2.4
E | 8500 | 3962 1152 | 2638 30-05 2175 | 235
Ll so10 4039 115:3 1948 3 -05 2755 | 93¢
: L |
Remarks.

(f the 80 oza, of Burma rice in the diet during the five days on an average only 67-28 ozs, wers eaten.
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a' 1
20 |
3 —&" = "["'
L : : - ¢ |
| meotm | g ma o gt ot | [
L urine. | of urine, | prisoners. riae. dal. wheat. | tables, .
& - ¥EAI S
' ® e o Grms. | Lbs. Grms. | Grms, ; Grms, | Grms. |
- 1 ! n
| 7320 406 | 11622335 3005 | 2175 | 236
7,300 3700 1156 24:46 B0-05 | 8775 | 20 .
Five prisoners, Beharis.4 | 8360 4520 164 2392 | 3381 ‘ o175 | 236
8,020 3738 1164 23-38 | 30005 27756 236 : J |
F | I
X L| w80 | 4516 162 2380 | 3005 | 2775 | 236 : !
ik L | 2 { | il
" 4
Remarks. *
- Of the 80 ozs. of Burma rice in the diet during the five days on an average only 080 ozs. were eaten.
=) sl
Lol
- _,." 1 coC _I Gim=. | Liu. Crms. Girms. Grms. Grms.
8- Baten IV, ; . |
¥ - . [- 660 | 42-52 | 122 1795 30035 . Q7-75 - 236
. 7780 4068 | 1218 2162 | 3005 I o775 | 236
. g | L nl
- Five prisoners, Beharis . 4 8210 4800 | 1222 2392 3351 2755 236
i . “ 5 | T’
¢ r o || e | dze2 | a2 | 1097 30-05 27-75 2:36
gl L L 7030 ! 4537 122 1822 3005 | 2775 | 236 &
' - ; = I
L
o 4 ® ’
= s a ;
. Remarks, % ’
Of the 80 ozs. of Burma rice offered in the diet on an average only e, eaten. n
élsla m i o gram &al arhar dal and massur dal.

-



L
e
40
: &
B&ﬁﬂh H"; o -
Total tn.ta.lm of nitrogen—
N. of rice - 118'37 grms,
N.ojdals . 15401 ,,
N. of wheatata . 13875 .,
N. of vegetables *. 1180 ,
Total N.intake 42293 ,
Batch ITI—
Total intake of nitrogen—
N. of rice . 11771 grms.
N.ofdals . . 15401
N. of wheatata . 13875
N. of vegetables ., 1180 ,,
. Total N. intake 42297 ,,
Batch IV—
9 Total intake of nitrogen—
N. ot rice . . 100-28 grms.
N.ofdals. . 15401
N. of wheatata . 13875 ,,
N of vegetables 1| R
Total N. of intake , 40484 ,

105 S
! \ a2
Total output of nitrogen—
N. of urine . 20892 grs.
S adsoind 1250 ,,
Total N. metabolism . 22142

= 885 grms, of N. per man daily,
= B2:35 per cent. of N. of diet,

Total output of nitrogen—
N. of urine . 20688 grms.
*5 grm, per day
constant 1250, ,,

Total N. metabolism =21938 ,,
= 877 grms. of N. per man daily,
= D1'95 per cent. of N, of diet.

Total output of nitrogen—
N. of urine . 21925 grms,
*D grm. per day
constant S
Total N. metabolism = 23175 ,,

= 926 grms. of N. per man daily,
= 5724 per cent. of N, of diet,

(2) The batches I, I and 111 have an i intake of nifrogen
deriyed from the same sources and, as will be seen from the figures giving the
amﬂunfa of anitrogenous mata.huham per man daily, the total nitrogen output

most identical also.

We may, therefore, accept the average of the amount
| usgmta.bohsm of these three ba.tchea as bamg tha ayerage amou.ut

. metabolism, 21&".’!} gtms

n 22142
o gss
_— Y
: =7 ¢
b GTH0 .,

=526 per cent of N. of diet,
ﬂ*ﬁﬁﬁ s:rm. Nopep an daily.
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Thﬁmiﬂm we niay conclude that the amount of nitrogenous mefabolism froin .
~ adiet composed of—
Burma %ﬂ- 1834 ozs. .
ey Wheat a 10000, ;
e TS Tl 600 for each prisoner per day
. Vegetables . G600 . a
v and equivalent to.an intake of 1675 grms. of nitrogen daily is, under ordinary :

circumstances, 52°36 per cent. of the nitrogen of the diet or

876 grms. of nitrogen
per man daily.

A

(3) Batch IV had to be excluded from this average, for the amount of Burma :
rice consumed by the batch was much below the average consumption
of rice by the other three batches and, as will be evident from these mvestiga-
tions, a decrease in the amount of rice from the ordinary jail quantity always
leads to a greater absolute and relative o bsorption of the nitrogen of the food.

In Batch IV—

N : Nitrogen of intake is 104 84 grms., of which 100°28 grms. is from yice. The
’a : -amount of nitrogenous metabolism = 231°75 grms.

e e . T

L ]

= 5724 per cent. of the nitrogen of the diet,
or 9°26 grms. of nitrogen per man daily.

By contrasting the nitrogenous metabolism (average) of batches I, IT and IT1
with bateh IV, it is evident that a reduction in the quantity of rice from 13°34 ozs.
to 11°40 ozs. per man daily is at once accompanied by an increase in the relatiye
A and actual amount of nitrogen absorbed, 7.¢., from 5236 per cent. to 57'24 per ~ .

_ .(‘i ~ cent., and from 8'76 grms. to 9°26 grms. of nitrogen per man daily. -

ge()n the whole the average nitrogenous metabolism in Buxar jail was on a low
level, due probably to many causes. At the time these observations were carried
: uttha health of Buxar jail was bad, owing to an epidemic of dysentery and much
¥ ea. Another factor was probably the poor condition of the dals used in
vations. The change for the better that took place in later experi- 3
mmlmg dstvras given in Plane of the other dals was very marked.

* hows
mﬁgaﬂqn on plclq.gﬂ ‘healthy men on hard labour- further s
; e to consume the fttll _quantity of Burma rice

e "‘- =

) 0zs. !;ifb’ﬂm ﬂajlgalang with the other constituents
P o

-
= a
i
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- = Tllﬁ average consumption of rice of these 20 men observed for sever consecu-
'§Yﬂ days works out as 12'86 ozs. instead of the 16 ozs. provided in their daily
et.

Even this was probably a higher consumption than normal,for we were anxious
at this stﬁg% to get the prisoncrs to eat all the food provided, in order to obtain the
. Average amont of protein absorbed from the full diet, so that the men were pressed
to eat more than they really felt they needed. Further evidence that 16 ozs. per
man daily of Burma rice is too great a quantity is afforded by the amounts found
to be consumed by different batches during the two months that the investigations

. were going on in Buxar jail. Thus—
y (@) A batch of 5 healthy Behari prisoners observed for seven consecutive

days was given a diet composed of—

- Burma rice % . 80 ozs. or 16 ozs, per man daily
-9 ¥ Whe’a"t ata - * 50 FERE T 10 EE) ET TR T 1]

La] Iii]mg dnl . - ED 1% L3] ﬁ 13 bR 31
Vegetables . z R T

on an ayerage only 62'73 ozs. or 12'54 ozs. per man daily were eaten.
(b) Another batch of 5 healthy Behari prisoners observed for seven con-

@ secutive days was given a diet composed of—
1 Burma rice . : 80 ozz. or 16 ozs. per man daily
¢ _.- Mﬂkkﬂi ata - . DO s Al T 1

P Mung dal - . 30 » n O tH
Vegetables . - Jpe - e

tE) " b3
. onanaverage only 60°74 ozs. or 12°15 ozs. per man daily were eaten.
L (¢) Another batch of 5 healthy Behari prisoners observed for seven

'-‘ consecutive days was given a diet composed of—
. Burma rice . [ 70 0zs. or 14 0zs, per man daily
; d Makkai ata ;. . 30 o 10 LT T T 1
Ty - : 4 Hlmg dal . . 30, %2 6 i TR 7 ”
3 1= - : o
A = s ’?&gﬁtﬂ-ﬂw B . 1 IO T ” .

ge only 56°35 ozs. or 9°47 ozs. per man daily were eaten.
t ie ordinary quantity of 12 ozs. of makkai ata per man daily
zs., yet the prisoners could not consume more than an
Burma rice each per day.
conclude that about 12 ozs. of Burma rice is the maximum
ner will consume when Le is on the full Behari diet,

- 5

I
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! X Bhagalpur Jail. 4 i E
= . P .I
¢ Beharis. : :
(ii) Country Fice.—Investigations to determine the average amount of nitrogenous |
metabolism by Behari prisoners on the ordinary scale of diet sanctioned for Eeharis, !
- Country rice . S e s i
Wheat ata . : i One batch of 10 prisoners observed : '
m dal =, . . 6o, for five consecutive days. }
Vegetables . : : 60 ,, &>
; The full amount of country rice—16 ozs. per man daily—was consumed. |
e~ ] | Weight | N.of | N.of | Mo .

_ Quantity  Total N. | gy o A | ; ‘ No. of |
3 Barcn A. of urine. | of iEring. :ﬂf“r::;. . t:j.:;_tn ! nil::t "a.rhar dal. | t:ﬁ:; |
i el L 1 — = Sy e i Hem T e | e

c. e I Grms, Lbs. Grms. = Grms. [ Grims. 1 Grms. % ~ ju
| | a :
15310 8216 1256 | 4905 | 5616 | 5961 | 452 ‘
s ¥, : 15710 0301 1255 | 4095 | 5616 a96r | 472
it Ten prisoners, Beharis | | |
o g 15,630 S$SL 1259 4005 | 5616 59-64 472
=rd 15980 9150 1257 | 4095 | 56-16 50-64 e72 | o l
' | | |
X : | 17110 | 0e13 1257 | 49-95 I 5626 | 5068 472 .
| |
Total intake of nitrogen— _ Output of nitrogen—
Pyt " N. of country rice . - 24975 grms, N.inurine . . . . 460-54 grms,
o . N.of wheatata . « 28080 ‘5 grm. N. constant - = 2500, &
LT ﬂ.. ﬂf ﬂhﬂrdﬂ i < EQB.H “ : " “ : ol i ~
N.of vegetables . . 2360 Total N. metabolism oo AR R °
BT ——— = 971 grm. N. per man daily,
‘Total N. ofintake . . 8235 = 5996 per cent. of N. of diet is absorbed.

-

therefore conclude that the amount of nitruéenous metabolism from a diet "

"
-

o TR
e e . = lg] ;.:. b iﬂrﬂﬂﬂh Iiﬁs-unar per dﬂ)ﬁ

.- -

-

£

- grms. nitrogen daily is 56'96 per cent. or 971
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diet was absorbed or only 876 grms. nitrogen per man daily. This would
appear to support the view that prisoners who are given a free choice as regards
the quantity of rice they may eat—
(1) are able to consume much larger quantities of country rice than of
Burma rice, and
(2) that the protein of country rice is more easily absorbed than that of
Burma rice, when given in quantities of from 12 to 16 ozs. per man
daily to those who are accustomed to it and not to Burma rice.

We think that there is no doubt that hoth these conclusions are probably
correct. Among Bengalis on their 26 ozs. of dry rice per day the only place
where the full diet was eaten was at Puri, and the rice in use was grown locally
—this contrasts very markedly with what was found in the Presidency Jail,
Calcutta, where we gave up all hope of obtaining a constant consumption, eyen
for one week, of the full diet, the rice in use there being Burma rice.

Besides the actual experimental evidence that the protein of country rice is
more easily made use of and assimilated by prisoners in Bengal jails, there would
appear to be an interesting explanation, in the light of Pawlow’s work on the diges-
tive glands, that such a result is only to be expected. The prisoners do not care
for Burma rice nearly so much as for the local product and freely state that it is
heating, filling and hard to digest, cavsing Leart-burn and a feeling of heaviness
in the stomach. It is a type of rice difierent from what they have been accustomed
to live on, and there is no doubt that mental processes have a decided influence
over absorption from a more or less strange form of diet.

This influence of the mind on the secretion of the digestive juices has been
admirably worked out by Pawlow, and it very probably explains to some extent the
relative absorbabili¢ies of the protein of Burma and country rice.

For the sake of clearness we might contrast the results obtained in Buxar
with Burma rice and in Bhagalpur with country rice, and see what other factors
should be taken into account.

In Buxar jail, we had—
* 15 Behari prisoners, observed for one week, on a diet for each man composed
of—
Burma rice ' . 1334 oz, = in N, 4'60 grns.
: Wheat ata 5 st JUD0E Sl 555
* Different dals . S R = 616 ,,
Vegetables A ot BN S ‘48

Total N. 1679 |,
Nitrogenous metabolism 8'76 grms. of N, per man daily.




*  Nitrogenous metabolism 971 grins, N, per man daily.,
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In Bhagalpur jail we had— ' g :
i - 10 Behari prisoners, obseryed for one week, on a diet for each man composed
Bf—'- i o
tbu'nﬁry rice . ., 16000z, = inN. 409 grms.
Wheat ata - E o EU ¢ T
Arhar dal B ! A [ = 596 7,
Vegetables R D s e '
Total N. 17:04 ,, |
-

= The total difference in intake of nitrogen per day is 029 grm, in fayour of the
Bhagalpur prisoners, but the difierence in the amount of nitrogenous metabolism |
18 10 less than 0°95 grm. per day, an amount greater than could be accounted for by :
the difference of intake. Thisis very evident if instead of taking 1 man for'l day
we look at the figures of 5 men for 5 days—
> Difference in N. of intake = 767 grms, in favour of Bhagalpur. 3
- i metaboliem =2364 , , . .

Therefore, with a difference in the nitrogen intake of 767 grms. we get a differ-
ence in the amount of nitrogenous metatolism of 2364 grms.  This can only be ex-
plained by a difference in the relative absorbability of the protein in the two typesof »
diet, and—eliminating the protein of wheat ata and vegetahles as they were practi-

o cally identical—the cause must lie in the protein of Burma rice and mixed dal as !
¥ *- compared with that of country rice and arhar dal. =
} It will be evident from a comparison of all the results obtained at these two
3} jails, that the protein metabolism of prisoners in Buxar jail was always ona lower
B level than in Bhagalpur. The percentages of protein absorbed from the different n
i) diets in Buxar jail were also lower than those obtained in Bhagalpur. o
Sl The reason of this lower relative and absolute protein absorption by the
prisoners of Buxar jail is difficult to explain. In all probability several factors
‘combined to give the low results— . .
ST (a) The dals in use (as already pointed out) were of inferior quality, whereas
2t B Bhagalpur jail arhar dal alone was given and this is the form of
dal most in fayour with the Behari; so that here again mental
processes may haye been i action. - i
rice, as we have seen, was not at allr liked by the prisoners, and
long enough on this class of rice to have got
nthe Presidency Jail. Calcutta, Burma rice has
three years, so that the long term prisoners had .

(o h P .
e L
e, AL
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-’ i 1



-

111

(¢) A'third and more indefinite factor was the unhealthy condition of
Buxar jail at the time when we began our observations. The general
health and tone of the jail improyved very much later and, as will be
seen in the subsequent results, & much better proteine absorption was
obtained from diets very similar in composition, the only difference

-being the substitution in them of mung dal for the difierent dals in
use in the first series of observations.

(b) The amount of nitrogen undergoing metabolism by prisoners derived from
the hill tribes of Darjeeling on diets of the Behari type,

As we shall have to deal with hill men separately there is nothing to be gained
by taking up this part of the subject now. Suffice it to say that on the whole
they absorbed slightly more than Beharis from the same diet.

The diet given in the Darjeeling jail is not by any means composed of the kinds
of food materials that hill men are accustomed to. It is of a very inferior type and
this jail served as the only example—with perhaps the exception in the case
of certain tribes, of Ranchi jail—of a dict being penal, i.e., of the prisoners losing
from a dietetic standpoint by entering jail.

SECTION 3.

3. The effect on nitrogenous metabolism of varying the quantities of
the components of the ordinary jails dietaries of Behar jails,

The work in connection with this section is very extensive, and was carried
out very thoroughly in both Buxar and Bhagalpur Central jails. As the conditions
in these two jails were somewhat different we shall have to take up the Investi-
gation separately for each jail.

In Buxar jail Burma rice was given whereas country rice was used in Bha-
galpur jail. We shall deal first with Buxar jail and its Burma rice, and afterwards
with Bhagalpur jail and country rice. Further, in Buxar jail we kept to mung
dal throughout the whole investigation and in Bhagalpur jail used arhar dal only.

The method of enquiry was to arrange a series of diets in which one con-
stituent varied while all others remained constant—the conditions being kept,
as far as possible, the same throughout. By this means we were able to oh’fa.in a
series of results. demonstrating the effects of varying quantities of each particular
component whilst all the others were constant ; and thus to disc:?wr the parti-
cular quantity of each component from which a maximum absorption t::mk place
when it was combined with non-varying ‘quantities of the other constituents of

the dietaries. & o

R R
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(a) Buxar Jail, 2

. @ Inva_atiggiunu to obtain the different degrees of nitrogenous metabolism
on I:'lmtn t_mn!posad _uf_-Burmn rice, wheat ata, muug dal and vegetables—all constituents
of the diets, €xcept rice, remaining constant,

-

-]

TABLE XI.

-
Kl
- — e

" SCHEME oF Dirrs.
s * CoXsTaNTS, I Burma rice 70 ozs, Diet 1. s
e Wheat ata 2 . 50 ozs. - s 63 Diet II. =

L Hung ﬂal . " 3& o +

R 60, Diet IIL.
Vegetables . . 30 Ry 50 Diet IV,

1 T 40 ” Diet V. i

3
e |
2 [t
Diet 1.

Five Behari g}ris.tmers observed for five consecutive days on each diet.

§ N. of N. of N. of
Ll g i | Weight. =i | mulfigojal. e v ;
'-_"r . 0, Grms. Lbs. Grms. } Grms, Gmﬂ Grms. ”:
s | 12,300 | 5000 10s | 2380 | ses0 | 2776 | 236 .
E: * 8,200 | 4108 107-9 2380 | 3450 2775 2:36 ¥ il
Five prisoners, Beharis4 | 0,610 | 4818 | lo7s | 2380 | 3050 | 9775 2-36 :
| | 10000 | 4006 | 1078 | 2380 | 3450 | 2775 2:36 "o

8,000 42-44 107-0 23-80 34-50 2775 2:36 s

‘This was the nnl: cecasien in which even 70 ozs. of Burma rice were cafen.
: = [ .

L]
-

Diet 11.

106-8
1063




Diet 1.

2 113
= AEE S
=o'l Diet II1.
e _
T o S : N . N. N. of
Ber SR B | | B2 || |
[» ] — o — e i, L
; ‘ a cC Lirms. | Lbs, | Grmg. ' Cirms, Grims. Grms,
4 el 0,070 1901 1204 | 204400 430 2775 236
: 8,600 4048 | 1204 | opao | a0 T 2775 236
I‘tmpmmnuhmq, 10,150 f 1874 12004 I 2040 3450 | 2775 236
1,120 | 4421 1206 2040 | 3059 | 2775 230
: R R U YT 296
. | .
s

Diet LV,
: e BatowZ | o730 | a3 1251 17000 3130 2775 2:36
4 ' 0060 | 4514 1254 17-00 3450 2775 236
Five prisoners, Bebaris ) [ 0,730 | 43ss 1254 00| 3450 2775 236
x N " 10,300 | 4523 . 1855 | 17-00 3450 2775 236
tf'? 8,800 4287 1254 | 1700 3439 2775 2:36

g ; _

Diet V.
8710 | 4430 | 1206 1360 | 3450 2775 2:36
8,000 | 4292 | 1207 13:60 34:50 2775 2:36
8400 | 4386 1206 | 13460 | 3459 2775 2.36
8,460 10642 120-6 1360 | 3450 | ers 2:36
’ | 9210 44041 1250 1360 | 40 2775 236

W] rn from the series regarding the amount of nitrogen under-




Intake—
N. of Burma rice
N. of mung dal_
N. of wheat Ata
N. of vegetables

"Total N. of intake .

Intake—
N. of Burma rice

N. of mung dal
N. of wheat ata
N. of vegetables

Total N. of intale .

. Intake—

N. of Burma rice
N. of mung dal

N. of wheat ata
N. of vegetables

"Total N. of intake .

Intake—
N. of Burma rice
N. of mung dal
N. of wheat ata
N. of vegetables

‘Total N. of intake .

114
Diet 11.
Output—
106:53 grms, N. of urine .
17295 , *D grm. N. constant .
13876 ,,
180" -, Total N. metabolism
430003,
Diet III.
Output—
102:00 grms, N. of urine
17285 ‘D grm. N. constant
13873
11-80 ,, Total N. metabolism
42550 ,
Diet IV.
Output—
85'00 grms. N. of urine
19295 ., -5 grm. N. constant
13876 ,,
11-80 ,, Total N. metabolism
40850 ,,
Diet V.,
Output—
6800 grms, N. of urine
172295 ,, -5 grm. N. constant
13876 ,,
1180 ,, Total N, metabolism
391-50

33

93313 grms.
1250,
25%3

= 5712 per cent. of N. of diet,
= 082 grms. N. per day per man.

23865 grms.
1250 ,,
H115 .

= 5902 per cent. of N. of diet,

= 10'05 grms. N. per day per man.

222'75 grms.
12560 ,,

. 235%

= 57'D8 per ce:;u. of N. of diet,
= 941 grms. N. per day per man,

— 5967 per cent. of N. of diet,

-

221°23 grms.
1250,

235373,

= 935 grms. of N. per day per man.

From the results obtained we get the following :—

(‘onstants of dicts,

Wheat ata 10 ozs.

2

Mung dal

Vegetables 6

PER mMaw,

Varying amounts Dict of

of

rice, gcheme,

Burma rice 14 ozs. Diet1

¥

r

. 126 , DietIl
12, DietIN
T
8§ , DietV

Lh

Desree of N.
metaholism
per man daily.
957 grms.
82 |,
0 . =
941 ,,

9.35 ”

The interpretation of these results is easy ; their meaning is that with a diet
of the Behari type, consisting of 10 ozs. wheat ata, 6 0zs. mung dal and 6 ozs. vege-
tables, by gradually increasing the amount of 13]1@ varying constituent—rice—
from 8 ozs. upwards, we arrive at a certain quantity from which the protein ab-

.sorption from the diet containing it is at a maximum. This amount is the
optimunf for that particular Gﬂmbijﬂ;_%ii}n of the quantities of the several food
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materials entering into the diet, and with the constants made use of iri this series
we find that the optimum amount of Burma rice is 12 ozs. per man daily. We
Saw in section (2) that 12 ozs. daily was about the maximum amount of Burma
rice that a prisoner was able fo consume; so that, when given a frece choice,
the prisoner eats that quantity of Burma rice from which he is able to derive
the maximum advantage.

By plotting out these figures we obtain a graphic record of the varying de-
grees of nitrogenous metabolism on diets containing different quantities “of
Burma rice when the other components are constant. This is shown on
Chart TIT.

(ii) Investigations to determine the different degrees of nitrogenous metabolism

on diets composed of Burma rice, wheat ata, mung dal and vegetables. All constituents,
except the wheat ata of the diets, remaining constant.

TABLE XII.
ScHEME 0oF DIETS.

CoNSTANTS.
A on 60 oze Wheat ata 60 ozs. Diet L.
i - A etaie0 o Dietdl
MR E o ullica ook 10 Diet 1T
Vegetables ) w2y i
= i S Diet IV.
Dier L.
Five Behari prisoners observed for five consecutive days.
|
! ' : N. of N.of N. of N. of
| Quantity | TotalN., .. .
: i z Weight. Burma wheat mun, -
PARER it tvioe. of urine. s : ::T:Ll [ ata. | dﬁ.].g i t:iﬁzs.
I
S i — £ i e e T R, e
PO o | (irms. Lba. ‘ Grms, Grms. Grms. Girus,
(| 7,600 | 4648 1198 | 2040 3330 3450 | 2:36
| 9,230 FTRT 1197 | 2040 | 3330 34-50 2-36
{ _ . |
Five prisoners, Beharisd | 10,23¢ | 40-05 119-58 2040 | 3330 | 3459 2-36
| [
| 10800 | 1645 | 1198 | 2040 | 3330 i 3459 236
| . |
8000 | 4323 | 1198 | 2040 | 3330 | 3459 2:36
|
! | | Different men—sane Diet I,
Baroa X. ' |
A 10,050 | 4328 | 1086 i 2040 | 3330 34-50 236
ol 10220 | 4635 | 1084 | 2040 | 3330 | 3450 2.6
{ | [
Five prisoners, Beharisd |~ 9.800 | 4333 1056 | 20:40 | 3330 | 3459 || 2:36
: J | |
9,020 ! 4569 | 1084 | 2040 | 3330 ! 3459 | 236
U 8540 | 4544 | 1086 | 20-40 ‘ 33-30 i 3450 | 238
| i & | o |
x) Q2
. s 4
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y Diet 11.
! e S e N.of N, of N.of N. of
Batcm R, «~ | Quantity Total N, Weight. | Burma wheat g vepe-
of urine, { 0f urine. = ;
| rice, ala, elal, tables,
] v g oge
| LB o Cikmz, Lbs, Cirms. Grms. H:':;w. (irms,
A 8,070 ol | §2004 20040} 27-75 50 | 20
| |
i |
' [ 8000 4048 .I 4 el 34-59 24306
Five prisoners, Beharis 4 ' L, 150 45-74 L L 2775 | 3450 236
[ 11,120 1421 20-40 2795 | 3150 | 298
»| 8,400 47:21 12004 2040 2775 ‘ 3450 | 246
Diet 111.
|
Baton Y.
r 0301 4586 125-5 20-40 2220 i 34-59 230
J 7,350 | 438 | 1253 20-40 2220 | 3450 2.36
Five prisoners, Beharis. 4 8610 | 5302 : 125-2 2040 2220 ! 34-59 2-36
| [ [
J 0,670 4872 i 1254 | 20-40 2290 34-50 . | 2-36
U 8210 4264 1255 | 2040 | 2220 3459 | 236
| | ,
Diet IV.
f ! |
Barcm Z, 8,500 1269 | 1198 2040 16-0a 34-59 2-36
| |
7,800 | 4357 ; 20-40 1665 | 3450 9236
Five 1:ri::.unam, Beharis. B3040 | 43-50 120 2040 16-65 ‘ 34-59 236
| 8000 | 43-08 . 20-40" 1665 | 3e59 2-36
| |
U o560 4567 119-8 20-40 16+65 I' 34:50 2:36
| "
: Different men—same diet= Diei [V,
Sarcm X, | |
r 11,160 4382 | 1075 2040 1665 34-50 294
10:200 : 44-41 e 20-40 16-065 w450 &£-36
I { |
Five prisopers, Beharis. - 11,500 | 4507 5 2040 16:65 | 3450 2-30
10,300 | 4207 1076 2040 | 1665 3450 236
L| 10,440 | 42.82 107-5 2040 16-65 34-50 2-36
M i -
&
" o
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: 3 What do we learn from this series of inyestigations regarding the difierent . ;‘I.
degrees of nitrogenous metabolism ? ;
’-1_'.'...-. . - : Blﬁt I.
- “Total intake of N. for the ten Total gutput of N.in urine
55 A ‘days of the two batches R and for the ten davs of the two
e X ; . : « .+ 90650 grms.  batches Rand X . . f460°59 grms.
2500,

Total N. metabolism . 480°H9 grms,
=0366 per cent. of N, of diet,
=971 grms. N, per m an daily.

Diet L1.

Total intake of N, . - . 42550 grms.  Total output (see Table XI, Diet I1T).
Total N. metabolism . 251'15 grms.
= =5902 per cent. of N, of diet,
=1005 grms. N. per man daily.

Diet III.

* Totalintakeof N. . . . 30775grms. Total output—
¢ ' N. of urine : . 23963 grms.
*5 grm. N. constant . 1250 ,,

Total N. of metabolism . 25213 grms.

e = 6338 per cent. of N. of diet,
= 10-08 grms. N. per man daily.
= | Diet TV,
L = ¥ P e Q
Bia: K Total intake of N. for the ten Total output of N. in urins
St days of the two batches R for the ten days of the {43859 grms.
cand X . B %% . . T40°00 grms. two batches R and 2500 ,,

. - Total N. metabolism §| . 463-59 grms.
=062'64 per cent. of N, of diet,
=27 grms. N. per man daily.

igations we get the following results :—

PER MAN.
: ; - Amouni. of N,
' ‘amounts of Dt of h o
o vaten cheme.  per man daiy.
(Wheatata 12 ozs. Diet L. 971 grms.
w10 Diet IL. 1005 ,,

i Fh DietDIL 1008 ,
v -'l:ai.# L I -‘m:ﬁ'-‘-a < iﬂ’ﬂ'f o

-
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_ The maximum protein absorption would therefore appear to ocour with a
diet containing something between 10 and 8 ozs. of wheat ata per man daily—the
other constituents remaining constant as in scheme. We may accept it that the
optimum amount of wheat atais 9 ozs. as from the very nearly identical results
obtained with 10 ozs. and 8 ozs. respectively the intermediate figure would be the
optimum. This corresponds fairly well with what was found in a 8imilar set of
experiments on prisoners in Bhagalpur jail, when country rice and arhar dal were
given instead of Burma rice and mung dal—the optimum amount there being
about 10 ozs. of wheat ata per man daily, .

By plotting out these figures we obtain a curye representing the degrees of
protein metabolism for different amounts of wheat ata in the diets when the
other constituents remain constant—see Chart TV.

By plotting on the same chart the curves obtained for the protein absorption
of prisoners in the Bhagalpur jail and in Buxar jail we again find that the Buxar

curve is on a lower level than that of Bhagalpur, see Charts IX and XTII. As -

already mentioned this may be due to the higher degree of absorbability of the
protein of country rice or the protein of arhar dal or both; whatever may have
been the cause it was yery evident, while work was going onin these two Behar

jails, that the health of the prisoners in Bhagalpur jail was much better than in

Buxar jail. .

We met with no difficulty at all in Bhagalpur, and no repetition of any of
the diets was found necessary : but, in Buxar several repetitions were required on
account of some one of the batch that was the subject of experiment going sick,
getting fever, diarrheea and even dysentery ; and, what was even more annoying,

undergoing large variations in weight. On account of these and other factors -

we had to reject many sets of observations in Buxar, due almost entirely to
the defective health conditions of the jail; while in Bhagalpur, where the
prisoners were a very healthy lot, we had no trouble and did not have to reject a

single observation.
(@) Buxar Jail )
TABLE XIII.

(iii) Investigations to make certain that the degree of nitrogenons metabolism
from a diet containing 60 ozs. of wheat ata, 60 ozs. of Burma rice, 30 ozs. of dal and
30 ozs. of vegetables, shown in Table X1I, Diet 1, was correct and that changing the

kind of dal did not make much difference.

Batches of five Behari prisoners were put on the above diets—the dals made

use of being mattar, gram and arhar dals furnishing almost identical quantities
L] - »

of nitrogen.

-~

el ¥

e
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Bt 2 e 8 : 3
e «Five Behari prisoners observed for five consecutive days. | i :
> - L - = - -
A N. of N. of N. of N. of '
Barcn. Quantity | TotalN.| (ot | Burma | mattar | wheat
R | | T | B | s | el | s
¥ = ——t o .
. 4 C.C. Grmes, Lbs. Grins, Grums. Grms. Grms.
' r.‘ ' 6,710 46-21 1158 2040 30-72 3380 2:30
' G830 42:73 1158 2040 J0-72 3330 230
Five prisoners, Beharisd | 6,300 4471 116+0 20-40 3072 33:30 230
e 5850 47-82 1150 20-40 30-72 33:30 2.3
| s.s70 5028 1158 2040 | 3072 3330 2.36
, . of
# k | Gren: dal.
Barou P. !
5 (8240 | 45793 | 1163 | 2040 | 3005 | 3330 | 230
Ll 8,500 4444 1164 20-40 30-05 33:30 236
Five prisoners, Beharisd | 10,040 45:54 1162 20-40 30-05 33:30 2:36
|
7,300 4887 1162 20-40 | 30-05 3330 2.36
Ll 880 | 4624 116:3 2040 | 30:05 5330 2:36
o
& ‘ N.of
Arhar
Barom 0. |
: cl  7.500 46:84 1156 20-40 1 3005 | 33-30 2:36
i 6,250 42:30 1156 1892 | 3005 " 33:30 2:36
Five prisoners, Behavis{ | 6,060 42:09 | 1158 10-13 i 20:05 | 3330 2:36
- o ” 7,950 4583 1156 18:79 r 30-05 [ 33:30 2:36
e : !
o ; U~ 7.650 51-11 1156 1860 i 3005 | 3330 236
. ' f

By wu-rlung these ﬁgures out we get :—

e U G0 grms. ; i . 24425 grmns, '
=562 per cent. of N. of diet, |
= 977 grms. of N. per man daily. !

Total N. metabolism . 243'32 grms. !
=50"51 per cent. of N. of diet,
= 973 grms. N. per day per usur,

124'25 grms,  Total N. metabolism . 240°67 grms.
ki S G
' = 962 grms, %mﬂwwm
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+  We therefore have very closely similar results for the amount ofaitrogenous

) metabolism in the four diets given, wiz. ~—

Burma rice 12 ozs. Mung dal 665 grms. N, =971 grms. N, per day.
W].'I.E-Eﬁ ata = 12 ] 4= Mattar 5 2 » =977 38 N. TR
il ?ﬂsﬂtﬂblﬂ'ﬂ ] 2 Gram w6701 1 ] =007 F N. »® .
Arhar s 6701 1) w =062 # N-,,n ET

The last diet which contained arhar dal gives a slightly lower figure but the
* whole of the rice was not eaten which may account for the different result.

These results show conclusively that with 12 ozs. of wheat ata, the amount of
nitrogen absorbed is about 97 grms. per man daily, which quantity we have
shown to be lower than that absorbed when only 10 ozs. of wheat ata are given 1
daily, the other constituents of the dictaries being similar,

:.ﬁ Fun Further, they make it probable that an increase in the amount of protein offer-
=5 ed in the form of dal is not accompanied by & corresponding increase in the amount
of protein undergoing metabolism, i.e., when the amount of protein in the diet is i
already high. L,
Thus from the investigations in this series we have :—
Absorbed per man daily.

Batch R and X, Diet T, Total N. of intake =906'50 grms,

. N. of Mung dal =345:00 } 971 grms. N.
Batch O, Diet T, Total X. of intake =43390 ,, } it "
~ N. of mattar dal =163:60 e
A Bateh P, Diet 1, Total N. of intake =430:55 ,, } s i
= : N. of gram dal — AR IVATE e
. Batch O, Diet I, Total N. of intake = 42495 } 2
N. of arhar dal =150'25 , e 2
this means that we get a practically uniform level of nitrogenous meta- "
bolism with diets that vary in the amount of their nitrogen intake per man per 0 .
day from— |
1813 grms. to 17'36 grms. to 1722 grms. to 16:97 grms. . ! 1 |

 This bears out what we have already deduced from the resulfs obtained in
- all the different investigations, viz,, that, in diets of the type givenin Bengal or
~ Behar jails, it is useless to increase the amount of protein of the diet by an
increase in the quantity of the cereals of which the diet is composed. Instead |
ease beyond the optimum quantity producing a higher level of protein - Al
has an exactly opposite effect. :

Summary of the results of these investigations. g
(T) we give the average value of the Bekari jail dict in proximate .
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In section (IT) the average level of nitrogen metabolism for prisoners on the
full Behari diet in Bhagalpur jail and on less than the full diet in Buxar jail will
be found.

Under this section we pointed out that it was impossible to gef the full ration
of Burma rvice consumed ; and that, when left to themselyes, prisoners will cat
about 12 ozs, of Burma rice per day in combination with 10 ozs. of wheat ata,
6 ozs. of dal and 6 ozs. of vegetables.

In section (IIT) we showed that this combination was an optimum, t.e.. that
from which a maximum protein absorption takes place.

Having found that 12 ozs. per day was the optimum amount of Burma rice,
we made use of this as a constant, and worked out the éffects of varying the amount
of wheat ata in the diets. From the results obtained it would appear that a quan-
tity of (about) 9 ozs. of wheat ata is the optimum amount, when given in combina-
tion with 12 ozs. of Burma rice, 6 ozs. of dal and 6 ozs. of vegetables.

We also showed that very similar results as regards nitrogenous meta-
bolism were obtained when mung, arhar, mottar or gram dals were given in equal
quantities, and that the greater percentage of nitrogen present in mung dal did not
increase the amount of protein absorption. :

We now pass to the observations made on similar lines when makkai ata was
substituted for wheat ata in the Behari diets. Makkai ata is given in the cold
weather only ; as it does not keep well, it 1s impossible to use it the whole year
round. Reference to Table IX will show that the value of this diet in proximate
prineciples, while practically the same as that of the wheat diet in protein, is
superior in both carbohydrate and fat. It presents, therefore, all the defects of
an entirely vegetable diet, with the further disadvantage that the makkai ata can
not be baked into bread, and for this reason has to be given in thick hard masses
of little or no cohesion. The absorption of protein {rom diets containing makkai
is on the whole on alower level than when wheat ata is made use of, but the
percentage absorption does not differ very markedly.

(iv) Investigation to defermine the different degrees of nitrogenous metabolism
on diets composed of Burma rice, makkai ata, mung dal and vegetables—all consti-
tuents of the diuts, except the Burma rice, remaining constant in quantity.

TABLE XIV.
SCHEME OoF DrIETS.

Constants, * ( Burma rice . . T0 ozs. = Diet 1.
Makkai ata ¥ . B0 ozs. ] i i - : . 60 ,, = DietTIL
Mongdal. . .30, L4+ d 0 L, . .b6 , = DietIlL
Vegetables 5 #4305 ) . 3 - . 50 ., = DietIV.
L 73 B . 40 3 = Diﬂt V.

B



Diet 1.

Five Belari prisoners observed over five consecutive days. -~

Quantity | Total N, f

XN. of
of urine. | of urine, Weight, B;;::.m
(1972 Grms, Lbs. CGirms.
~ 9,510 10-87 117:3 2380
10,340 3022 1174 23-80
Five prisoncrs, Beharis 9,340 2603 1174 23-80
0,150 | 3202 1173 23-80
7,510 36:53 117-3 2380

2-36
2:36
2-30
236

Diet TI.

ﬁ 9,740

12,300
9,280
9,810
9,380

3852

1174

20-40

2-36
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=
Diet 1V,
| Q ! ' N. of SR L e e
£ | Quantit Total N, ol N, O Noob | + 0 N.o
Baren P. uf.;rhm‘::r of urine, Weight, Burma mallai |  mung vigo-
: rico. ata. | dal. | tables,
| . 3 ' | |
| CC Grms, | Llss. Grms. Grms, | Grms. Glrmas.
hed
10.420 | 39-31 1174 1700 2205 3450 256
8,150 l 3780 4 1700 2205 359 2306
: . AR r
Five prisoners, Beharis{ | 0,240 3124 | 1174 17-00 205 =00 L]
i 10,310 3752 o 17:00 22,05 | 3450 236
| 8660 | 3502 1174 17:00 22.05 34-50 2-30
Diet V.
Barcu Q.
8,540 3825 | 1244 13-G0 2200 3450 230
X850 3418 1246 13-60 2205 3459 2:36
Ilive prigoners, Delaris 4 2,130 a06-03 1244 1560 2305 3450 | 2438
10,370 Jo-Gd 124-4 13-G0 X5 2.1.51) TG
L 2,720 3004 1244 15-G0 22-D5 S50 235
What do we learn regarding the protein metabolism with these different
diets ?
Diet 1.
Total intake of N. . =41400grms. Total output—
N.of urine . - : . 16647 grms.
*D grm. N. constant . R 1, ) R
- T - ———
Total N, metabolism . : i OB .
) =800 per cent. of N. of diet,
= 796 grms. per man daily.
Diet 11.
"T'otal intake of N. . =39T'00 grms. Total output—
N.ofurine . : : . 19969 grma.
*b grms. N. constant perday . 1250 ,
’ Total X, metabelism . : Sk L 1 EE
=53'4D per cent. of N. of diet,
= 848 grms. per maa daily.
72
Ll
-




=52'D8 per cent, of N. of diet,
= 826 grms. N. per man daily.

!'.
| Diet 1V,
Total N. of intake . . =380'00 grms. Total output— .
N. of urine . . . 18698 grms.
b grm. N, daily mmta.nt . 1250
Total N. metabolism . - . 19948
=52+46 per cont. of N, of diet,
= T-97 grms. N. per man daily.
) Diet V.
A 3 ‘Total N. of intake . - =36300grms. Total output—
s N.ofurine . 5 . 18027 grms.
[ ; t *5 N. grm. per day mnstant- « A3B0
'I.l' Total N. metabolism . . . 19277 .,
=2 : =53'10 per cent. of N. of diet,
o = 771 grms. N. per man daily.
f: From these investigations.we get the following results per man :—
E” 2 Cobitants. Varying amounts of Diet of Amount of nitro-
Burma rice. scheme. genous metabolism,
] ( Burma rice 14 ozs. Diet 1 T'96 gros.
‘Makkai ata . 10 ozs. , ot e £ 1 T Diet IT 848 |,
Mung dal . 6, -+ 1 01 Diet 11T 826
Vegetables . 6 , L PR Diet IV = THE
G L o R Diet V s il

‘Thus we have again found thatan average of 12 ozs. per man of Burma rice is the
amount from which the maximum absorption is obtained. This is the more
remarkable in this series of experiments, for it will be observed that only 10 ozs.
oimakkal ata werogiven per man daily instead of 12 ozs. as laid down in the jail
iy ’Iha reason for the diminution was that it seemed hopeless to expect the
T ers to consume the full amount of makkai ata of the jail di¢t; when tried
-'miﬁh ozs. per man daily, even when the quantity of rice was much reduced
; eat the whole amount for seven days consecutively.
e, thaughtadmhletodmmshthemakkuatatulﬁozs per

d be kept constant in amount while the Burma rice was
°

124 c
" | 5
_ Diet III. i
" Total N. of intake, =390-95 grms.  Total output—
N.of urine . .« 19419 grms.
- b grm. daily mmata.nt . Sl b
Total N. metabolism . . . 206:69

]

-

-
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This aguin cbntrasts very markedly with the results obtained at Bhagalpur
where country rice was in use. There wg had very little difficulty in getting the
whole 16 ozs. of rice eaten, but we did experience a certain amount of trouble with
the prisoners on makkai ata and rice, as the full diet of these subatances is very
bulky and was consumed with difficulty.

As will be seen from the run of the figures of the nitrogenous metabolism ob-
tained at Bhagalpur and Buxar, we again get a lower level of protein metabolism

in Buxar, similar to that brought out by the curves of protein metabolism when *

the wheat ata diets gvere in use. The curves of the protein metabolism with
wheat ata, dals and vegetables constant and the rice—country rice in Bhagalpur,
Burma rice in Buxar—varying, show on an average 0'4 grm. nitrogen in fayour
of the Bhagalpur prisoners—see Chart 1X ; but the curves obtained now in the
case of the malklkai diets are not so regular and show a greater difference in favour
of the Bhagalpur prisoners—over 1 grni. nitrogen per man daily ; this can only
be explained by the fact that the Bhagalpur prisoners were consuming the full
12 ozs. of makkai ata while the Buxar prisoners were on 10 ogs. per day. See
Chart Xla.

Although there are variations and irregularities in these curves when con-
trasted with those obtained from prisoners on the wheat diets, yet they show

o distinetly that the maximum protein absorption is obtained from a diet in which

the amouint of rice, whether Burma or country, is clese to 12 ozs. per man per
day. Further, the investigations show that there is nothing to be gained, so far
as the nitrogenous metabolism of the prisoners is concerned, by increasing the
amount of rice in their diet beyond 12 ozs., for the only effect that a greater
quantity of rice can possibly have is so completely to distend the muscular wa Il
of the stomach that its motility 1s lessened ; and, at the same time, the mere mass
of materials increises the difficulty with which the digestive juices meet in
penetrating the food-stuffs and in bringing about the changes necessary for

absorption to take place.  *
The results of this investigation we plot out in Chart. V.

(v) Investigations on the degrees of nitrogenous metabolism on diets composed of
Burma rice, makkai ata, mung dal and vegetables —all constituents of the diets, except
the makkai ata, remaining constant in quantity.

TABLE XV.

SCcHEMEOF DIETS.

COSSTANTS.
Burma rice. . GO ozs. Makkai ata S0 ozs, Dietl,
Mung dal . Elt N } + { - & 48 ,; Ihet1l

1] T - 410) 0w ! Diﬂt III.

‘?ﬂgﬂtﬂhlﬂs a, 30 1]

L »




Diet 1.

Five Belari prisoncrs observed for fice consecutive days.

| CC: | Grms. Lhs. (irms. Cygrms. Grm
|

1,740 oG8 1172 2040 H-00 22

| 12,300 = | L3 117-4

N.of | N.of N ~of N. of

" Quantity | Total N
Batow B, Quantity otal N, Feriir L = eknk ot
of urine, | of urine, | 'Y Cight. Burma wung makkai vege
| rice, dnl. ata. taliles.

13 2-36
I0-40 a4-59 22405

|
|
Five prisonors, Beharis 0,280 | 3852 117-4 | 2040 3450 22.05 | 230

N0 | 4230 1172 | 2040 34-50 23-00 2:36
Ll 0,580 30-16 1152 ! 240} 350 315 236
I

8. Grms,

2:30

Diet I1.

—_— e
Batcn 0.
7600 | 37-89 1156 20-40 3460 | 211
8,500 | 4082 1158 20-40 3459 | 211

G400 | 38-43 i 20-40 34-50 | 211

This bateh was offered 60 ozg. of maklai ata per days but on an averace only 4% ozs,

Diet 111.

Five prisoners, Behmia] GO0 | 4136 - 20140 4459 21:17 2-36
L 72080 3858 L15:1) 20-40 34-58 Z21-17 2:36

LA
7 2:36
7 236

wird eaten.

Baton =.

Five prisoners, Beharis4 | 1,820 11-45

19440 | 4351 1172 - 40 3458 | 176

r M B 35735 1172 20-40 B ELI] 17-64 2:36
=620 34-78 1172 2410 34-50 1764
2040 34-59 70

9,400 3579 s 20-40 3459 | 1764 236

236

e
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What do6 we learn from these investigations ?
Diet 1.
Total intake cf N. . . =39700 grms.  Total output—
N.of urine . : . . 199°69 grms,
3 '3 grm. N, constant - MR 31 ¢ i
Total X, wetabolism . T L
=038 per cent. of N. of diet,
=848 grms. N. per man daily.
: Diet II.
Total intake of N. . . =392°60 grms.  Total output—
N. ofurine . - ; » 19708 grms,
*5 grm. N. constant. ; o o AFH0T
Total N. metabolism. - o S00°BE
=53'03 per cent. of N. of diet,
=538 grms. N. per man daily.
Diet TIK:
Total intake of N. . . =374'95 grms.  Total output—
N.of urine X . ’ - 19148 Sros.
‘D grm. N. constant - . 1250
i Tetal N. metabolism . - . 20398
. =440 per cent. of N. of diet,
=515 grms. of N. per man daily.
From these investigations we get the [ollowing results per man :—
Varying amounts of Dietof Amount of N. ab-
Constynts of diets. makkai ata. scheme,  sorbed per man
daily.
Burma rice . 10 ozs. - Malkai ata 10 ozs. . Diet [ 848 grms.
Mungdal . . 6 , . g Qi s Diet 11 SR
xrﬂﬂﬁtﬂhlcs . G " E e 2] & 23 » -L.IET -I--[] 815

a1

It was found useless to try to get more than 10 ozs. per day of makkai
ata consumed by the prisoners in Buxar jail, so that our maximum quantity of
makkal ata in. this series of diets is 10 ozs. per man daily. So far as the
observations go, it will be seen, on comparing them with the similar series carried
out in Bhagalpur jail with country rice, that they ibear out what we found there,
viz., that a diet containing up to 10 ozs. per man daily may be taken with advant.
age, and that by increasing the makkai from 8 ozs. to 9°6 ozs. and then to 10 ozs,
for each man daily, we obtain a corresponding gradual increase in the actual
amount of nitrogen undergoing metabolism, %

We may, therefore, conclude from the results of the experiments in Buxar
and, as we shall see, also Irom those in Bhagalpur Central Jail, carried out with a
view to determine the amount of makkai from which the maximuam absorption

of pmtuiu takes place (the other constituents of the diets being conitant), that the
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Huankty ]Eifl down in the jail code, i.e., 12 ozs. per man daily is about the e
L q“'a'ntl_t.'r' that the average prisoner is capable of consuming ; and that, while
al Increase in this amount does seem to be accompanied by a slight increase in the
amount of protein absorbed, the fact that the prisoners cannot consume more than
i SFbe por day puts any idea of increasing the quantity of makkai ata olt of court.

We may now add to our summary the results of these observations, viz., when

» Makkal ata is substituted for wheat ata in the Behari type of diet,
The general effect of the substitution of 10 ozs. of makkai ata for the same

amount of wheat ata is to place the plane of nitrogenous metabolism of the pri-
soners on a distinetly lower level.

A On the average for varying quantities of Burma
rice the lowering of the level of nitrogenous metabolism works out at 1'66 grims,
of nitrogen per man daily. This is very clearly brought out by comparing the
curves of the two series of investigations—shown on Charts VI and VII.

Another important fact, which is evident from these results and shown on
the chart, is that the maximum protein absorption takes place from diets—of either
the wheat ata or makkai ata type—in which the 16 ozs. of Burma rice of the jail
diet scale have been reduced to 12 ozs. per man daily,

The optimum quantity of makkai ata for a diet composed of 12 ozs. Burma rice,
6 0zs. dal and 6 ozs. vegetables would appear to be over 10 0zs. and, as we shall see
from the inyestigations in Bhagalpur jail, probably lies about 12 ozs. per man
daily ; however, this amount is the maximum that the prisoners are capable of eat-
ing, and that only when the rice is reduced to 12 ozs.

We may conclude, therefore, that so far as the observations go—

(1) Burma rice may be reduced to 12 ozs. per man daily in either the wheat
or makkal ata diet.
(2) The 10 ozs. of wheat ata is the correct amount.
(3) 6 ozs. of difierent dals is probably beyond the amount from which the

maximum absorption can take place, unless the amount of rice is
reduced considerably,

(0) Bhagalpur Jail.

(i) Investigations to obtain the different degrees of nitrogenous metabolism Bn diets
composed of country rice, wheat ata,arhar dal and vegetables—all constituents, except
rice of the diets, remaining constant

TABLE XVL -
ScHEME 0oF Diets. J
Constants. ¢ Country rice ! . 80 ozs.=Diet I.
Wheﬂtn &t.ﬂ- - » m 0ZI8. l 3% 3y - - TD 11 =Diﬂt IIo
.ﬁﬂlﬂr dal . . 30 " } ES " 5 % o 60 " =Diet I11.
Vﬂﬁ‘ﬂtiblﬂ - k. 30 3 1\ 1 ¥ - - 5ﬂ i '=Diet lv.
¥ 1] ” . . 4 " =Diet V.
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Diet 1.
Behari prisoners observed cver five consecutive days on eack diet.
{ :
0 AR : ; X. of N. of N. of N, of
Blm Al Qﬂ-lnt]ty Total N. Waicht -
: : ight. | country wheat arhar vege-
of urine. | of urine. St Ao dal. tables.
.0, grms. Ibs, grms., £rims, grims, Brms,
r15310 | 9216 1256 4905 56:16 5064 472
15,710 | 9301 1255 4005 5616 59-64 172
Ten prisoners, Beharis. |{ 15,630 | 8584 1250 4005 56:16 50+64 472
15,080 61-50 1257 4005 56:16 5064 172
Lizi10 | o413 125-7 | 1995 56:16 59-64 472
. Diet 11,
Baron 1. ] 7,100 16-41 127 2185 | 2808 | 29082 236
| 7,000 4656 127 | 2185 2808 20-82 2:36
Five prisoners, Beharis. 2 6,860 4648 1272 2185 28-08 29-82 2-36
| |
| 9320 4007 1272 | 2185 2808 29-82 236
- |[-L- 6,380 5068 | 127 21-85 2808 20-82 2:36
2 Diet IT1.
. Barcr 1L ( 7,860 | 5215 124:1 1873 28:08 29-82 2:36
8270 | 5279 1242 1873 2808 2982 | | 236
Five prisoners, Bebaris. |{ 6,640 | 4620 | 1264 | 1873 | o808 | opse 2:36
: A 7,000 | 4850 1242 1873 2808 29-82 236
& L 8,150 1974 124-1 18-73 2808 29-82 2-36
-1i- i e = 7 Continued on same diet another week. Diet II1.
1 Baren II. 3 [ 6,030 50-39 1242 1873 2808 29.82 2-36
|| 7060 | 4001 | 1243 | 1873 | 2808 | 2082 2:36
6000 | 5098 | 1244 1873 2808 29-82 2:36
4873 | 13 | 1873 2508 | 22 | 23
o sosT | 1242 | 1873 2808 | 2882 | o246

o
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Diet 1V, .
tin Total N. : N.of N. of N. of N. of
mnrim?r of ::mll Weight. | country | wheat arhar b igh
rice. ata. Mr' ables,
e.c. grms. 1bs. grms. | grms. grs. grms: i
- 5,880 4773 126-9 15-66 28:08 29-82 2:36 5
- 1566
8,800 4651 127-1 E-ﬁﬁ 2508 20-82 236
. -
T.830 4724 127-2 1566 2508 20-82 2:36

| 1566
8,000 454 1274 1566 2808 24-82 2:36
15-66
L 8340 4576 127 1566 2508 20-52 2.36

.
3
%
¥
3
e e e
= T ——

Diet V.,
B Batas I,
6070 3380 | 1302 1248 | 28308 | 2082 2:36
_ 6550 3515 | 1303 1248 | 205 | 2w | 23 |
Four prisoners, Bebaris. § 5,820 3601 | 130 1248 | 2808 | 2082 238 | f
6,400 3707 1301 | 1248 | 2882 | 2082 2.36 _.i*[
:,L_ 6300 3630 | 1302 | 1248 i 2808 | 2082 | =236 i
T What do we learn regarding the degrees of nitrogenous metabolism from
foe” these investigations ? il
Nz ‘ .'
_ Diet 1. 5 : . ,'
i Total intake— Output— |
AT N.of Countryrice . 24975grms.  N.ofurine . - 46054 grms, 1
= g N.of Wheatata . . 28080 , 5gﬂn&mdn}rmt&nt 200, il
5 . N.of Arhardal . . 20820 , =y
] N. u!?'ggﬂt,g]ﬂﬂ = - 2360 Total N. mtnhulm - - . =48554 s a !
b S = 971 grms. N. per man daily, |
- Mﬁ.ﬁoimhh . =823, = 5696 5 of N. of diet. e |
"~ Diet I1. \*f
Output— 5 . :
: Iﬁﬂ'ﬁgm&. »Nioofugine: <« . . o 24010, e
110‘4]1 4 ‘5 grm. daily constant . . 1250 ,,
s . Total N. metabblism . . , =25260 , = ¥
S =10'10 grms. N. per man daily, ; 3

=61"52 % of N. 'ﬂlﬁt

K] iRl
| g

v |
| ik
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Diet 11, =
First week. o
Tnh-l mtaku— : Total output— |
¥ N. ﬁfﬂnunw'hca . 9365 grms. N.ofurine . . . 24938 grms. i
“  N.of Wheatata . . 14040 ,, *D grm. per day constant . L 1 il
= N.of Arhar dal . . 14910 ,, ¥ f
RS N, of Vegetables . . 1180 ,, Total N. metabolism . .  ,=261'88 ,, ;
e R 1 ST =10r47 grms. N. per day per man,
= Total N. of intake .  .=39495 ,, =66-30 9, of N. of diet.
Second week.
@ Tntn!inta.]m— ; Total output— ‘
~ Bame.. . . .=3%05grms. N.ofurine . . . 25058 grms,
— - *5 grm. per day constant . S ]S _
‘7 {Hotﬂ the very close results Y i
R from cbservations over Total N. metabolism . . =26308 ,, i
et - each week.) =10°52 grins. of N. per day per man, .
e ; < . =66"61 94 of N. of diet.
& !
Diet 1V,
Total output—
7830 grms. N, ofurine : . 23408 grms.
14040 ,, *5 grm. per day Camstantr . 1250, |
14910 , e
180 ,, Total N. of metabolism : =246'68 ,,
B2 e =986 grms. per day per man,
L=37960 ,, =064'95 9, of N. of diet.
Diet V. ‘
Total output— 1

N. of urine corrected for five men 232'133 grms. I
5 gem, per day constant . 1250 '
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e From the results obtained we get the following :— »
e Amount of nitrogen-
Constants. Varying amounts Diet of ous motabolism
" of Rica, Heheme, per man
. daily.
Wisitath 5 |rl"n:1.1 itry rice . « 16 ozs, Diet 1. "971 grms.
18T i " 075, N L L. ¥
‘ : g
Arhar dal G ? ) 12 Dl.ct s M
. QT 3 - oyl e et | SN M 5 11 1049
Vegetables . 6 ‘ S U e DR TY 986 ,,
I g ., Diet V. 98 3

So that from this series of observations we haye obtained absolute confirmation
of the facts already brought out in previous investigations, viz., increase of the
quantity of rice (Burma or Country) bevond what we may call the optimum amount
1s not only not accompanied by an increase in the degree of protein metabolism,
but actually by a decrease.

By plotting out these figures we obtain a curve which clearly brings out the
effects on protein metabolism of a gradual increase in the quantity of rice from
8 ozs. to 16 ozs. per man daily, when the other constituents of the diet are kept
constant—shown on Chart VIII.

The investigations in this series are of special importance and, from the point
of view of the inyestigator, most satisfactory for these reasons: —

(1) The prisoners experimented upon were finely developed healthy men.

(2) They maintained their body-weight without any marked variation one
way or the other.

(8) In every instance the full quantity of rice and all other elements of the
daily diet were consumed. This differs very markedly from
what we found in Buxar where Burma rice was in use. By a com-
parison of the results of the amounts of nitrogenous metabolism
from these different scales of diet we g2t remarkable vesults. Thus,
supposing for a moment that exactly the same amount of protein
wonld be absorbed and undergo metabolism by the prisoners, from
the  constant  constituents of the diets, we would get the follow-
ing results regarding therelative variations in the amount of pro-

tein absorbed from different quantities of rice :— .
From 16 ozs. of rice= 499 grms. N. relatively 971 grma,

14 ,, » » = 230, N I 10r10 ’

12 B = 3.?.4 33 H' - 3 lﬂ‘ég ”

10 n o om o = @12 n N. ”» OB6 -
4 t e 49 , N. e 978 3

L]
” - B
£

& b.-" il .-r; = -

ST —

B

-
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From these results it is at once obvious that :—
(1) The optimum absarptiﬂn is obtained in a diet of the above types when
the amount of rice ln the diet is about twelve ozs. per day.
{A] The co-efficient of prntnm absorption of rice, or indeed of any of these
* vegetable food materials, cannot be anything approaching a con-
" Stﬂﬂto
(3) The amount of nitrogen absorbed from the “ basal diet ” our * con-
stant” is not uniform with varying amounts of rice in the diet, for
example :(—

Diet TIT.

Constant+3'74 N. from rice, metabolism 1049 grms.

Diet IV,
Constant +3'12 N. from rice, melabolism 986 grms,
t.e., the co-efficient of protein absorption of rice from these results is just cver
100 9,
This is an impossibility and can only be explained by an accompanying increased
absorption from the * basal ** or * constant ** part of the diet when the amount of
rice 18 diminished.
That this increased absorption from the basal or constant part of the diet
has a limit is brought out by a comparison of results of Diets IIT and V.

Diet ITI.
Constant 4 3°74 N. from rice, metabolism 10°49 grms.

- Diet V.
Constant + 249 N. from rice, metabolism 978 grms.
1.¢., the absorptive co-efficient of the protein of rice now works out at about
. O7 per gent.

This is explained by the facts already shown. As the quantity of rice—given
with “he basal or constant part—is decreased from what we know to be the
optimum amount, the loss to the body of nitrogen is made up by a greater
and greater increase in the absorption of nitrogen from the basal constituents of
the diet, so that after an initial fall the amount of nitrogen absorbed will remain
fairly constant on reduction of rice—up to a certain limit. If this limit be

exceeded, the fall in absorption will again take place.
The proof of this is well seen in a comparison of the results obtained from

Diet IV and Diet V. "
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S : ; Diet IV.

-

Nitrogen of ** constant ** + nitrogen from 10 ozs. rice gives 986 grms, N. metabolism, ., |
L) n | 1
{

| ¢ Diet V. |

(a]

Nitrogen of “ constant > + nitrogen from 8 ozs. rice gives 978 grms. N. metabolism.

. |
L2

Therefore, if the amount of nitrogen absorbed from the constant vnth vary- '
mg quantities of rice were always the same we should have 0'63 arms, of nitrogen
giving an increased absorption of only 0°08 grms. of nitrogen which is absurd.

The explanation is that in Diet V a gre-ter percentage of the nitrogen of both |
*“ constant ”* and the 8 ozs. of rice is absorbed than in Diet V. |

Taking the diets where the amount of rice is beyond the optimum the reverse
conditions obtain. As the rice is increased in quantity a lower and lower percent-
age of protein absorption takes place both from the * constant ** and the varying o
quantities of rice. These observations afford further proof, if more evidence is
required, of the impossibility of obtaining any one fignre representing the absorptive "
co-efficient of the protein of rice, or indeed other cereals of a bulky nature when H
cooked, if the quantities of the food-stufis forming the diets are high; they | ‘
further show that the degree of protein ahsorption depends very largely on the ° i
total mass of the diet.

&~

We would now draw attenfion to the very close similarity of the charts
derived from the results in Buxar jail and Bhagalpur jail. In these observations v
where the quantifies of rice given were similar in amount the charts appear to he !
& practically identical, The Buxar chart, for reasons already mentioned, is on a '
lower secale. We show this comparison on Chart 1X. & s

(ii) Investigations to determine the different degrees of nitrogemous metabolism . -
on diets composed of country rice, wheat ata, arbar dal and vegetables—all con- y
- stitnents. except wheat ata of the diets, remaining constant. .

TABLE XVIIL g

ScHEME oF DIETS. . '

Constants. & Wheat ata . . 60 ozs.=Diet 1. - ; L
Country rice - Doz, - '

2 mr dﬂl i o Bﬂ L } +
: ; Vegetables . . 30 ..

S sy SR
S N SR () = ) o 1 - VN
TR o = 7 : :

;2 =1
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b Behari prisoners observed over five consecutive days.
3 | b N.oof | Noof | N.of | Noof
tity Total N, | o . ; ] s .
Barcm 1. Quant | " Weight. | coun whent | arhar voge- | REpanks
L ["“ﬂ”"‘;“‘“r‘“*‘ e
r- : " — - Il e
L c.c. 1 grms. 1, | gTmS. | grms. | grms Erms.
(8,480 | 5057 | 1270 | 1873 | 3369 | 2082 | 236 :
7,550 | 4745 | 1270 1873 | 3360 | 2082 | 2:36
| Fiveprisoners, Beharis . |4 8,980 | 4868 | 1280 1873 | 3360 | 2082 | 236
> Avep :
7,600 | 4766 | 1279 1873 | 3360 | 2082 | 236 |
- Lﬁ,ﬂ’?nI 4778 | 1279 | 1873 | 3300 | 2082 ] 236 |
5 Diet 11.
= .
: Batom 11 |
Five prisoners, Beharis . See Table XVI—Bhagalpur Jail.
¥ ; Diet 111—Observations over ten days.
L] Fl
=
2 ¥ Diet 1L1.
i ¥
F - L 1 [
e K Baron 1L
. : (6,550 | 42:80 | 1246 | 1878 | 2246 | 2082 236
. X || 8000 | 4727 | 1245 | 1873 | 2246 = 20-82 | 250
. & Five prisoners, Bebarls . |{ 7,680 | 4435 | 1247 | 1873 2246 | 2082 | 236
= : '
P 6,610 | 4784 | 1246 | 1873 | 2246 | 2082 | 236
i (6,830 [ 46:36 | 1206 | 1873 2246 | 2082 236
5 e I
Diet 1V,
._I
5810 460 | 1246 | 1873 | 1684 | 2082 | 2:36
§,380 , 4482 | 1249 1873 | 1684 | 2082 | 2:36
go00 | o2t | 1207 | 1873 2082 | 26
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learn regarding the different degrees of nitrogenous ,metabolism

.. from this series of investigations ? :
At _ 5 Diet I. ® i
S aril Total intake— Output— n ' ‘
R - N. of Country rice , - 9365 grms, N. of urine . 24206 gris. :
_ N. of Wheat ata . 16845 ‘5 grm. per day constant . <1230 :
N.of Arhardal . 14910, b ,
SOMNE = N.of Vegetables 1180, Total metabolism . .  ,=25456

oy & . —_— —60°18 9 of N. of diet,
Total N. of intake .  ,=42300 ,, =10°18 grms. of N. per man daily. ~
; Diet 11, e
Total intake of N, »=394"95 grms, Total output of N. in urine -'
+ Constant of *5 grm. . =262'48 grms. = l
=064'45 9 of N. of diet, :
=10-49 grms. of N. per man daily. |
Diet 111 ; ey
s > Total intake— Total output— | |

i f N. of Country rice . . 9365 grms. N. of urine 5 228'85 grms.
* " N.of Wheat ata 2 B o SR "5 grm. N. of constant 150" .. il
N.of Athardal . 14910 , — _ t
N. of Vegetables . T Total N. metabolism s=2410n -
. : ; _ =6578 9, of N. of diet B w
Total N. of intake =366'85 ,, =045 grms. N. per man daily. |
Diet IV. .'
Tnf.:ul intake— Total output—
T N. of Country rice . . 9365 grms. N. of urine . . 22270 grms. n o
Y N. of Wheat ata . 8420 "D grm. N. of constant . 1250 |, o
AVET N.of Arhardal . - 14910 , o 5
_ N. H:_?_‘age_t@bl_ﬁu 3 11-80 ,, Total N. metabolism - =23690 .
e S P — 6943 9, of N, of diet :
~ Total N. of intake =33875 ,, =941 . N. per man daily. ‘ a
for _ﬁgm_ this series of obseryations we get the following information :—
e i ; - o Amount of
S  Copstants of Diet. Varying amounts Diet nitroge _
i ot Gl m“ﬁ;“ Sihersia w“wm -

i _ Perman daily. . !

(Vhatan . 120 Diel 1018 gems - i
e s 10 5 DisbIL (1048, 8 g
o o

B%Iv o4 ,
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That is, the maximum protein absorption takes place {rom a diet containing 10 ozs. ° .
of wheat ata per day, the other constituents of the diet being constant at rice 12 ozs., -
arhar dal .6 ozs., vegetables 6 ozs., while the amount of wheat ata varies in the

different diets from 6 ozs. to 12 ozs. per man daily. :

By plotting out these figures we obtain the curve showing the effects on pro-
tein metabolism of this gradual increase in the quantity of wheat ata from 6 ozs, :
to 12 ozs, per man per day. This is shown in Chart X. .

By contrasting the charts of this series of observations in Buxar and Bhagal-

pur jails—Charts IV and X—it will be seen that the level of nitrogenous meta-

. bolism 1s lower in Buxar jail and that, while the curves do not exactly correspond
with each other, they have much the same features.

The quantity of wheat ata in the Buxar diet which gave the maximum absorp-
. tion we found lay between 8 and 10 ozs. and, from the closeness of the figures for

these amounts, we decided.it was 9 ozs. In the Bhagalpur diet the chart shows
% * 10 ozs. of wheat ata as giving the maximum absorption, but no obseryation was
made with 9 ozs. of wheat ata in the diet; so it is quite possible that the
amounts may be identical for the two jails. At all events, we are justified in [
concluding that, with diets of the Behari type, the most advantageous com- !
bination appears to be :—

Burma or Country rice . - : ; » 12 ozs, .
Wheat ata : i / - ; ; . 9orl0 pzs. |
Different dals . ; ! ; 3 5 . b6ozs. '
Vegetables . . i ; ; : R |

Both charts agree in showing there is nothing to be gained by increasing the |
> amount of wheat ata to more than 10 0zs. per man daily. 'i

L] ||

(iii) Investigation to defermine the different degrees of nitrogenous metabolism
_ on diets composed of country riee, makkai ata, arhar dal and vegetables—all consti-
tuents of the diets, except country rice, remaining constant in quantity.

TABLE XVIII.

ScaEME OF DIETS.

CoNSTANTS. Country rice . 80 ozs.=Diet I.

¢ Makkai ata - . 2 . 60 ozs. i w o« 10, =DietTI,
.ﬁ.rhﬂl‘ 'dsl ® L] el - 3(] L] ] } + ki LR - ﬁﬁg 1 p]ﬂiﬂt IH.
tﬂblas = & - - 3'} Ty (1 i = g — iet I\r..

oer 40 o,, =Dmt ¥

T a
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Diet 1.

' Behari prisoners observed over five consecutive days.

Diet 1L

L

e i .
1 'y 5] - 1 ; 5 5 Ni nf Hﬁ D[ E ﬂ‘f N. ﬂf
s Barcn B. Ef“?_-[n;inti E;main-l:; . Weight. | Country ~ Malkai | Arhar Vege-
= | it rice. ata. dal. tables,
o0, grms, lbs, grms, grms. Erms. Erms.
r 16,560  §s821 1212 40-95 50-04 5064 472
19,130 90-80 — 49-95 5004 59-64 472
Ten prisoners, Beharis. | 15,700 8577 - 40:05 5004 59-64 472
1L 17,420 90-49 — 49-05 50-04 5064 472
X, [ 18,740 9377 1212 40-05 50:04 59-74 472
. ‘
’ ’
o5 : Diet I,
2 Barer IIL. . ! s
' ; r 6,000 1002 120-4 21-85 2354 20-82 2:36
7,320 12:63 = 21-85 2354 20-82 236
Five prisoners, Beharis. 4 6,130 40-39 1204 21-85 23-54 20-82 2:36
- 1 6,400 41-66 ) 21-85 23-54 20-82 2:36
L 7,560 45040 1204 I! 21-85 23-54- 20-82 2-36
‘Only 55 ozs. of makkai ata wers caten on the average daily on this diet.
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: B ° !
’ > Diet 1V. > P
? o g "
h antit Total V. 1 N.of N.of N. of N. of |
SATCR SLE Y Tring, | of Orine. | Weisht. Couptrgh{ laRNal |, Acie: Ok o
3 == A B :
. y - 7,300 41-69 121-1 1500 2502 09-82 2.56 ]
6,120 1241 1213 1566 2502 20-82 236 ‘ |
Five prisoners, Beharis. |4 6,740 4387 1212 15063 2502 20-82 2:36
4% 5860 | 3855 | 1212 | 1566 | om0z | 2082 2:36
L 6,000 4145 121-1 1566 2502 20.82 2:36 .
- - |
s Diet V.
r'- 7,770 4013 121-1 1248 2502 20-52 2-36 A
=, l 7.340 4161 1212 12448 2502 | 2982 236
Fivoprisoners, Beharis, § | 6,620 4102 1212 | 1248 | 2502 | 2042 2:36 ‘
3 6,810 3380 1211 | 1248 | 2502 | 2082 236 '
L L 7,000 4240 1211 12458 | 2502 2082 2:36
L = 3 ' '
™ ~ What do we learn regarding the protein metabolism going on with these ;
s different diets ?
SRR _ Diet 1. |
3 otal intake of N. . . =S821'T5 grms. Total nitrogenous metabolis . =471'04 grms.
| o SR =57°32 9, of N. of diet
TN o =or 942 grws. N. per man dailv.
e _ ‘ ‘ Diet II.
¥ : - WE T D‘u'tplb_-
Total intake of N. . . =38785grms. N.ofure . . . . 21030grms.
-@} ;.-:-«-..-.-a. SR & - i. .5 gt‘.l:l'.l. cmtant % o . l?m 5
TR S s Total N, metabolism . . .=22280 ,,
g2 el =b7'47 9, of N. of diet
AP AR S . =891 grms. N. per man daily.
4 Diet III.
- Sos m < Oubpub .
o ; ‘Sgrm, constent . . . 1280
o N. metabolism . .=2116 ,,
—@76% of N.ofdiet
> =968 gms. N. per man dfily.
ie T2 *
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Diet 1V,
: Output—
Totalintake of N. . . =36330 grms,  N.ofurine . O . "20797 grms.
‘D grm. constant . L - 1250
Total N. metabolism : o =227

—060°88 9 of N. of diet
=882 grms. per man daily.

Diet V.
. : Total output—
Total N. of intake . . =348'40 grms. N. of urine . ; c ; 20496 grms.
' grm. per day constant : 12:50 .,
Total N. metabolism o =21746

—6213 °/, of N. of diet
=869 grms. N. per man daily.

From these investigations we get the following results per man :(—

Amount of

Constants of Diets, Varying amounts Diet of N. metabolized

of Country rice. Scheme, per man daily.

[ Country rice . 16ozs. =DietL. 942 grms.
Makkaiata . 120zs. 4 \ = = 14 ,, =DietIL* o891 |,
Arhar dal SLEOR et i e b s =Dk 1L 968 .,
Vegetables . 6 , ) . . 10 ,, =DietIV. $82 .,
= w» + 8 ., =DietV. 569 |,

The series shows that the best absorption is obtained from a diet in which Country
rice 12 ozs. per man daily is given, thus again confirming the results obtained in
the other series of experiments to determine the optimum amount of rice for ‘a
diet of the above type.

Chart XI gives the results shownin a graphic manner ; inregard to the diet
containing 14 ozs. of rice, only 11 ozs. of makkai ata-wers consumed which rather
spoils the chart, but, leaving this entirely aside, the fall with 16 ozs. confirms
the former results that 12 ozs. of rice—Burma or Country—is the optimumny, quan-
tity, whether in combination with 10 ozs. of wheat ata or 12 ozs. of makkai ata.

In Chart XIa we contrast the curyves plotted out from the results of the
same series in Bhagulpur jail and Buxar jail. Tt will be evident that they present
practically the same features of importance. The Bhagulpur Tesults are on a
higher level of nitrogenous mefabolism due largely to the prisonersin that jail
being able to consume and make use of 12 ozs. of makkai while those in Buxar could

only eat 10 ozs.

*1n this diet the makkai ata was not constant and averagzed 11 ozs, per man daily instead of 12 ozs,

[ 4
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(iv) Investigations to determine the degrees of nitrogenous metabolism on diet
composed of country rice, makkai ata, arhar dal and vegetables—all constituents of the
ﬁ-i'ﬂt except makkai ata, remaining constant.

4 -' TABLE XIX.
L
SCHEME oF DIETs.
Constants, Varying quantities of makkai ata,
Country rice . . 60 o0zs.) Makkai ata . . B0z =Dietl
Arhar dal SR j»+{ = S e e
Vegetables i e T R 5 ¥ . .« 40 ,, =DietIll,
Diet 1.

Five Behari prisoners observed over five conseculive days.

|
4 8| : oy N. of N. of N, of N, of
Batcn 1V. Quantity | TotalN. | yoin | Country | Makkai | Arhar Vege-

of Urine, | of Urine. Hlos, ats. dal. tables:
5 grms. | lbs. grms, grms. grms. grms.
L]
' 8500 | 4553 122:6 1878 | 2302 | oos2 230
l 7.080 | 4542 1226 18793 | 2502 | 2082 236
Five prisoners, Beharis, i|" 7010 46G-40 122-8 18:73 2502 29-82 236

8,660 | 4607 1227 1873 25-02 20-82 2:36
1873

-
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STk : 142 o
; g N n
_',?_'_i‘r... - . Diet 111. 3
oo 30 - T
R |
- ! p . - N. ﬂi N- ﬂf N-l 'nt Nﬁ Of
3 - Barom 1V, Quantity T“?l.l'" Weight. !c tev | Makkai | Arharc|  Vege.
3 ¥ a aof Uﬂn&. of ann B'Eh Il ‘:};::'Jr :m.m ];'“lr:r m" 03,
i =
3 5 .1 i Q.0 grms, s, i Erms. grims, Erms. grims,
=3 { . _ﬂ [’ T820 | 4127 123:0 } 1878 1668 | 2082 | 236
el ¢ : - 8200 | 40-63 1237 1873 1668 | 2082 | 236
e Y Fivo prisoners, Beharis . {4 10,350 = 4274 123:9 1873 | 1668 | 2083 | 236
i < | $210 | 4001 124-0 1878 1668 | 2082 | 236
A ’ 7,550 | 41:01 120 1878 | 1668 | 2082 | 236
"-; 5, T I
i What do we learn regarding the protein metabolism from this series ?
: ’ : - Diet 1.
_ . Total output—
‘Total intake of nitrogen.=2379'75 grms. N. of urine 22966 grms.
2 ’ "5 grm. constant . 12560 ,,
Lo 'y Total N. metabolism . =24216 ,,
.8 ] =63'76 9, of N. of diet
A , = 968 grms. N. per man daily. *
3 Diet 11,
Total output—
Total intake of nitrogen. =358 80 grms. N. of urine . : - 210°23 gris.
‘ "l A ) ﬁm.pﬂrﬂay constant 1250 ,,
T Total N. metabolism P =2227% ,,
 RARE —62:07 % of N. of diet
=891 grms. of N. per man daily.
Diet III.
sl ; Total output— s
intake of nitrogen.=337"95 grms. N. of urine . R . 20656 grms.
ok 4 i ‘D grm. per day constant  : * 1250, ,,
£ Total N. metabolism =21906 ,,

= 64829 of N. of diet
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It would, therefore, appear that up to 12 ozs. of makkai ata may be taken -
with advantage in combination with 12 ozs. rice and the usual dal and vegetables, _
But it is, almost impossible to get 12 ozs, of makkai eaten for more than a few
days at a time : even in Bhagulpur we had difficulty in having the full ration taken.

We :me conclude, therefore, that 12 ozs. of makkal is about the maximum
amount the prisoners will consume voluntarily ; and our results show that it is
not beyond the amonnt from which the maximum absorption, in a diet of the
above type, is able to take place. The 12 ozs. of makkai ata sanctioned in the
jail code is about right if the quantity of rice be reduced to 12 ozs. per man daily.

The effect of substituting malkkai ata 12 ozs. for wheat ata 10 ozs. in Bhagulpur
jail is shown on Chart XII. The vesults obtained corroborate what we found
in the Buxar investigations, viz., it had the effect of placing the prisoners on a
lower plane of nitrogenous metabolism. The average decrease in the amount of
nitrogen undergoing metabolism from this substitution is not so grea® as in Buxar
jail—in Buxar jail it was 1'66 grms. nitrogen whereas in Bhagulpur jail it is
under 1 grm. However, the prisoners in Bhagulpur jail were gefting 12 ozs. of
malkkai, while the Buxar prisoners only got 10 ozs.

This concludes our observations on the effects of varying the quantities of
wheat ata and makkai ata, Burma rice and Country rice in the two jails of Behar.

The fesults obtained are very definite and clear. While certain variations
are met with, due to accidental or expsrimental errors, the main features of the
curves obtained under similar conditions are very closely identical.

We claim to haye proved from these investigations that the quantity of rice—
Burma or Country—in the Behari diet is too great ; and that, whether given with
wheat ata or makkai ata, it can be reduced to 12 ozs. per man daily. The advan-
tages of this reduction are clearly :t)mught out in the charts and do not require any
further discussion. Further, we have shown that 10 ozs. of wheat ata per man
daily, and from 10 ic 12 ozs. of malkai ata are the optima amounts to be used in

combination with 12 ozs. of rice.

There now remains the question of the amount of dal, when given along with
these quantities of rice and wheat or maklkai ata, from which the best results are
to be obtained. We have seen from the investigations recorded on Table XIII
that with = diet composed of 12 ozs. Burma rice, 12 ozs. wheat ata, and 6 ozs. G.i
different duls very similar amounts of protein absorption took place v;ihet,her
the dal was highly nitrogenous or only fairly so. Thisis evidence that the mtmgieu
of the highly nitrogenous dals is not absorbed so well as that of _the dals ﬁﬁem.;g
jess nitrogen in the diets, and that, therefore, the amm‘mi of nitrogen Inﬂered in
the form of dal for hat type of diet could be decreased with adwantage, 4.e., would

2
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" leave less fesidue for intestinal putrefaction. While this is true with regard to |

~ a diet containing 12 ozs. of wheat ata, will it be the case when the wheat ata is
reduced to 10 ozs. per man daily ?

The questioh, therefore, is i—aceepting our resulf as correet, that the proper
quantities for a diet of the Behar type are 12 ozs. of Burma or Country rieg, 10 ozs.
of wheat ata or 12 ozs. of makkai ata, what amount of dal should bé given with
these constituents in order that the absorption should be a maximum ? In order
to answer this question the following investigations were carried out.

To keep the conditions as nearly constant as possible arhar dal was experi-
mented with in Bhagulpur jail, and mung dal in Buxar jail. Mung dalis a repre-
sentative of the more highly nitrogenous forms, while arhar contains the medium

percentage of vrotein. Both forms are favourite dals with the Behari, They may
be, therefore, taken as fairly representative of the general man of dals in use.

(i) Tnvestigations to obtain the varying degrees of mitrogenous metabolism on
diets of country rice, wheat ata, arhar dal and vegetables—whez all constituents
of the diets are constant, except the arhar dal.

Bhagalpur Jail.
TABLE XX.

SOHEME OF DIETS.

CoxsTants,
Country rice - - - 600zs. 7 Arhar dal . Sbozs. Diet I. ,
Wheat ata g : . ol - i o . 40 4, Diet IT.
Vegetables R o S aa e 196 ) ShisC T
Diet I.
Behari prisoners observed for five conseculive days.
: | N.of | N ot N. of
Quantity | Total N, b b ! N. of
Bivox V. of Urine. | of Urine. | " oB0t I C‘:,E_I;“F ‘ET"“ Mdl:f i‘i’cguhthna,
(AL £Tms. 1ba. i ETmE, grms, Erms, ! gn‘\‘m.
D070 49-78 129-8 : 1873 2808 2479 :: 2-36
72750 50-99 1257 1873 28:08 #M-70 | 236
|
Five prisoncrs, Beharis . |{ 7000 | 4559 = 1873 | 2808 | 3470 | 236
8240 50-23 . 1893 28-08 H-70 2-36
= T:180 5004 129-8 1873 28-08 3470 2:36
o - )
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Diet 1L, T‘
1
- !
! |
T e | e | e | B | B |
- 5 of Urine. | of Urine. i sy i g ek |
: ; e ; —-'.——f—- S a3
=2 o 3 L 0.0 grms. | lbs; | grms grms, grms. grms, '
, Five prisoners, Beharis See Table X VI—Bhagulpur Diet T11, ,
. : Average for 10 davs’ observation, | .
-~ i 1 |
v 2 ‘ Diet 11X,
% ~ BaremV. | |
" c 030 | 4817 120-0 1873 2808 24-85 2:36 ,
; . |
T 6,300 46-02 1873 2808 24-85 2:36 '
g : . | Five prisoners, Betaris . [{ 6,530 | 4443 1893 | 2808 24.85 2.36
: : | 7280 | e ‘) 1873 | 2808 | 2185 | 26 :
L 4,400 | 4184 1209 1858 | 2808 | 2485 2:36 't
i |
+  What do we learn from this series of investigations ? I
= -
Diet I.
= Total intake of nitrogen . —419-80 grms. Total output— |
o . N. of urine - - 24663 grms.
3 o *b grm. per day constant . 1250
T i Total N. metabolism . . —25013
X g 26172 per cent. of N. of diet
A =10-28 grms. of N: per man daily.
.  Diet IL
Bhagulpur.) . :
intaker .. . =39495grms. Total N. metabolism - ==262'48 grms,
i = G645 per cent. of N, of diet
= 1049 grms. of N. per man daily.
B 4 3 Diet IIT.
- . =37010grms. Total output— |
LR : Heofmmme | o o e 22835 grms
=l P

B oy g

)




146 =

We, therefore, get the following information from this series—

i, . Amount of
*Congtants. Virying amonnts Diet of N. mgabolism
EY of Avhar dal. scheme, por man daily.
Country rice . 12 ozs. s Arhardal . 7 ozs. Dietl. 1028 ‘E;l‘l“ﬂ-
Wheatata .10 , L) § ,  DietIl 1049 ,
Vegetables . 6 ( 5 Diet 111 063

That is, we have eyidence that an increase in the quantity of arhar dal of the
prisoners’ diet scale is not accompanied by an increase—but by a diminution—in the
actual quantity of protein absorbed and assimilated from the diet. We further
learn that the quantity sanctioned for the jail diet is the amount from which the
maximum absorption takes place—that is, when combined with the quantities of
rice and wheat ata from which we obtained the maximum absorption—12 ozs. of
rice and 10 ozs. wheat ata.

It is quite possible and highly probable that other combinations of rice, wheat
or makkai ata dal could have been obtained from which an equally good absorp-
tion of protein would have followed: as for instance one containing

14 ozs. of rice, 14 ozs. rice,

10 ,, of wheat ata, = 12 ., of makkaiata, 1
4 ,, different dals, 4 ., of arhar dal, :
6 ,. vegetables, 6 ,, of vegetables;

but, while combinations such as these are possible and worthy of investigation, we
were guided 1n our researches by what was observed during the dieting experiments.
As before stated, it was with difficulty that we could get 16 ozs. of Country rice eaten,
and impnsaibla to get 16 ozs. of Burma rice consumed by prisoners. It therefore
appeared a clear indication that rice was the part of the diet in excess of
requirements, especially as there never was any difficulty in getting the 10 ozs. of
wheat ata or 6 ozs. of dal daily completely consumed. Although 12 ozs. of malkkai
ata were eafen in the majority of experiments in Bhagulpur—where that amount
was given—it was always with some difficulty that we got it a:-.onsun%erl for seven’
days consecutively, and therefore increase in its amount is not pract-mahle.

Another point to which we may draw attention and one that affords further
eyidence that the quantities of rice, wheat ata and dal, which we have suggested
are those from which the best absorption will take place, is the high co-efficient of
absorption obtained for the protein of arhar dal when Diets I1 and ITI of this table
are contrasted. Thus—

Diet Ll—protein absorption from constant + that from 6 ozs.
Arhar dal gives 1049 grms. mitrogen per man daily.
Diet [T1—protein absorption from constant + thatf from 5 ozs.
" » Arhar dal gives 963 grms. nitrogen per man daily.

g
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Now, assuming that the amount of protein absorption from the constant part
- of these diets is the same in both—this is probably a correct assumption as the
5 : decrease in bulk due to one oz. of arhar dal would have little eflect, and is quite
different from a reduction in the much more bulky rice—we see that an increase of
one oz. of arhar dal canses an inereased protein metabolism from 963 grms. to
10749 grms. nitrogen.
This works out at an absorption of the protein of arhar dal of just over 85 per
= - . cent.; a figure closely approaching the normal to be expected for a fairly digestible
e - vegetable protein.

_.,' o ~ Exactly similar results were obtained in Buxar jail by reducing the mung dal
: from 6 0zs. to 5 0zs. and finally to 4 ozs. per man daily—when the diet consisted
B g:therwma of Burma rice 12 ozs., wheat ata 10 ozs. and 6 ozs. of vegetables. A

steady fall in.the leyel of nitrogenous metabolism took place; so that we
may accept it that the 6 ozs. of dals sanctioned in the jail dietariesis the correct
w amount, when given in combination with the optimum amount of Burma or Country
rice and wheat or makkal ata.

(i) Investigation to obtain the varying degrees of nifrogenous metabolism on
* diets of Burma rice, wheat ata, muung dal and vegetables—when all constituents of
the diets aré constant, except the mung dal.

o Bunar Jail
R TABLE XX
L A e 5
* e ScueME OoF DIBTS.
i >
Constants. Varying amounts of mung dal,
" Buxmerice. . . 12 ozs. Mung dal 6 ozs. Diet I
5 Whestots = - . g - 10 ., } + { ks i 5 gix III]i'
: Vegetables : . . " G 3 1] 'l ” i .
2 Vegetables “

Diet 1.

Behari prisoners observed for five consecutive days.

< Intake of nitrogen ~ =425'50 grms.
© —5902 per cent. of N.of diet = 1005 ,, N. por man daily.

— — e e
i - 'I,T_:'-E'
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. = 42550 grms.  Total output=251"15 grms. -
=59"02 per cent. of the nitrogen of the diet °
or 1005 grms. of nitrogen per man daily,

L
. 9% i
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e
Diet I1. »
Total N. N. of N of N. of N.of . erlight of
£ Urine. Burma Wheat Mung Vege- i
it Rty ata. dal. | tables, |PRRORORS-
grms, LTI, Erms, arims, grhs, s,
41-35 2040 2775 28:82 2:36 107-4
G20 i 4475 2040 2775 28:82 | 256 107-6
Five priconers, Beharis . | 6,09 3928 | 2040 | 2775 2%e2 | 240 1076
| G600 4120 20-40 2775 2882 | 296 1075
Lo | 480 | 2040 | 2775 osee Il 236 | 1074
: | i
Diet III.
[ 360 3ss 2040 | 2775 23406 230 1072
_‘ 5030 9672 | 2040 | 2775 | 2306 | 236 1072
! l
Five prisoners, Beharis . '3 5000 | 4877 20-40 2775 2306 2:36 1073
¥ “
g ¥ - | G500 | 59-58 2040 2775 23:00 2- 107-2
| ‘» 6000 3595 | 2040 | 2795 | 2306 | 236 | 1072
-
#
“What do we learn from this series :
. : s
$ :
* N Diet 1.

L1
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Diet IILL.
* Lotal nitrogen intake . =367-80 grms. Total output—
i _ N. of urine : : . 180040 grms.
o *5 grm. daily constant. . . . 1280,
- Total N, metabolism . 2019 ,,
=089 per cent. of the mtrogLu of the diet.
_ =808 grms. of nitrogen per man daily.
Therefore, we obtain the following information :—
Hebos Grows, of nite o
Constants Varying amounts motubolias por
: : £ i man daily.
s ' “Burma rice . 12 ozs, 1 Mung dal . 6 ozs. Diet L. 10°05
> Whﬁﬂt&t& - ]-n FT] + L L . 5 % DiﬂtI[. 'i!"ﬂg
Vegetables . 6 .. ) S PRl 808

Again showing that the maximum absorption is obtained from a diet consisting of
3 12 ozs. Burma rice, 10 ozs. wheat ata, 6 ozs. vegetables when 6 ozs. of mung dal is
C o given, and that & reduction of the amount of dalis followed by a corresponding
4 ~ reduction in the quantity of nitrogen absorbed. We give on Chart XI1T the figures
for the varying amounts of mung and arhar dals plotted out to show the eflects
graphically.

By working out the percentage protein absorption of mung dal from the diets
given on Table XXT it will be found to average 85 per cent.—a much higher figure
than can be obtained when the quantities of rice in the diet are greater than 12 ozs.
per man daily.

As we have already pointed out this may not 'be entirely due to a high protein
absorption from the dal alone—although in this particular type of diet it probably

‘ is. In alllikelihood an increased absorption takes place from the constants of the

B+ diets so that a segmingly greater increase occurs from the varying constituents
T than is really the case ; this is particularly the case when we are dealing with

a bulky material like rice as the varying constituent of the diet.

This finishes all we have to say regarding section (3) or the effects of varying

~ the quantities of the components of the Behari type of diet.
It will be ¢vident from a comparison of these results with those obtained from
the dietaries of lower Benga.l jails that the Behariis on a higher level of nitrogen-
mg'bsﬂa‘o]m‘m, anﬂ in aemrﬂanee mth this we find hls phjrsma.l develnpment
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The general conclusion arrived at from these investigations is the urgent

" necessity for a reduction in the quantitics of rice given to the prisoners, both
in the interests of their health and from motives of economy. :

The quantify of rice in the Bengal jail diets should be reduced by 8§ ozs. per
man daily, and in Behar diets by 4 ozs. per man dailv.  We have no hesftation in
saying that, in eflecting this economy to the State, the prisoners will be placed ina
much better position as regards their nutrition, capabilities of doing work and
general health.

We now pass to some observations made on the effects of adding an anmal
protein to the Behari diet ; but, as the level of nitrogenous metabolism is already
high we did not consider it necessary to go into much detail regarding these effects.

SECTION 4.
The effects of varying the components of the Behari diet, i.c., of
adding an animal protein to it.

TABLE XXII.

Buxar Jail.

(i) Investigations toi determine the percentage of the nitrogen of mufton
absorbed when mutton is added to a diet in which the level of =nitrogenous
metabolism is on a low scale.

Diet A.

Five Belari prisoners on ** basal diet ” for @ week.

0710 | 44:38 1240 | 1360
. e 9,000 | 44-85 1238 | 1360

Quantity Total N Weight | N, of | N.of |N.of | Noof [N, of
Baren Q. of U i 1?1_? *| of pri- | Burma ' Mung Makkai | Goat's | Vege-
FIC-OR VENE- | soners. |  rice. dal. sta. flesh. | tables,
0.0 ' Erms, L s, grms. grms. | gTms. ETmME. | ETImE,
8540 3823 1244 | 1360 | 3430 | 2205 | o.ap
8,880 | 31-1% 124-4 1360 34-50 | 2205 . | 2.4
Five prisoners, Behoris . . 0,130 | 36:03 1244 13:60 © 34-50 | 2208 T .. 236
10,370 3527 1244 130 3459 2205 .. 2.96
| g720| 3564 1244 1360 3430 | 2206 .. |0286
I
Same five men on ** basal diet ** to which mutton is added.
’ Diet B.
| (7,240 | 4766 | 1288 | 1360 | 3400 | 22.05 | 1043 | 2:36
o000 | 4267 1236 | 1360 | 3450 | 22:05 | 1043 | 2:36
Batoh Q, same five men L 40,820 | 4633 1289 | 1360 | 3450 | 2205 | 1043 | 2:36
i 34:59 | 22.05 | 1043 | 236

3459 2205 | 1043 | 2:30
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Diet A.
Total intake— Total output of nitrogen—
N. of Buzma rice . . 6300 grms. N, of urine X 2 . =180:27 grms.
N.of mung dal . EE i R 5 grm. of N.daily constant . = 12090
N. of makkai ata . TR :
N. of vegstables . s 1180 Potal N. metabolism ; . =19%7T
: ; ——— =33"10 per cent. of N. of diet
Total N. of intake « =303:00 [, — 7°71 grms, N. per man daily.
[
Diet B,
Total intake sameas A,  =363'00 grms.  Total output of nitrogen—
Add N. of mutton . =51 N. of urine : : . =23789 mms.
‘i grm. of N. daily constant = 1350 ,,
Total N. of intake =41515 ,, —
Total N, metabolism =238-39 ,,

=5742 per cent. of N. of diet
= 953 grms. N. per man daily.
Now if we falsely assume, as has always hitherto been done in investigations
carried out to obtain the co-efficient of absorption of thenifrogen of different
food-stufis in Kuropean diets, that the same amount of nitrogen will be
absorbed from the basal part of these Diets A and B, 1.e., that the same quantity
of nitrogen will be absorbed from Diet A as will be absorbed from the basal part
of Diet B (Diet B=Diet A+mutton) we can, by the method employed in Europe
and America, obtain a figure representing the percentage of the nitrogen of the
mutton that is absorbed.
From Diet A we get an absorpiion of 19277 grms. uitrogen.
From Diet A 4 mutton (B) absorption of 23339 grms. nitrogen.
Therefore, oy above assumption—
52:15 grms. nitrogen of mutton gives an whsorption of $5:62 grms. or 8747 per cent,
So that, on the above assumption the nitrogen of goat’s flesh is absorbed
to an extent of 87°47 per gent.; but, while this percentage is true for these parti-
cular experiments, it does not hold good in other experiments where the basal part
of the diet is made up differently. In other words, the figure representing the
percentage of protein of mutton absorbed, obtained from experiments carried out in
this way, depends very largely on how the basal diet is made up. The protein of
mutton is very much more easily assimilated than is the protein of either rice, dal
or ata ; and therefore on adding mutton to a basal diet, although we get an increase
in the smount of proteih absorbed and undergoing metabolism, the increased output
of nitrogen in the urine is not a measure of the amount 'uf protein absorbed from the
mufton. It may vary in two different ways :—
Vo T may happen to be the measure of the amount of nitrogzn absorbed from

-
—f——
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Diet 1.

e

Gl ozs,

0 .,

al oo, _
alk g »

Five Behari prisoncrs on low witrogenous diet for a week.

~

T - o
- the mutton, i.e., the amount of protein absorbed from the basal diet remains con.  »
e ﬂt&nt, whether basal diet alone is given or basal diet plus mutton. From the
evidence we have obtained this is only likely to occur when the basal diet provides
an a'hm:__t-'__ggtiﬂn_._ b’fwgrﬂte_in that approaches the lower limits of nitrogemous equi-
librium, and is of a bu@k'_'lﬂsa than that likely to interfere with absqrption by its
size alone. '
2. What is far more likely to happen is that, the protein of mutton or other
meat or fish being much more easily assimilated, the intestinal eanal absorbs this
protein readily and allowsa much larger part, than when no animal protein is
present, of the protein of the basal diet to pass out unabsorbed. We have
already given a good deal of evidence that this is the case, and shall rest content
with stating one example of it on the Behari type of diet.

(ii) Investigations to determine the percentage of the nitrogen of mutton °
— - absorbed when the mutton is added to a diet that approaches the lower limits
et - of nitrogenons equilibrinm.

= -
=
i Barem 5.
L lvwre L
i R S
s
P
L

= | Weight | N ot H.nf*rff;iv.

TR I il
. > g |

c.e. grms. | Ibs. | grms. |egrms. | grms. | rms.
- 9,560 ass-:m[ n72 | 2040 | 1764 | 3450 236
T620| 3178 1172 | 2040 | 1764 | 3450 23
1 9,820 414,5 M-h 17:::';_;‘3@59 236
0,400, 3579 | .. | 2040 | 1764 a0 2
L] : M'm. b a5

o
f -
m
N. of o
goat's
flesh,
n
grms. -
‘m
o ez
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Wmsht N.of | N.of | N.of | Noof | N.of
B;hh C. . Efﬁ:tg ﬁo‘tﬁi?' of pri- | Burma makkai | \hm% vege- | goat's
i soniers, | rice. atta, | tables, | fleah,
> i { |

: = . |
R ¥ (10,530) 4732 | 1236 | 1700 | 1764 | 3460 | 236 | 1043
4 8,600 4605 | 1238 1700 | 1764 ‘ 3450 | 236 | 1043

]
Five prisoners, Beharis . < (410,790 4654 | 1237 | 17-00 Th | 450 | 230 | 1043
11,850, 46:78 | 1236 1700 T4 | J4:50 | 236 | 1043

L 9,170 4807 1236 1700 17-u4| 3459 | 296 | 1043

: Diet I. . :
5
3 * ©  Total intake of nitrogen . =37405 grms. Total output—
N Y N.inurine . . - - . 191-48 grms.
5 grm. N, daily R T ) ;
Total N. metabolism . . . 20398 ,, 5 4
=5440 per cent. of N. of diet
L3 4 = &15 grms. of N. prr man daily. !
=3 | !
» IHE’[I Ilr
‘Total intake of nitrogen . -—ﬂl}'l{lg;rms Total output—
2 ' ; N. of urine . R . . 22566
= &, -5 grm. daily . 3 BT, i bt |
© ¢ Total N. metabolism . 24816
=6051 per cent. of N. of diet
" = 992 grms."of N. per man daily.

F ’3 From these investigations we see that —
=t ﬁom])@t 1 20398 grms. of nitrogen undergo metabolism,

* from Diet 11 24816 grms. of nitrogen undergo metaboliem
nuwﬂml'sllm made up of Diet I 4 16 ozs. of mutton+10 ozs. of Burma Tice,

k that a diminution of 10 ozs. of Burma. Ticeina
:'; Bjﬁd‘mﬁe&t very '11ttla d:ﬁemncam the amnunt of mtmge,n




154

- tion, and would probably be still closer if we could make allowance for the effect

of thediminution of the Burma rice of the diet by 10 ozs. per day for the batch
of five men.

We therefore find from this line of experiment that the addition of a certain
small amount of animal diet dies cause a large increase in the absorption of
nitrogen from the diet. But, as we shall see in the next observation, this increase

*is by no means constant even for the addition of the same amount of meat, and

thatit also depends largely on the composition of the “ basal diet ** to which the
meat is added.

(iii) Investigations to show that the increase in fthe amount of nitrogenous
metabolism may be no real measure of the amount absorbed from a highly assimilable
form of protein which has been added to a * basal” diet.!

Thus, taking the diet—

Burma rice i : i . k, 40 oza. 5. i

sl - M 1 o e B
ung d: . it . . ” i

Vegedt:ubles : : 20 (\ Prisoners,

t affords an intake of 39150
grms. nitrogen of which 23373 grms. nitrogen are absorbed.

Now to this *“ basal *’ diet were added 16 ozs. of goat’s flesh when the
following results were obtained :—

we have seen by Table XI, Diet V, that this die

- r N of | N \ :
Batcn P &“U“;:;?nght af"ﬁ‘;{n:' 1;51;;. :‘Iia;‘lsig Ih:t%it :‘;ﬁ?}f L;n:]tl.:i.
o

o | 1hs. grms. | grms. | grms. | grms. | grms. | grms,

F7,820 | 1178 | go1 | 1360 | s | 27 | 236 | 104

3,,100% 077 | 5022 | 1360 | 3450 275 | 230 | 1043

Five prisoners, Bebaris . ¢ 0,030 | 1178 | 4754 | 1360 | 3450 | 2775 | 236 | 1043
10,480 115-&\ 4965 | 1360 | 8450 2775 | 236 | 1043

(8,500 | 1178 | 4800 | 1360 | 3449 2795 | 236 | r1043

|

Total intake of nitrogen. = 443°65 grms . Tﬂlﬂ'h.ﬂu‘:%ﬂ:;— . ;

Sgm.daly . . . = 1250

: Total N. metabolism . . =95741 .

257°41 grms.—233"23 grms,.=—23'68 grms. is all that would appear to be ab-

sorbed from 52'15 grms. of nitrogen in the form of mitton—only 4540 per cent.
of its nitregen, which is absurd. \

(1]

This is fairly close to the result already obtained in the previous investiga-
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What kas happened is that more of the protein of the wheat ata, rice and
dal has passed out unabsorbed which causes a seemingly very low absorption of the
protein of mutton. In order, therefore, to be able to show by this method any thing
like a normal absorption of an animal protein when added to a purely vegetable
diet, the bulk of the diet must not interfere, and the leyel of nitrogenous absorption
from the yegetable part of the diet must not be high.

Summary of Section 4,

F¥{ " There is no necessity to add an animal protein to 'a diet of the Behari type.
The level of protein metabolism is already high, fully two grammes of nitrogen
superior in the case of the wheat diet to that of prisoners in Lower Bengal, and we
do not consider it necessary to further increase it. On the other hand, if arrange-
ments could be made for the substitution of fish twice a week in place of part of the
dal and ata, we believe it would be to the advantage of the prisoners® health. This
we would only recommend for prisoners in those jails where a local supply of fish is
easily and cheaply obtainable. In Buxar and Bhagulpur jails it would be a fairly
simple matter to have a supply of fish procured by prison labour from the Ganges
which is within easy distance from the jails. If this could be done an economy

~ could be effected by the saving of the dal, wheat or makkai ata twice a weelk, and, at

the same time, the monotony of the prison fare would be relieved. We think that
the suggestion is important, more particularly for the large central jails where long-
term prisoners are confined, and where plenty of cheap labour is available,

It it were found feasible we would recommend that the wheat or makkai ata be
reduced in proportion to the amount of protein ayailable from the fish.

Also the question of the quantity of dal must be taken into consideration. We
have shown 6 ozs. of dal to be the maximum amount that can be given ; but there
is no necessity to give this maximum. Reference to Tables XX and XXI will
show that, with the amount of dal reduced from 6 ozs. to 5 ozs. the protein
metabolism of the prisoners is on a higher level than obtains when the full quanti-

" ties of the constituents of the present diet is consumed. Further, there is no

doubt that dal in any form has a decided tendency to produce diarrheea and
intestinal disorders, and that the 6 ozs. of the jail diet is a far larger quantity
than is consumed by the civil population of the district.

We would, therefore, recommend a diet of the following types :—

d Burma or country rice . 5 : . 12 oz
Wheat ata . s 2 3 : 5o or makkai ata 12 ozs.
Different dal in use : g : B T ®

vqﬂt&h lﬂ - - N - - .’ (1] 1%

This might be looked on as the general scale of Beharn diet.
- X 2

e s
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156 .

With fish available, if it be found economical we would suggest that 5 ozs. of
fish be given twice a weelk, replacing 2 ozs. of wheat or makkai ata and 1 oz. of dal.

-

THE SUGGESTED S8CALES. "
General diet. Diet on two days a '!ff-‘i.‘k.
Burma or country rice . 12 ozs. Burma or country rice 12 ozs.
Wheat ata A et nes Wheat ata . e
or or

Makkai ata ; 12 . Makkai ata = [
Various dal available D Various dal available . 4
Vegetables . g ., Fish* . e
Vegetables ; S

The general diet offers in round numbers :—*

DN R s s e, 98 ik
Carbohydrate . L ; ; : = : : - . Bh0 .,
Fat . - ‘ ¥ s : : J : - : 1

which is superior in practically all its constituents to the dietary of Lower Bengal,
and, being partly made up by wheat, is very much more assimilable, The impor-
tant part, however, is that the protein absorption obtainable from this diet is a
good deal higher than that from the full Behari diet at present in force ; so that less

A

residue remains to provide for miero-organismal growth. The carbohydrate ~

element is still too high for natives of a hot climate from whom hard labour is
not demanded : nevertheless, it is decidedly superior in this respect to the ordinary
jail standard. If the suggested supply of fish meets with approval it will cause a
reduction of the carbohydrate to more nearly a proper amount and, at the same
time, increase the percentage of assimilable protein very considerably.

We need hardly say that, if it is decided to add a little animal protein to the
diet, and fish is not available, goat’s flesh will do equally well. The expense of
this, however, we are afraid will be considerable, if not entirely prohibitive.

The fish diet two days a week offers in round numbers :—

Protein . - . . - . . - - . . 100 grmas.
Carbohydrate . . . - . - ; . - -
Fat . . . . . i . : - . o

a very superior diet, as a high percentage of its constituents is assimilable,

Nothing now remains with regard to the work done on the nutritive value of
the dietaries of Lower Bengal and Behar jails, but to discuss a few of the questions
that have .c‘rﬂpped up during the enquiry—these we have tabulated under Section
(5)—and to give our geperal conclusions. '

We shall now take up the relative value of the different forms of food-stuff

in use. =

(al
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g SEBECTION b

(i) Relative value of Burma and Comntry rice.

This subject will be found referred to in the work recorded on prisoners in the
Presidenc}: jail, Calcutta, and Buxar jail.

In the Presidency jail, Caleutta, where the prisoners have been getting Burma
rice only from the time of their incarceration, the protein absorption from the
different diets containing Burma rice was on the average higher than that observed
in, Puri jail, where locally grown rice was always in use.

Further, on placing two batches of prisoners in the Presidency jail on abso-
lutely similar diets, but replacing the Burma by country rice, there was a distinet
fall in the actual amount of protein absorbed from the diet. Thus a batch of 10
healthy Bengali prisoners on a diet of Burma rice, mixed massur and arhar dal and
vegetables, gave an average nitrogenous metabolism of 7'60 grms., while the same
prisoners under exactly the same conditions, save that country rice replaced the
Burma rice, showed a fall in nitrogenous metabolism to just 7'00 grms.

This would appear to mean that the protein of Burma rice is more easily ab-
sorbed than that of conntry rice—at least in those who are accustomed to its use.

On the other hand, we have given evidence that in Behar jails the country
product is dccompanied by the better protein absorption—see comparative Charts
IX and XIII. There were other factors, however, to be taken into consideration,
so that the difference in the rice may not be the whole explanation of the better
absorption from diets containing country rice.

We are inclined to believe that to those accustomed to it, the Burma variety
is distinetly superior to the country rice as placed on the market. We think that
a good deal of the inferiority of country rice is due to its very dirty condition, and to
bad cleaning. There is no doubt, however, that the prisoners prefer the home-
grown product, ard, as we have seen. this is an asset not altogether to be neglected.

That Burma rice, whén properly treated. is just as likely to maintain
the prisoners in health as is the Indian variety, is shown by the health returns of
priaﬂnérs in the Presidency jail, Caleutta, where nothing but Burma rice has been
used for the past three years. From our results as to its relative nutritive
value we bave no hesitation in recommending the more extensive use of Burma

rice in Bengal and Behar jails.

(ii) The relative value of the different dals.

We have practically nothing to add to what will be found under the work re-
corded in Tables II, III and XIII. Given in what we have called the optimum
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quantity, there appears to be very little difference in the amount of pretein absorp-

. tion from diets containing different dals, with the exception of gram dal. This con-

tains a much lower percentage of protein than the other types, and its protein does
not appear to be so easily absorbed. Any difference that exists in the protein
absorption of the different dals 15, in all probabilitv, due to a differefice in the
relative difficulty of thoroughly cooking them. :

r The cooking of dals and of the different constituents of the dictaries is a most
important question, and one we have been unable to touch; but there can be
no doubt that the very deficient protein absorption from the jail dietaries is
intimately connected with the way in which the food is prepared.

(iii) The relative values of wheat and makkai ata,

The relative values of these two food-stufis have al ready been fully discussed.
When 12 02s. of makkai ata are given in place of 10 ozs. of wheat ata we found that
it made an average difference of about one gramme of nitrogen in the amounts
absorbed from the two diets with varying quantities of rice. This works out to
over 10 per cent. of a decrease in the level of nitrogenous metabolism. When
equal quantities of makkai and wheat ata are given in substitution for one another
(Buxar jail) we saw that the level of protein metabolism wasdecreased 1'6 grms.
on the average, the makkai ata being used with varying quantities of rice. On
contrasting, however, the proportion of protein of makkai with that of wheat
ata, in a diet containing 10 ozs. of each, we obtain a full explanation of the lower
absorption from makkaiata : the protein of makkai ata is to that of wheat ata as
9°55 : 12'24, 1.e., as 1 : 1'2, and we found that under the same conditions the ayerage
absorption from a diet containing makkai was to that of a diet containing wheat
as 8'03 : 9°69, 1.e., as 1: 1'2 (see Charts IIT and V).

It follows from this that the protein of makkai ata is, under the same condi-
tions, as well assimilated as that of wheat ata. Thisis an important result,
as it is generally stated that makkai is much less easily absorbed than wheat ] how-
ever, our investigations do not bear out that contention, but show, on the contr: Y,
that practically the same percentage of the protein of the two food-stuffs is
absorbed when they are given under the same conditions,

The fact that the ratio of the percentages of the protein of .maklkai ata and
wheat ata tallies with the ratio of absorption of those proteins affords a valuable
check on the accuracy of the figures on which the charts are founded.

We present on Chart XIV composite curves obtained by averaging the results

of the investigation carried out in Buxar and Bhagulpur jails on diets of malkkai

Pl eSS
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and wheat .ata, when the rice was in varying quantities in the several diets,
This chart shows very clearly the relative value of makkai and wheat ata, so far
as protein absorption is concerned, malkkai being given in quantities of 11 ozs.
and wheat ata in guantities of 10 ozs. Both curves present the sdme features in
almost every detail, showing the gradual rise as the rice is increased from 8 to
10 ozs., the sudden increase in protein absorption from 10 to 12 ozs., and the
typical fall after the amount of rice has been increased beyond the optimum, .
The point on the chart for 14 ozs. is caloulated ; as in Bhagulpur jail this figure
o was irregular from a fall in the amount of malkkai ata consumed.

General summary of results obtained.

1. We have shown the worth of the dietaries of Bengal in grms. of proximate

principles, and pointed out that their real nutritive value is very different from

, their apparent worth. The chemical values of the dietsin round numbers are, in

protein, for Lower Bengal diets 93 grms. and for Behar 106 grms. ; the real nutritive

value for Lower Bengal is 49 grms. and for Behar 60 grms. In other words a little

over 50 per cent. of the protein is absorbed from the dietaries when given in full
quantities.

L

2. We discussed the causes of this low absorption and have shown that one
. important factor in retarding the metabolism of protein from the full diet is bulki-
ness, affecting both types of diet.

We brought forward much evidence to show that a mere decrease in the bulk
of the diet was sufficient to permit of a greater relative and absolute absorption
of protein; and, working with varying quantities of the different food-stuffs, we
gradually worked out the amount of each food-stuff that should be given in a diet,
in order that the absorption from that diet may beat a maximum—this we ecalled
the optimum amount.

For diets of the Lower Rengal type the optimum quantity of rice we found
. ~ to be 18 ozs. and of dal 5 ozs. (about) per man daily.

In Behari diets the optimum amount of rice is 12 ozs.
T it S T when!._ata 10 ozs.
n # » s makkaiata 12 ozs.
Ta . % = w5 dal 6 ozs.

We showed that the absorption from the diets,in which the food-stuffs were

combined in the proper quantities, was very much superior to that of the present

: . scales of dietaries; also that the percentage absorption was very much higher—

" a great gain, as a much lessened amount of nitrogen remains to undergo intestinal
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_butrefaction. Further, we showed that, by giving the several food-stuflsin the
quantities which we suggest, the acknowledged excessive carbohydrates of the diets
are brought down to more nearly physiological amounts, and that the intestinal
juices are given a fair opportunity of discharging their duties, so that intestinal
fermentation will be checked and a better absorption of carbohydrates will be
obtained. If we had any means of investigating the metabolism of carbohydrates
we should, in all probability, cbtaina curve very similar to that given in Chart 11
whiel shows the actual absorption of protein from diets containing different
quantities of rice. It is quite fair to assume that the conditions present in the
diets that entail so defective an absorption of protein will also tend to prevent
the full value of their carbohydrate clements being made use of. These condi-
tions will remain in force until the food has passed those parts of the intestinal
canal where . absorption’ of both protein and carbohydrates is possible; but,
having arrived at the large bowel, the carbohydrates are rapidly broken down
by fermentative processes, and their potential energy is dissipated, so that
estimation of the carbohydrates passed out in the feecesis of no value as a
criterion of the percentage of that element wasted and lost to the economy.
This is not the case with the protein element, for the nitrogen leit over from
absorption must pass out in the faces in some nitrogenous form, either inorganic
or organie, as, for instance, in the form of organised micro-organisms, for whose
growth it forms the essential pabulum. The estimation of the nitrogen of the
fwces, therefore, gives a true indication of the amount of residual waste from
the protein of the diet. We have confirmed our results by this method particu-
larly in the cases of Presidency jail, Puri jail, and Midnapore jail.

We have given graphie records of the effects on protein metabolism obtained
from diets providing varying quantities of the difierent elements when all but
ane constituent of the diet remained constant. In this way, we have been able
to plot out the curves of the absorption of protein for different types of diets.
In all these investigations we worked with the diet as a unit, and did not accept
the assumption that there would always be the same actual absorption from the
“¢ basal ** or our ‘¢ constant '’ part of the diet, with varyving quantities of the food-
gtuff under investigation. In fact, we have shown that the wbove-mentioned
assumption, while practically true for diets of the European type where an average
of 90 per cent. of the protein is absorbed, does not hold good for dictaries of the
Bengal type. Itisnot possible to work out an absorptive protein co-efficient for
the several food-stufis, and find that this percentage of its protein will be absorbed
under varying conditions. We find, on the contrary, that the albsorptive co-
efficient varies more or less inversely with the bulk of the diet, and with the
amount of vegetable protein present in the diet; and it is only after a great
reductionrin bulk, and in diets whose protein metabolism approaches the lower

——— Y - e
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physiological-limits that the addition of more of a food-stuff will show anincreased
Protein absorption corresponding to a co-efficient of absorption similar to that
obtained in European types of diets.

A great deal of work has been done on the effects of adding wheat ata or an

animal prétein to the Lower Bengal dietaries and an animal protein to the
Behar diets. -

These effects we have fully dlaCUbSE{l in the summaries of the sections des leﬂ
with them and we have nothing more to add on this subject.

3. We have stated that, while the addition of an animal protein is not by any
means essential, at the same time there is little doubt that, if it were econo-
mically possible thus to permit of a reduction of the amount of dal in both Lower
Bengal and Behar dietaries, the ‘general health of the jails would improve. From
investigations on the microscopic compositions of the faces it would appear that
the dal granule is the most difficult of all to break down, and that the sli ghtest

. lowering of the general health is usually accompanied by the passage of undigest-

ed dal. This has clearly been shown by Lane* in the microscopic examination

of the fmces of prisoners for intestinal parasites: the presence of more or less

harmless parasites being sufficient to cause the passage of large quantities of

unchanged dal granules. It is easy to replace part of the dal in Bengal jails by

“wheat ata without increasing the cost—and this we have recommended. But in
Behar jails the amount of wheat or makkai ata is quite sufficient and cannot be in-

creased with good effect. The only way, therefore, of being able to reduce the dal is

to give some form of animal protein, and we have suggested fish. It would only
be necessary to do this in the large central jails where long-term prisoners are
confined, and in the two central jails that we examined fish should be easily pro-
curable at little over the cost of prison labour, if proper arrangements were made.
These changes in the feeding of prisoners would require to be carefully con-

sidered from the standpoint of cost before being generally introduced. However
with regard to the other suggestions put forward there need be no hesitation.

" The quantities of rice in the Bengal and Behar diets must be reduced ; the former

by 8 ozs. and the latter by 4 ozs. per man daily.

We are very strongly of the opinion that 6 ozs. of dal is far too great a quantity
and should like to see it reduced to 4 ozs. in both types of diet ; this can be done
easily in Lower Bengal by replacing it by a corresponding quantity_ of wh?at
ata, or wheat ata and fish in those jails where it is found more economical to give
fish on two days per week or oftemer. In Behar jails, particularly inthe large
central jails, wehope that it will be possible to give fish twice a week in
order that the excessive amount of dal necessary may be further reduced.

* Major Clayton Lane, LM.S. : Iotestinal Parasites, I. M. G., 1909, *
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_ If this be not feasible we strongly recommend that the 6 oza. of dal l'-n;
Teduced to 5 ozs. per man daily.
The dictaries we recommended would, therefore, be :— .

I.—Lower Bengal Jails,

Rice, Burma or country . . % . 1Boz,
. Dals, various kinds available . 3 ; 5 ST S
W,hﬂﬂt ata - & - G - - - 4 i%]

or
Fish in place of wheat ata twicea week . . 4
Vagﬁtﬂhl&ﬂ . . . - . . . ] ]

II,—Behar Jails.
On two days

a week,
Rice, Burma or country . 2 . : . 12 p2s, 12 ozs.
Wheat ata . : = A . - o L1 e itea

or

Maklkaiata a . . A o 20 - 3L 1 L
Dals, various kinds mmlahIe ; Sl 4 .
‘-Tagetahlea - . . . . : FRal s G,
Fish or goat’s flesh . : - . : Shse:c e

[ Re salt—see later.]

The usual condiments, ete., as at present in use.

4. We have discussed these diets from the standpoint of the interests of the
prisoners, and have brought forward evidence to show that the suggested changes
are entirely to their advantage, and to the benefit of their general health. This
we consider is the all-important consideration, as it would be no saving to the
State, to look atthe problem from the economical point of view alone, if a reduc-

tion in the cost of dieting were made, and it entailed greater sickness or any lower-

ing of the general health. Fortunately, in this matter the interests of the prisoners

‘and of the public. who have to pay for the prisons, are not-at variapce, for

we are able to suggest much superior types of diet which will cost the State
less ﬂ]}m at present.

The gen eral effect of our suggestions would be to decrease the quantity of
rice all over Bengal by 6 ozs. per man daily. The other changes from the point
'Qf view. of cost may be neglected, as the addition of wheat ata would counter-

ance the dmraaser in dalin Lower Bengal ; however, if fish were procured by
-...nm . there would be a distinet gain in both Bengal and Behar. On the
m“ _W@H be a saving of one-fourth the cost of all the rice consumed.

L
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:Eiom data supplied by jail officers'we find that rice costs on an average one

ﬁnna.pa:: man daily, so that there should be a mﬂng of 3 pies on cach prisoner

per day. Calculating on a basis of 16,000 prisoners in Bengal, from rice alone
this would work out at a saving of over three-quarters of a lac of Tupees yearly.
Besides this, if our suggested means of obtaining fish were possible, there would
very nearly be a similar saving on dal, wheat and makkai ata.

The details would require to be worked out with regard to local conditions,

but we have no doubt that in most of the central jails. and in many of the smaller,

fish could be cheaply obtained. On the whole there would certainly be a lac of

rupees saved every year—and probably much more, if the diets which we have
shown to be much superior in every detail to the present standards were

introduced.

5. With regard to the cooklng of these vegetable food-stufis we have not
been able to make any observations; but from the evidence afforded by other
observers we would recommend that the dal be ground to meal before being
cooked. We hope to be able to make some investigations on this important
subject later. As already mentioned, lentils given after soaking and boiling show
over 40 per cent. of the protein unabsorbed ; whereas when ground to lentii meal
only from 8 to 10 per cent. of the lentil protein passes out in the fwmces.

ol e
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CHAPTER III, .
Report on six months’ use of special diets in Puri Jail,

By the end of 1908 we had obtained undoubted evidence of the beneficial

- effect of a reduction of the hulk of the ordinary jail diet on the level of

protein metabolism ; it was therefore necessary to determine whether sueh a
reduction would be accompanied by a maintenance in the standard of the
prisoners’ health and their physical condition. With this object in view it
was decided, in consultation with the Officiating Sanitary Commissioner with
the Government of TIndia— Lieutenant-Colonel® W. J. Bamber, TML.S.—and
the Inspector-General of Prisons, Bengal—Lientenant-Colonel W. J.
Buchanan, LM.S.—to place all the prisoners in Puwri jail on diets in which
the bulk had been cnnsldemhh decreased, This arrangement was carvied ouf _

over a period extending from the beginning of January to the end of Ju];r
1909,

This experiment of some six months’ duration is not really of much value

_ in determining the effects of the lessened diet on prisoners over long periods,
as Puri being a District jail few of the prisoners remained for more than”

from one to two months. It shows, however, the effects of the diet on
the new admissions and on those prisoners under confinement when the
experiment was begun : by a comparison of the results thus obtained with
those of the same period in previous years, we are able to form a fair idea of
the effect of the reduction of the bulk of the ordinary jail diet.

The prisoners were divided into two classes of a wearly equal number of
prisoners in each. One class was given a diet composed of—

Class A.
Rice . - . 18 ozs. Tish : . 4 ozs.
M . " . 4 i) T&getables . £ (i n o
The other a diet composed of—
Class B. 3
. . 18 ozs. Wheat ata | . 4 oz,
- . 4‘ ] vmblﬂ . = ﬂ BT

"Beiefcted i'rom each nf these t:wn clm at the

1
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placed on accurately weighed diets given as above for classes A and B, and the
amount of nifrogen undergoing metabolism estimated. The fizures obfained will
show that practical identical amounts of nitrogen were absorbed from the diet
& of class A during the different periods, and from that of class.B duving the
T differents periods; thus again proving that the level of nitrogenous meta-
g bolism is dependent on the quantity of absorbable profein offered in a diet,
» and not affected, at least to any creat extent, by the time during which an
individual has been on that diet.

The work done in estimating the degree of nitrogenous metabolism
i present during these periods also shows how very marked an influence a
diminution in the quantity of rice and dal and a sybstitution for them of a
certain amount of wheat ata or fish, has in raising the relative and actual
percentage of protein absorption.

: We shall first give an account of this work and then analyse the ficures
>, - collected to show the effects of the diets.

Puri Jail.

Investigations to establish the level of ];rut.ain metabolism at the beginning and at the
s end of the six months’ experiment: the two classes A and B of prisoners having
been kept on fheir respective diets continuously during the whole period.

- TABLE XXIIa.

Class A.
a L
R N Diet.
s Five Ooriya prisoners obserced over five consecutive days.

- .IHPcﬂ [, January 1909, Country rice 2 G : . ! 20 ozs.
=9 = “i‘ * MrepaRl il U a
Rt "l K n i Fish . . . . . ’ s

Lo Vegetables : 6

L]

Tﬂtal nitrogenous metabolism = 240 l.'l]‘.frm
=T73:69 per cent. of the total N diet.
=960 grms. N. per man daily.

Country rice . . . - . 1B ozs.
‘ N . . Lﬁxﬂﬂ dﬂulﬂ - - ® - . * a3
TN Fish . - : 3 : ; - e
. . el

Vagatablie & .
e Total nitrogenons metabolism = 23813
= ‘ﬂ'ﬁigrmu of N. per man daily.

= 7599 per cent. of the total N. o the disk
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i Class B. .
Diet.
15t Period, Januasy 1909, Country rice . . . . 20 ozs.
Mixed dals ; £ s
‘\:i'hmt ata . . : A
5 ezetables , e e
Total N. of intake=296:30 grms. Total nitrogenous metabolism=20470 gm’m
- = G900 p. e. of the total N. of the diet.
e = 519 grms. of N. 1;-er man daily.
Zud Period, July 1909, Country rice . .« 18 ozs.
F Mixed dals : ; : R
Wheat ata " . . . 4 EE)
; Vegetables - i
Total N, of inlake=29¢-30 grms. Total nitrogenons metabolism =20378 grms.

= 6377 per cent. of total N. of diet.
= 515 grms. of N. per man daily.

Collating these results we find—
(i) With the fish diel an average metabolism of nitvozen of about 95
grammes per man daily ;
(ii) With the ata diet an average metabolism of nitvogen of about §°1
grammes per man daily ;
which is to be contrasted with the degree of nitrogenous metabolism atfained
on the ordinary jail diet, and which we have seen to be, for Puri prisoners, 74
grms, per man daily. Further, the percentage absorption of proteimis greatly
increased by the change, ziz., from 50 per cent. to quite 74 per cent. with the
fish diet and fo 69 per cent. with the wheat ata diet.
We therefore see that the level of nifrogen exchange can he greatly raised
and the percentage of protein absorption immensely increased by a very simple
i change in the ordinary jail diet, and that, by the change that we have suggested
e *  a good deal of the excessive carbohydrate of the jail diet will be got rid of
i ' at the same time.

. W e shall now e xamine the evidence we have heen able to collect as to the
P effect of these dietary changes on the health and general well-being of the
S 2 prisoners under observation. '

The first effect of the reduction of the bulk of the diet was to cause a
certain amount of grumbling on the part of the prisoners, particularly those in
‘class A, on the fish diet. This went on for a few days but in a very short time
t]mst,nm.aeh became accustomed to the diminished bulk and the feeling of
‘emptiness complained of disappeared. This is all the more remarkable in
mraa:asth&;r ave the only people we have come across who are able to
consistently the full jail ration. Those in class B, on the wheat ata

o Plg.mﬂ muoh, probably on the whole dess than they do on the
Eghg period of the experiment was too short to draw any conclu-
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"&ﬁna from the incidence of sickness. There were very few cases of sickuess
serions enouzh to call for admission into hospital amongst the prisoners in
either class, Thus in the return for 1903 with an average daily strength of
174:59 there were 92 admissions into hospital, while during the six months
the prisonars were on these modified diets the total adnission infto hospital
were on a very much lower scale. While this is statisfactory, so far as if

much from year to year quite independent of the diet. .

The only means of contrasting the results of the change that gives any real
. measure of comparison is its effects on the body-weight, and even this is apt to

-7 be fallacious. If the special diets had only been given to prisoners newly
admitted and their effects on the body-weight noted, a comparison with the
results of former years wonld have bheen of value; but we had to place the
total prisoners of the jail on the diets and the number of new admissions was
too small to afford conclusive evidence.

: y It is well-known that prisoners on first admission inerease in body-weight
' to a very marked extent.

Thus the percentage of those who increased in weight during the year 1907
was 58 and in 1908 was 53'S in the jails of Bengal. 1In 1908, 62 per cent. of
the prlsnnars in Puri jail increased in body-weight.

We have by a comparison with these fizores a means of measuring the
results obtained from the change of diet.

2 Class A.
5 Fieh Diet.

° (i). Total prisoners on this diet for a period up to one month=165,

® OF these 94 increasad in weizhit by an average of 2:6 Ihs.
e N = » 19 1bs,
- . s 16 remained stationary.
e =506 per cent. gained in body-weight. :
. (ii). Total prisoners on this diet for a period up to two months=10..
~ Of these 64 increased in weight by an average of 3:6 lhs.
= i 19 decreased 1 3 " s 271 Ibs.
» n 21 remained stationary.
T _ L & =01 per cent. gained in body-weight. 4
AN - (iii). Total prisoners on this dict for a period exceeding two months=31.
Ay T A of ﬁ,hosuzu increased in weight by an average of 43 Ibs.
: e ,’g ;ﬂ_l-' ﬁ mﬁﬂ. 2 LT 1) 1 E 0 [bﬂ-
- il mmmadshtmmy .
R =04 per cent. gained in body-weight.

riod during which prisoners are retained in a small

L.

‘ goes, no conclusions can be drawn from it, as the sickness rates vary very
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weight is qaite up fo the average even when the total bulk of the jail diet is
considerably diminished by a decrease of 8 ozs. in the amount of rice, 2 ozs. in
the amount of dal—but when 4 ozs, of fish is added to the daily ration. This is *
strong evidence that the new diet is sufficient and meets all the physiological re-
quirements of the body. We know that the level of nitrogenous exchanges is
very greatly raised, the excessive carbohydrate element lavgely curtailed and the
percentage of nitrogenous residue in the howel much deereased by the substitu-
“tion of a diet of this i ype for that laid down in the Jail Code; the whole ten-
dency of the recent researches on metabolism is to show that these ave the ends
to be aimed at in the framing of diet scales which are based on proper physio-
logical and rational principles.

Class B.
Wheat dta Diet,

(i). Total prisoners on this diet for a period up to one month=240.
Of these 138 increased in weight by an average of 26 1bs.

55 decreased ,, iy o a5 19 1bs.

47 remained stafionary.
=257 per cent, zained in body-weight.

(i1). Total prisoners on this diet for a period up to two months=99.

Of these 60 increased in weight by an average of 42 lbs. o
22 decrensed ,, T | i 25 270 1bs,
17 remained statiomary.

= 60 per cent. gained in ho:]_'l.'-weight.

(iii). Total prisoners on this diet for a period exceeding two months=25.
Of these 16 increased th body-weight by an average of 45 lbs.
5 decreased ,, 1 B on 3 » 26 lbs.

4 remained stationary.
=64 per cent. gained in body-weight.

These results show that with a diet in which 4 ozs. of wheat ata replaces 8 ozs.
of rice and 2 ozs. of dal of the ordinary jail diet, the percentage of prisoners who
gain in body-weight is actually higher than is found tg be the case on the jail diet.

Summary.—We may conclude from the evidence obtained from the Puri
experiment that a diminution in the bulk of the present .type of dief is
urgently called for, and that by the substitution of a more assimilable form of
protein’ in the form of fish or wheat ata for the excess of rice and dal, the general
well-heing and physical condition of the prisoners will be increased and placed
on a higher level. The results also show that a change in the dietary, such
as we have suggested, can be quite simply and easily carried ouf, and that, in
a very short time, the early feeling of emptiness complained of passes away,
the dilatation of the stomach so commonly met with in a rice-eating people

becoming distinetly diminished.

EE] a2
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; CHAPTER 1V.

The effect ¢f the large quantity of salt given in Bengal Jails dietaries.

The quantity of salt given in the diet scales of Bengal jails is J&th of ay
ounce which, when added to the salt contained inthe food materials, brings the
total up to well over an ounce or about 30 grms. of salt in the daily diet. It will
be readily admitted that this is an excessive quantity and muech beyvond the
physiological needs of the body.

Von Noorden states that probably the presence of as little as 3 or 4 grammes
of salt in the daily diet is a sufficient protection against the loss of chlorine ; and,
so long as the chlorine supply does not fall below this, the decrease in the

- amount excreted in the urine will correspond to the diminished intake by the

mouth. In recent years, due mainly to the researche. of Widal, the question of
salt in the diet has become a very important one, more particularly in connection
with the causation of eedema from kidney disease, disturbances of the circulation,
.and even cirrhosis of the liver. Tt is generally admitted that by controlling the
proportion of sodium chloride in the diet, the cedema of Bright’s disease can be
made to appear and disappear—a dechlorinated diet causing the cedema to
disappear in a comparatively short period. At the recent German Medical
Congress, on the discussion of Widal’s paper it was conceded by all that
the symptoms of anasarca are due to retention of chlorides in the tissues.
Further, Dr. Magnus-Levy pointed out that, although the anasarca caused
by cardiac disease and cirrhosis of the liver is of a mechanical nature, and not
due to any impermeability of the kidneys to chlorides, he found that in these
conditions also a dechlorinated diet has the effect of reducirg the dropsy.
Mendel in & most instryetive paper on ‘‘ Salt-poor Diet as a Systematic
methed of treatment *° published in the Miinchener medizinische Wochenschrift,
March 1909, discusses this subject in the light of recent experimental researches.
He shows that even normal amounts of salt in the diet increase the fluid in the
body from 1°5 to 3 litres, and that an excessive intake of salt may entail retention
of salt and water even in healthy individuals with sound kidneys. The healthy
organism tolerates this excessive amount of fluid without much sign of disturbance,
but there is transudation and exudation whenever the vessels are damaged from
any cause. The effects of hydremic plethora, from salt acnumu]a_.ting with its
accompanying water, is shown to be peculiarly striking in various skin and serous
affections, especially ininflammations accompanied by exudations of serum through
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the altered vessels. He finds that retention of salt and water not only alters the
clinical picture of inflammation, but has a more or less injurious influence on its

course. If the serous membranes are involved in the inlammation there is greatly
increased ef‘iusmn.

Ll

In inflammation generally the effusion is reabsorbed the more rapidly the
less the salt taken in the food. The reduced proportion of salt le ads to a power -
“ful osmotic current from the tissues out into the blood and increases the diuresis, «
whmh further reduces the pressure in the interstices of the tissues, and this in turn
favours reabsorption of the morbid effusion. Mendel deseribes striking cases to
show how the course of a burn can thus be modified, also eczema, epididymitis,
joint affections, venous thrombosis and arterio-sclerosis.

The whole bearing of the results of recent research on the salt question is to
show that, when given in quantities above the physiological limits, salt is retained
in the tissues ; and, as it cannot be retained as crystals of sodium chloride, but
only in a more or less isotonic solution, water to form that solution must also .
be retained in proportion to the amount of salt stored up in the body. The result
18 a mors watery condition of the tissues of the body and, therefore, an lncrease
in body-weight. Marey and Widal’s experiments have clearly demonstrated these
results in healthy individuals whose kidneys were quite permeable to chlorides.
Now, solong as the tissues are healthy and uninjured no sign of this water-logged

. condition appears beyond the increase in body-weight ; but, if for any reason
injury is received, no matter what form of injury it may be—the water-logged
tissues react to a much greater degree than would normal healthy tissues. If,
at the same time, the kidneys are diseased the hydreemic plethora results in
@dema, but long before any wvisible signs of cwdema appear careful daily
weighing will reveal a steady gain inbody-weight. Much ~work has now been -~
recorded showing the marked antiphlogistic and absorbent action of a salt-poor
diet, and the favourable influence exerted on acute inflammatory processes by
limiting the salt intake to as great an extent as possible.

We refer to these researches to show that the gquantity of salt given in the ’
daily food is not a matter of little importance but, on the contrary, that it may
influence in a very unfavourable manner the ordinary ailments or diseases pre-
valent amongst the prisoners of Bengal jails. Thisis a side of the question we
have had no opportunity of studying, but there is little doubt that careful ob- »
servation would confirm the clsims of Widal, Marey and Mendel and extend the
list of morbid conditions in which limitation of the salt intake forms a most useful
adjunct fo the ordinary methods of treatment.

We shall now deal with our investigations on the effects of the large salt
intake sanctioned for the prisoners of the jails of Bengal.
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It may be accepted with regard te salt metabolism that, like protein, its level
is determined by supply—with this difference that, whereas protein may be very |'
defectively absorbed, salt is under ordinary circumstances almost completely ab-
sorbed by the intestinal tract. There is a widespread belief that,«in consequence
of man’s<habit of consuming an extravagant amount of salt, a certain superfluity
of it remains in the body. How large this excess from salt consumed may be is

¢ best seen from investigations in which its disappearance can be traced, as in
fasting or in abstinence from sodium chloride alone.!

From observations on professional fasters who, previous to the period of
fasting, had contented themselves with moderate quantities of common sali—about
10 grammes daily—the amount of salt given off by the body during the fast was
estimated at 17 or 18 grammes. It has not been absolutely determined whether |
larger amounts are amassed in the body in cases where salt is taken in larger quan- : :
tities—20 to 25 grammes. Itis very probable, however, that suchis the case. The
effect of placing an animal on large quantities of sodium chloride has been shown
to cause an increase of body-weight, which can only be explained by a retention of
water in sufficient quantity to dilute the salt retained to a solution isotonie with
the fluids of the body. The opposite holds true to an even greater extent; for,
| while salt equilibrium may become established so quickly onincreasing the amount
| « of salt that no, or only a slight, increase in body-weight results, the effect of de-
creasing or stopping salt altogether is to cause at once a loss in body-weight which
is greater than can be accounted for by loss of flesh, and is due to water being lost : |
together with the sodium chloride. *That is, when the administration of salt is i
largely decreased or stopped the excretion of chlorides in the urine is greater
than the salt intake so that the body becomes poorer in salt, and less water is '
required to maintain the isotonicity of its solution: the body-weight therefore |'
falls. 4 ?‘

We shall consider the effects of the large sodium chloride intake of the pri-
soners on body-weight, diuresis and number of red blood corpuscles. We shall ‘
also give some observations on the effect of the large salt infake on ifs elimina-

. tion by the fwces and skin.

" Investigations to determine the eff:cts of large quantities of salt on:—
(#) The amount of chlorides passed in the urine.
R = 3 G s et A
[ﬁf} 11 ” 1 " i3 i s Bwest.
. (tv) The body-weight.
o (v) The total amount of vrine passed.
(vi) The number of red blood corpuscles. , ,

¥ £ £ _— —

’  Von Noorden, The Physiology of metahalism
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.;-' - | 1. Tha effects of a sudden decrease in the amount of salt in the diet- The unit

‘worked with was five prisoners ; the urine and feces were collected and pnuled

TABLE XXIII.

Five Ooriya prisoners observed for fifteen consecutive days.

| i | Chlorides of
Wy Ve | sweat=diffor-
Tota : : R. ence of total
Chlorides | Chlorides = W eight Salt |
Bateh A, | quantity Ll average s | intake and
: by ey | of urive. | of fmees. | of pris. ' "count. intake, | output in
* I uring aocd
! i | f | e
¥ 1 —— i - b | —
| |
| A F | LI, grms. lha | | « grmn, Average per
| i

{ ! man daily,

oY
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What do we find from this investigation ? ¢
+

With.practically 20 grms. of salt per man daily :—

() 86 per cent. is absorbed and passed out in the wrine.
(¥2) 2:4 per cent. is unabsorbed and passes out in the fwces.

-

3 (¢#7) 11'6 per cent. is absorbed and passed out in the sweat,
(tv) average body-weight = 9731 lbs. 4
(v) average quantity of urine passed = 1,840 c. . per man daily.
o (v2) number of corpuseles = 4,790,000 (average).
2 With 6'5 grms. of salt per man daily : -

(i) 934 per cent. is absorbed and passed out in the urine.
% . (¢3) 6°6 per cent. is unabsorbed and passes out in fmees.

(#i7) 2'8 per cent. is derived from the excess of salt stored in the body.

(tv) average body-weight = 954 1bs.

(v) average quantity of urine passed = 1,401 c.c. per man daily. 43
» (vt) number of corpuscles = 4.734.000,

That is, with the same bateh of men on the same diet throughout the whole
G experiment, the effects of reducing the quantity of salt from 20 to 65 grms. per
A ~man daily were :— :

™ E (¢) to cause o distinet fall in body-weight from an average of 973 to
El =S 054 1bs.,
| (i) to decrease the average amount of urine passed from 1,840 c.c. to
Py ' 1,401 c.c. per man daily.

Other points brought out in this investigation are : —

«. (ﬁf} The very high percentage of salt absorbed even when large amounts 1
mglmmthedwt thun,mthelngmmmespenﬂd no less than ’
over 97 per cent. of the total salt given was absorbed hy the



- F " g
= 17k n
: :
S " " was passed in the fmces per man daily ; with 6°5 grms. 0°43 grm.
. passed in the fmces per man daily. 3

(v) It will be noticed that a larger quantity of NaCl was eliminated in the
urine and faces than was present in the intake during ﬂw period
that the prisoners were getting 6'5 grms. daily. The excess derived
from the salt stored in the body, over the four days We have taken

- into consideration, is very small—only 3'89 grms. for the batch of five
men, or 0'78 grm. per man, However, if we take the * transition
day *>—the period before salt equilibrium is established—into consi-
deration, the excess works out to 1525 grms. per man over the
five days. This excess is of course not entirely due to salt stored
up in the body, but is simply the remains of the salt from the pre-
vious day’s supply which had not vet been eliminated. We have not
taken the * transition day ’’ into our reckoning.

(vi) There is no doubt that a considerable quantity of salt is eliminated by
the perspiration in hot climates like India, In our first ‘period this
formed 11°6 per cent. of the total, or 2'37 grms. per man daily;in
the second period it was not possible to caleulate the amount eli-
minated by the sweat as the total intake of salt was not sufficient to
maintain salt equilibrium. Itishighly probable that the quantity
of salt got rid of by the skin depends on the total amount of the salt

.intake. When this is considerable thirst is raised, and the inges-
tion of large quantities of water increases the action of the skin;
under the opposite conditions the skin does not act so freely, and
therefore smaller quantities of salt will be excreted by it.

(vit) The enumeration of the red blood corpuscles shows a decrease with the
decrease in the salt intake. This decrease we did not expect, and
it is at variance with our results obtained from experiment on
animals in the laboratory, where the conditions were more under
control than in the jails. Further, the imit of error in blood counting °

: is high—quite up to 5 per cent., and the count involyes a great deal
of labour when batches of five men are made use of. The method
we prefer, and the one made use of in the laboratory is by means
of the high-speed electric he@matocrite, to determine the percentage
volume of the corpuscles under different conditions of salt intake,
This we found impossible to carry out in the jails visited. Further
work will be necessary on the question whether the intake of salt
causes an increase or decrease in the number of the blood corpuscle
before any definite statement can be made.
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2. The éffects of a gradual decrease in'the amount of salt in the diet.
“  Five Ooriya prisoners observed during fifteen consecutive days.

L

|
Potal | Chlorides | o oo | | B.B.C | ST T P
. x : Chlorides | Weight | ™= Salt Uliorides of
Batdlol. | ?;;.nf:i::'{ Ofrie. of fwees, | of pfis. i '*:J;::'-"l“ | intake. awoid.
i b ' v
0.0, | grms. grms. I I, | £rmB, ETIE,
| | | Aveorage per
| | | men dhiily.
I i
r 8070 [ 8900 : 36 | 9887 ] 9071 |“
| ' ! |
10,100 | 91-00 363 us-sL | 9971 ||
Five prisoners, * 4,550,000 |4 L 2:51
Ooriayas. 0,020 | 8D 275 | us-s| | wn ||
- 8,180 Th-54 -6y | 087 | L 9971 [
| i |
(| 8130 | 6280 | 231 | s:ﬁ“} !4'“ 788 |
| [ 1 |
9,190 6249 | 380 | 979l | 1738 ||
Do o | ¢ 4,570,000 |4 * =109
8,880 6212 | 302 9"£|E. | 738
| i | | '
L §550 | 7258 | 326 98-1) (L 738 |]
| e
; 8,300 | 446 36 | 07 {T ( 492 N
6610 | 4627 | 314 | 978 | ! 492 |
Do- | i L 4,520,000 | |5 =041
8,000 | 4316 202 ‘| 977 '|! i 192 || grm
| |
7,500 I 4320 216 ‘ 9751 L o492 (]
| |

What do we learn from this investigation ?
With practicdlly 20 grms. of salt daily per man:—
(3) 84°5 per cent, is absorbed and passed out in the urine.
(#) 25 per cent. is unabsorbed and passed out in the fmces.
(#i1) 13°0 per cent. is absorbed and eliminated in the sweat.
(iv) average body-weight = 98°8 Ibs.
(v) average quantity of urine passed = 1,816 c.c.
(vi) average number of r.b.c. = 4,550,000.
With 14'76 grms. of salt per man daily :—
(#) 881 per cent. of the salf is absorbed and passed out in urine,
(%) 4°2°per cent. is unabsorbed and passed out in the fwmces.
(44i) 7°7 per cent. is absorbed and eliminated in the sweat.
(¢v) average body-weight=97"9 lbs.
(v) average quantity of urine passed=1,740 c.c.
(v4) average number of r.b.c.=4,570,000.

— i i
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With practically 10 grms. of salt per man daily :—

() 90 per cent. of the salt is absorbed and passed out in the wrine!

(i) 5°3 per cent. is unabsorbed and passed out in the fmces.
(#7%) 4°T per cent. is absorbed and passed out in the sweat.
(tv) average body-weight=97"7 lbs,

(v) average quantity of urine passed=1,225 c.c.

(vi) average number of r.h.c.=4,520,000.
Fhese results are very similar in type to those recorded in (1) of this table,
but are more g:taduall} obtained. There oceurred a gradual fall in body- weight
and a decrease in the amount of urine secrcted after each successive decrease
in the quantity of salt given in the dietaric:.

The same constant quantities of salt are eliminated by the bowel : in the three
sets of observations these were 0051, 062 and 052 grm. per man daily, from
which it would appear probable that practically all the'added salt of the diet is
absorbed, and that the salt passed in the faces is derived from that contained in
the constituents of the diet, i.e., from the undigested food materials.

These observations also bring out the gradual drop in the amount of salt
eliminated by the skin as the quantity ingested is decreased. Thus with the
diminishing quantities of salt our table shows 2'51, 1°09 and 041 grms. per man
daily as the amount unaccounted for in the urine and fices. This result is yvery
similar to that shown in (1) of this table.

3. The effects of decreasing and increasing the amount of salt in the diet,
Five Ooriya prisoners observed during fifeen days.

( [ |
Total | . eq o s L REBC - ;
.. | Chlorides | Chlorides | Weight s It Chlorides of
Batnhﬂ.‘. %‘ﬁ:ﬁgg | of urine. | of feces. | of pris. | t"ﬂ‘:ﬁﬁe : iﬁakc. swentb,
. *i . ) £
e.0, ( grme: | grms; | Ibe. | grms, grms,
' | Averngo per
i i [ man daily,
D150 | 8552 3686 | 980 90471
8220 | 10118 | 133 | 086() 3420000 () 9971 || =ogg
i 8340 | 6355 | .13 988 | | 0071 n
maﬂmﬂ-';fm 8920 | 8336 134 | 987 | 6971
6800 | 4500 | 168 | 981 574
5 7,900 | 5846 | 242 083 [ | 3,450,000 ﬂ' 574
Do ‘ 7,430 4532 | 240 ‘ 034 { t | 080
6,540 tI 5428 | 238 084 | 574- grm,
7000 | 5950 | 206 98- I e
( 6,370 | 60-8C | 155 98-6 1\ 6an
Do - 4| 6500 ;| 6lO0 | 236 98-6  B533,000 ¢ €56 104
| 6,000 } 5500 | 280 987 I - 6o-6 | Erms,
6,800 ! 6240 | 334 | 9g8/)| ‘ 056G ¥
o L| : ! ; i |
L L

s |

o
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What do we learn from this mvestiwn'tion ?
With practically 20 grms. of salt per man d ily :
(?) 83°6 per cent. of the salt is absorbed and p: l:.hu.l out in: the urine.

(¥)41'8 per cent. of the salt is unabsorbed and passed out in the fwces.

(477) 14 per cent. of the salt is absorbed and passed out in the sweat.

(1) average body-weight=98"7 Ibs.

(v) average quantity of urine=1,731 c.c.

(1) average number of corpuscles=3,420,000.

Practically with 11'5 grms. of salt per man daily :—

(¥) 88'5 per cent. of the salt is absorbed and passed out in the urine.

(#9) 4'0 per cent. of the salt is unabsorbed and passed out in the feces.

(¥%) 7'5 per cent. of the salt is absorbed and passed out in the sweat.

(1) average body-weight=98'3 Ibs,

(v) average quantity of urine passed=1,438 c.c.

(vt) average number of r.b.c.=3.,450,000.

Practically with 13 grms. of salt per man daily :—

(¢) 88'0 per cent. of the salt is absorbed and passed out in the urine.

(#) 42 per cent. of the salt is unabsorbed and passed out in the famces.

(#22) 7'8 per cent. of the salt is absorbed and passed out in the sweat.

(iv) average body-weight=98"61bs.

(v) average quantity of urine=1,307 c.c.

(vé) average number of r.b.c.=3,533,000.

These results confirm what we have already found in investigations (1) and (2)
except for a deficiency in the quantity of urine with 13 grms. of salt in the diet.
However, we have made hundreds of other experiments on this effect of salt, and
the evidence is very strongly in favour of an increase of salt being followed by an
increase in thie quantity of urine passed.

We may sum up the conclusions arrived at from these observations by saying :—

(1) The evidence is strong that a large ingestion of salt in the diet entails
an increase in the body-weight, an increase in the quantity of urine
secreted, and a marked increase in the amount of salt eliminated by
the skin.

(2) The quantity of chlorides passed in the fzces is very constant, and bears
no relation to the total intake of salt in the food ; it, in all proba-
bility, varies with the percentage of the food-stufls that passes out
unabsorbed ; so that, in those experiments where the same focds

in the same quantities were given throughout, the salt in the famces

is practically constant. It i8' a very small amount—only about 0°5

grm. per man daily.
2a
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(3) Practically complete absorption of the added salt takes place “whether the
amount is large or small. » 2

(4) The results obtained from the enumeration of the r.b.c. are disappoint-
ing and colourless—the variations shown are within the limits of
experimental error. g

(5) The fact that as the quantity of salt ingested increases the skin has to

- be called more and more into action in order o assist in its elimina-

tion, points to large quantities of salt being unnecessary, and more
than can be easily got rid of by the kidneys. The rational indication
would therefore appear to be to give the amount of salt which the
kidneys are best able to deal with, and which throws no great strain
on them.

Our results show :—

With 20 grms. added to diet there is eliminated by
the skin - : . -

With 14'76 grms. added to diet there is eliminated
by the skin . i 2 : - .

With 13:00 grms. added to diet there is eliminated
by the kin . : - - - : 17 SRS T S

With 1150 grms. added to diet there is eliminated

258 grms. per man daily.

lﬂg o "

b}" the skin . = . - B " 086 33 ¥ ET I T
With 1000 grms. added to diet there is eliminated
bj.'t-he- gkin: . 041 rr £ I |

With 650 grms. added to diet the total excreted
is greater than intake.

Qo far asthese observations go, therefore, we see thaj; 6°5 grms. per man
dailyis too small a quantity, at least when the amount of salt is suddenly reduced
from 20 to 65 grms. daily. The addition of 10 grms. of salt to the daily diet
shows the lowest elimination by the skin and would therefore mean, if our deduction
is correct, that the kidneys are easily able to deal with that amount without
falling back to any great extent on the assistance of the skin.

With regard to the optimum excretion of NaClL by the skin we have “exceed-
ingly little information. Crammer! states that in severe muscular work with
much perspiration it may amount to 1'6 to 2'2 grms. during the day. So far as
we are aware there has been no work done on salt metabolism from this point of
view ; so that we must be guided entirely by what we have found to be the case.

If we accept anything like the usual figures given for the amount of fluid lost
by the skin and the percentage of salt it is stated tg contain—1000 c.c. of sweat
containigg 0°5 per cent. NaCl —it would mean a much larger amount of salt lost
s 1 Crammer : Ueber die Beziehungen der Kleijung zur Hauttatigkeit, 1800,

P——
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per day than Crammer was able to find gr than we have shown in the above inves-
tigations : for the very moderate figures taken it would be 5 grms. of NaCl daily.
This, we consider, is an impossibility unless the NaCl is reabsorbed by the skin as
evaporation of the sweat—invisible and visible—takes place. At gll events our
figures shaw that nothing like so much can haye been excreted from the body by
the skin in the case of the prisoners investigated.

In order to get some light on this point we carried out a few experiments to
obtain the amount of salt excreted by the skin when profuse perspiration was
present. i

A man was thoroughly washed with soap and water and finally with distilled
water ; his loin cloth was similarly treated. He was then placed in a warm bath
of distilled water and given hard work to cause sweating. The sweat was con-
tinually washed off into the bath, so that little or none of the salt could have been
reabsorbed. The results showed that there was only a very trifling amount of
NaCl excreted in the perspiration during the period he was under observation.
This man, however, was only taking an moderate amount of salt—about 10
orms.—in his daily food. We may, therefore, conclude that under normal condi-
tions an excretion of 2 grms. of NaCl by the skin is a large amount and a good deal
beyond the ayerage excretion.

5 We have further given proof that, under ordinary conditions of work and

perspirations the amount excreted by the skin varies directly with the total salt
intake ; and, with an intake of 20 grms. the amount eliminated by the skin is
decidedly greater than Crammer found in severe muscular labour with profuse
perspiration. We are, therefore, driven. to the conclusion that 20 grms. of salt,
from this point of view alone, is far beyond the amount the kidneys care to deal

with.
Tt is quite evidént from the investigations recorded that an addition of 10 to

12 grms. of 1NaCl in the daily diet provides all thatis necessary for physio-
logical needs, and that anything beyond this amount only causes a retention of
fluids within the body with a fictitious advance in body-weight, thirst and diuresis.
Bearing in mind what this means in the light of the researches of Widal, Marey
and Mendel, that the ingestion of quantities of salt beyond what is necessary 1s not
to the welfare of the body but much to the contrary, we would, therefore, recom-
mend a reduction of the quantity sanctioned for prison diet scales from the present
95'4 grms. of added salt in the diet to at most 15 grms. of pure NaCl. This
quantity is really much more than 1s necessary; however, with a purely
vegetahie diet more salt is required than in European diet scales.

We stipulate pure NaCl, as the salt in use in some of the jails is by no means
ure. In Puri jail the material given contains only 84 per cent. of salt, and where

country salt is used this statement holds good to a greater or lesser degree.
2a2
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4 Wenow give an account of some abservations carried out on fwo of the . e
ﬁm&ﬂ assistants engaged on these investigations, in order to determine the |
Gﬁeﬂtﬂ of varying the salt intake on the body-weight, and on the amounts of E
No. 1 AssisTanT. No. Il Asspstaxt, : |
| e | Qutret| g, | koot | Doyt | quny | | oo |
{' - e | = == —
co, Lbs. Grms, .0 | Lbs. Grms, i
|| Bt 1,420 127 20 1 1360 | 1545 25
2 1,610 126:5 20 2 1,000 1545 23 -
4 1,410 127 20 3 1,300 330 a5
s 1220 | 1265 T A 1400 | 15se 25 -8 .M
5 1,700 128 By 5 2,100 154 25 i |
6 1,470 127 2) 6 . Nil
(i 1,380 265 20 7 1,080 153 ,, ’
8 % | : Xit 8 1,060 150 3 : 1
g 880 1235 T et 1210 | 181 © = [
10 800 123 A 10 720 151 o o ab E
11 780 123 . 11 790 152 . ” ;
12 900 12275 i 12 1,560 153 15
1,280 15
1,540 15
1,540 154 15 '
1,710 20
® 1,550 i 20 g

Average daily  Ave
uring o.c. wa;;gt-__]hn.

"

ed to his diet . . 1471 126:93 | o
e . . . Biﬂ 123‘[]-& " 5 Ni
_lﬂﬂﬂ_ . 12362

- 1668 15422
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These .observations were most carsfully carried out and are absolutely reliable.
They confirm the results already obtained from work on prisoners. Another
point of importance noted was that both Assistants got diarrhcea when 20 and 15
grms. of NaCl were added to their diet. Large quantities of salt have a well-
known t@ndency to hurry on the food materials by increasing peristalsis of the
bowel. Thie in itself is an indication for the cutting down of the very excessive
quantity.of salt given in the jail diets—25 grm

(4r]

b. Investigations on five Bengali prisoners as to the elimination of salt
when the quantities of Burma rice and Mung dal varied in each diet.

Diet L.
Burma rice : . : : : - . 26 ozs. E
¢ observed for four days.
Mung dal . ’ - . : : : o
Total intake of salt = 435'00 grms.
Output in urine . : . - : . . 41445 grms. =854 per cent.
s In feces:. ¢ ; i : i s S s =0 o

leaving 12'4 per cent. eliminated in sweat or 2'98 grms. per man daily.
This corresponds with the results obtained on a similar diet in Puri Jail
giving an average of 0'54 grm. in the fwces. '

Diet L1
Burma rice ) h 16 ozs.
% pbzerved for six da}'s.
Mung dal . : . : . . . . B4 5
Total intake of salt = 718'10 grms.
Output in urine . : : - - . 63235 grms.=—88 06 per cent.
- in feces . : : ; : : e hadh el T 3

leaving 824 per cent. eliminated in the sweat.
This meahs 0°88 grm. NaCl per man daily in the fmces, a higher figure than

1s usually obtained.

Diet II1.

Burma rice : ] . 4 . . . 92ozs, )
j observed for six days.

Mung dal . i A . A : : L
Total intake of salt =638 10 grmg.
Output in urine . L : : - . . DH3625 grms.= 8404 per cent.

1] ill i:laﬁ.'ﬂi ® . . - - * - 11-_1[. i% - 1.78 3%

leaving 14°18 per cent. to be eliminated in sweat.
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This means that 0'38 grm. NaCl per mou daily is passed in the fmces, a lower
figure than is usually obtained.

Our reasons for giving this series are the increase in the amount of salt
passed in the facces when the dal is increased, and the diminished amount of salt pre-

sent when the amount of dal is decreased. We found underthe ordinary conditions
of jail diet that the amount of salt appearing in the freces was practically constant

at 0'5 grm. per man daily ; we now find that by varying the amount of dal in the

diet & corresponding variation takes place in the elimination of salt in the fxces.
This would appear to show that the salt of the faces is largely derived from the dal
in diets of the Lower Bengal type, and that dal is, therefore, less thoroughly digest-
ed and broken up than the other constituents of the diet.

A great many investigations besides those referred to have been made on the
effects of increasing and decreasing the amount of salt in the daily food of prisoners ;
in fact, the estimations of the chlorides in the excreta were made in all the meta-
bolism experiments. Nothing save the points already brought out in the examples
we have given is at present evident.

One fact with recard to the Behari type of diet we may mention, viz., that the
amount of salt passed in the feeces is higher than in the diets of Lower Bengal,
being nearly 1 grm. per man daily. This we would expect from the larger amount
of salt contained in wheat and maize than in rice, and the greater actual amount
of the diet that is unabsorbed and passed in the freces. The outstanding features
of the results of these investigations on salt metabolism are the very high degree
of absorption of salt that does occur, and the comparatively small amount found
in the intestinal excreta.

In Chart XV we give in graphic form the effects of varying the quantity of
salt in the diet on the amount of salt eliminated by the skin, the quantity of urine

excreted, and on the percentage body-weight.

- o—
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CHAPTER V,

Some side-issues of the investigation.

L ¥

1. The relationship, if any, that exists between the amount of urine passed and
the quantity of rice in the diet.

A comparison of the urine excreted on different amounts of rice in the diets is
only given when the conditions that obtained were, as far as possible, the same.
The observations were carried out at the same time of the year when the tempera-
ture, humidity, etec., were fairly constant. The quantity of the salt given in the
diet was always identical.

-
(a) PresipeExcy Jarn, CALcuTrTA.
(i).—ZFive prisoners under observation for seventeen days.
1st period of five days. Per man daily, Remarks.
Dier—
- Burma rice . : «  26.0zs.
Monaddsl | - 6 Urine 1760 c.c. Salt in diet a little
L=11 - r . n
higher than usual.
. 2od period of six days.
Dier—
108 - . . 16 ozs. i s 2
Hanboy S } Urine 1573 c.c. Ditto.
Mung dal 2 4 Lo
= Jrd period of six days.
DieT—
- Burmarice a - : . S22ozs. } Urine 1958 Salt | it
rimne S0 C.C. el T 1S WALV .
- . Mung dal . y ! B T : q Y
These three results were obtained in August 1908, when the humidity was high and
the variations of temperature and humidity small. If we neglect the action of
the dal they would appear to show a relationship between the quantity of rice
i and the amount of urine excreted.
(i1).—Five Bengali prisoners under observation for twenty-two days.
1st period of twelve days. Per man daily. Remarks. -
Dier—
ice 24 ozs.
a - i T1C " . R Lt i e :
L x : } Urine 1726 c.c.  Salt usual quantity.
- Mottar and Massur dals o B
2nd period of ten days.
= y DieT— :
Burma rice : : . 20 ozs. } .
1 Urine 1632 c.c. Ditto.
Mottar and Massur dals o )
®183
I
I " ;




EL

"

______

184 v

These observations were made in Octobér 1908 while it was still sultry, and
they again show a decrease in the amount of urine passed when the quantity of
Tice in the diet was lessened. :

(i%i).—Ten Bengali prisoners under observation for fifteen days."

1st period of five days, Per man daily. Remarks.
. Digr—
*Burma rice PP | Wi B Iy :
Massur and Arhar dals b s } Urine 2514 c.c.  Salt usual quantity.
2nd period of five days.
Dier—
Burma rice : ; e e :
Massur and Arhar dals SR G } Urine 2545 c.c. Dicto.
drd period of five days,
Dier—
Burmazics . . . 180z 2
Massurand Arhardals . 6 |, }Uﬂ“ﬂ 1929 c.0.

~ These observations were carried out in the cold weather. The guantity of
urine passed by the prisoners is very high. While the results with a diet
containing 20 ozs. of Burma rice show practically the same quantity of urine
excreted as with 25 ozs. those with 18 ozs. exhibit a great fall.

(#0).—That the quantity of dal does not seem to cause any variation in the amount
' of urine excreted would appear from the following :—

' Ten Bengali prisoners wuder observation for ﬁﬂe&nn&aya.
18t period of five days, Per man dafly. Remarke.
- Burmarice . . . 200z

- kS

} Urine 2545 c.c. Salt usual quantity,
n

hﬂ;&wiaénfﬂwﬁ days.

"

o
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The average quantity of urine passed per day by these prisoners shows _prac-
tically no variation for different quantities of dal, so long as the salt and rice of
the diets do not change, and the climatic conditions are the same.

Note the very large amount of urine passed by these prisoners even during
the hot months of the year. From the results stated it appears probable that a
casual relationship can be traced between the amount of Burma rice in the diet and
the quantity of urine excreted.

We have only one set of observations, in which different quantities of country
rice formed part of the diets, other conditions all being identical.

(b) Purt Jarr.

Four prisoners under observation for ten days.

1st period of five days. Par man daily. Remuarks.
Dier—
gﬁl;:f]? -dr;f{l . : 3 2:: M’S } Urine 1807 c.c. Salt 17 grms. daily.
2nd period of five days.
Dier—
Country rice . ; R . .
Wissisdal . . T S | Urine 1512 c.c. Ditto,

These observations were carried out in the cold weather in January 1909,
They show a marked fall with a smaller quantity of rice, and also a far less amount
of urine excreted than was the case with prisoners, who were under much the
same climatic conditions, but were given Burma rice to eat.

(¢) Buxar JaiL.

() Frve prisoners under observation for fifteen days.

1st period of five days, Per man daily, Remarke.
~ DieT— ;

Burma rice . : . 14 o0zs.
Wheatata . : ; 10, Urine 1929 ¢.c.  Usual quantity of salt.
Mung dal . 3 e
5 2nd period of five days,

Dier—
Burma rice . - . 12 ozs.
Wheat ata st il Urine 1865 c.c.  Usual quantity of salt.
Mung dal . 5 e

drd period of five days,

Dier—
Burma rice . ot b d00ms,
Whmatata < 10 5 8 Urine 1697 oo Ditto.
Mung dal . . - 6

2B
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~* In thoSo observations the conditions were identioal, except for the varying |
- M‘ﬂ‘:lnﬁnfBurma rice. The same relationship is noticeable between the gmount .
OIIIBB and the quantity of urine excreted. Again will be evident.the large
% ‘amount of urire that these prisoners passed daily ; the work was carried out in ’
=k January 1909, 4.c., in the middle of the cold weather. s |
(‘ﬂ Reference to table XI (Buzr Jail) bears out the saine contention w'ﬁ.e;-i- the same -
".- o  batches of prisoners on varying amounts of Burma rice are taken.
Thus— .
Baren X, Tasie XI. >
Per man daily, Remarks,
Drer— .
Burmn riee, ; . 140z 4
Wheat ata . 3 < M, } Urine 1929 c.c. Usnal salt. i
ngdﬂl - 5 . ﬁ 51 ‘
Dmr— 7 b {
3 Burma rice. % . 126 ozs.
Wheatata. . . 10° ,, } Urine 1761 o.c. Ditto.
Mung dal . S
Baren Y, Tasie XL ., >
‘Burmarice . ., 120z i
. i wii:ﬁi_ﬁ B e M o } Urine 1893 c.c. Ditto.
B3 : MMEM " - < ﬁ i 1] 4
Burmarice . . ‘8oz " - 3
- Wheatata . . 10 , } Urine 1711 c.c Ditto. " 4
Bl mﬂgﬂﬂ : : E & = al
; {ﬁﬁﬂ‘ﬁgmlg batch of prisomers in Table XIV—uwhere v:zryi‘r}‘q qrantities of rice
- with makkai ata were in use—shows the sume thing. 2 s
= - (s p . 2
< * Batcr P.—Taeie XIV. $
Per man daily. Remarks, o
. 120z :

.10, ]Umeﬂﬂﬂu,u.
. Iﬁx FT : 1
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The evidence obtained from investigations on the Behar prisoners in Buxar
jail who ate Burma rice would thus appear to support the view that a relationship
exists between the amount of rice in the diet and the amount of urine passed.

(d) BEaGALPUR JAIL.

Ll

Is the evidence of the Bhagalpur results of the same nature ?

{z) On Table XVI will be found Batch I—five Behari prisoners on similar
diets, except for the varying quantities of country rice. They show the following
results :—

TABLE XVL

e ; Varying quantities of Quantity of urine
country rice, per man daily.
( Wheat ata : . 10 ozs. ( Country rice . ldozs. 1622 o
Batch 1. = Arhar dal : o B E + - ae = Al IDETGE
5 . * 5 e
f_".cgct:lh[fs - a 5 3 e T

Here is the same tendency to a diminished excretion of urine as appeared in

the other results. In this case also the amount of salt in the diets was constant

throughout,
(¢t) Table XVIII has one batch of prisoners—Batch III—in which the only

variation in the diets is in the amount of country rice. The following shows the

results :—
TABLE XVII.
oy, Cperman daly,
-‘]Iuk_i:ni ata . . 12 ozs. - ( Country rice . 14ozs. 1340c.c.
Batch III. < Arhardal . SR B G R 10 , 1280c.c.
L "ﬁ:gut':t]ﬂes 2 S j { - oy B ., 142ce.

The quantity of urine secreted by the batch when 8 ozs. of country rice was
given is higher than with the other quantities, otherwise the results point to the
same conclusion.

We may again call attention to the much lower quantity of urine passed by
the prisoners in Bhagulpur jail than was the case in Buxar ; the same observation
was made on comparing the quantities passed in Puri jail and in the Presidency
jail, Caleutta. In Puri and Bhagulpur jails country rice wasthe variety in use
whereas in the Presidency and Buxar jails Burma rice was given.

The climatic conditions were very similar so far as the investigations in Buxar
and Bhagalpur jails are concerned, both jails being under investigation during the
months of January and February 1909 when the air was dry and the temper-

ature quite low for India.
ip
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; From these observations it would appar probable that a larger quantity of
urine is secreted when the intake of rice is high than when it is low. What the
cause is—beyond the mere fluid taken in with the rice—it is difficult to say.
If the cause were only the amount of fluid taken in with the cooked rice and the
water capable of being formed from the constituents of rice, we should expect less
fluids to be drunk, and that matters would thus right themselvess It seems

-possible, therefore, that rice per se has a diuretic action on the renal organs.
Whether this is so or not, the evidence we have produced is strongly in favour
of the view that the amount of rice present in the diet does influence in a
marked manner the quantity of urine excreted. What its significance is, if any,

" we leave for the future to unfold, We may remark that we did not obtain

anything like the same results regarding the amount of urine excreted when the
dal, wheat or makkai ata of the dietaries were given in varyving quantities,

2.—The relative influence, if any, on the excretion of urine exerted by Burma rice and
Country rice,

Intimately connected with the apparent influence of large quantities of rice
in increasing the flow of urine is the question, whether the two varieties of rice do
s0 to the same extent.

It will be evident from the figures given in Chapter II and in Section I of this
Chapter that, under as far as possible the same conditions, the amotnt of urine
passed is, on the average, much greater when Burma rice is given than when coun-
try rice forms part of the diet.

From an analysis of all the results obtained, when the conditions of
temperature, humidity, intake of salt and intake of rice were as nearly as
possible similar, we have computed that the average amount of urine excreted
by prisoners in the four jails examined was as follows :—

Presidency Jail, Calcutta ! . over 2000 ¢.c. per man daily in the cold weather.
Buxar Jail, Behar . ; .. over 1800ce. ., . s =
Puri Jail, Orissa . . 4 . under 1600 cec. ,, . £ ¥
Bhagalpur Jail, Behar . : i - o S i o

That is, in the two jails where Burma rice was in use the average excretion of urine
by the prisoners is on a decidedly higher level thanin the two jails where country
rice was the variety given in the dietaries.

This may be a mere coincidence and may have nothing to do with the
different kinds of rice, being due to some other factor at present unknown.
While we have no desire to draw any far-reaching conclusions from these results,
we cannot help thinking that there is present in rice some substance that acts as
a diuretic, and that this exists in greater amount in" Burma than in country
rice. WHhAt the significance of such a diuretic action may be we are at present
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unable to say; but it will be readily ewdmitted that if a diuretic influence does
exist, its continuous action from the massive amounts of rice in the daily diet of
Bengali prisoners cannot be for the welfare of the kidney epithelium. The
supposed influence of Burma rice in the causation of Beriberi—a disease offen
associated with cedema—might form an interesting problem from this point of
view.

In order to see whether the greater efiect of Burma rice on the flow of wrine
would hold under absolutely the same conditions, two batches of prisoners in the
Presidency jail, Calcutta, were kept under observation fora fortnight, one week
on Burma rice and the next on country rice with the following results :—

One batch of the Bengali prisoners under observation for five days.

Per man daily. Remarks.

DieT—

Burma rice . . . - . 2 ozs.

Massur and Arkar dal : . o B Urine 2545 c.c. Usual quantity of

Vegetables : : . ’ o i salt.

The same men under observation for five days.

Dier—

Country rice® . . . . . 20 ozs. -E

Massur and Arhardals . . . 6 Urine 2015 c.c. Usual quantity of

Vegetables . : : = S aalt.

a difference of over 500 c.c. per man daily, seemingly due entirely to the variety of
rice in the diet as all other conditions were absolutely the same.

We may, in connection with the effect of Burma rice on the excretion of urine,
draw attention to the results shown on Table XXV. Here we had two batches of
four men in each on & ‘‘meat’ diet containing only 4 ozs. of Burma rice per man
daily. The usual quantity of salt was given, and the observations were made at
the same time as those recorded in this section. The results show a great diminu-
tion in the amount of fluid excreted, the average for the two batches over the period
being 1284 c.c. per man daily, i.e., only about half the amount excreted by
the men on Burma rice 20 ozs. shown above, As would be expected there was a
marked increase in the solid constituents of the urine—the sp. gr. ranging up to
1023 as compared with an average of 1008 for those on the rice dietaries,

3.—The quantity of feces passed by prisoners on Bengal Jail dietaries.
(a) On diets' of the Lower Bengal jail type—
(i) Five Bengali prisoners observed for 17 consecutive days, average

weight of fresh fmces pey man daily 14 ozs.
(#7) Twenty Bengali'prisoners observed for 14 consecutive days, average

weight of fresh feeces per man daily 15°2 ozs.
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(#77] Sixteen Ooriya prisoners obsesved for twelve consecutive days, aver-
- age weight of fresh fweces per man daily 1471 ozs. e
(1) Four prisoners observed for elevén consecutive days, average weight
. ~ ofdresh feces per man daily 144 ozs, " i
Therefore an average of— . :

OX 17= 85

" At e e s S S SR T
T Iﬁ X 12=192 . - - s i . 0 . - 1“!.1 T

L % 4% 1l= 44 5 . . . - - ‘ . P o

5 ; 5 . 5 . 14  ozs:

Total of 601 observations gives an average of 14 ozs. of fresh fmces passed
per man daily.
These observations were made only when the prisoners were on the (practi-
cally) full Lower Bengal jail diet. 5 ~
(b) When the amount of rice was reduced to Lalf the ordinary quantity the
weight of the fmces passed fell very considerably.
Thus—
(¢) Four Qoriya prisoners observed for eleven consecutive days, average 3
weight of fresh fmces per man daily 10 ozs,
{i7) This fall on decreasing the amount of rice is further shown in the
following : — :
ul

Four Ocriya prisoners cbserved for five consecutive days. n

Dr— "

- Country rice . - - : - 26 0zs. . ]
'\A-rhr a-ﬂ] - - - - * 3 1 2

Vegetables Zane & S ST
Goat’sflesh . ., 5 3 N

Fresh fieces 12 0zs. per man daily., A
The same four prisoners observed for siz consecutive days. ?
¥ T ¥
1t - Ceuntry rice L A R | i
pe . § Gm'iﬂ DS - 2w e 3, Fresh fwces 6'7 ozs. per man daily
- ot Fem“ * - - - - E L E] ’ Im 2 4 } :
(e) The quantity of frces passed in diets of the Behari type— i

UG m 'ty Behari prisoners under cbservation for a total of eightyseven

-
P T
- - - E r:.l -
T TOhh Fresh feeces 1856 0257 per man daily.
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Four Ooriya prisoners obserwsl over eleven consecutive days, average
weight of fresh faces per man daily 1664 ozs.

We may, therefore, conclude that the weight of fmces passed daily by prisoners
on the Bengal jail dietaries is in round numbers one 1b. per man daily, .e., from
three to four times the weight of fwces passed ordinarily by a European on his diet.

A reductien in the quantity of rice entails a decrease in the weight of the
feeces, but the weight of the fmces seems to be greater when wheat ata is sub-
stituted for an equal quantity of rice.

4.—The averages amount of the nitrogen contained in the faces.

In a large number of observations on the estimation of the total nitrogen of
feeces we found the percentage of nitrogen present to be wonderfully constant
and seldom very much outside the fizures 12 to 18 per cent.

The average for some hundreds of estimations on the ordinary Bengal jail
dietaries works out at 16 per cent. of nitrogen. If we calculate what this means
for the amount of fwces passed by the Bengali and Behari it will be seen how very
similar the figures are to those obtained from the urine method of estimating
protein metabolism—

Thus, the Bengali passes 420 grms. of feces, which would mean an average
of almost 7 grms. of nitrogen per man daily, or about 50 per cent.
of the total nitrogen of the diet.

The Behari phsses 500 grms. of feces, which would mean an average of about
8 grms. of nitrogen per man daily, or a little less than 50 per cent.
of the total nitrogen of the diet.

These figures, which are only rough averages of a large number of observa-
tions, correspond with those obtained from the analyses of the urine taken in con.
junction with the nitzogen intake ; viz., a little over 50 per cent. of the protein of
the Bengal jail dietaries is absorbed. _

In connection with the more or less uniform percentage of nitrogen found in
the fsces analysed it is worthy of note that some! writers prefer to speak of differ-
ent foods as large or small fmces-producers, rather than as being capable of
incomplete or complete absorption.

o.—The average amount of uric acid ex>retel in the urine by prisoners on the Bengal
Jailsdiets.

It is universally accepted that the amount of uric acid in the urine depends on
the nucleins and not on the ordinary proteins of the dietaries, so that the relation-
ship between the total nitrogen and uric acid excreted has practically no si gnifi-
cance. That is, the two methods of nifrogenous metabolism—purin metabolism
and the general nitrogenous interchanges—are independent of one another.

1 Hubehinson : Food and the Principles of Dietetics, also Prausnitz, Zeitsch, f, Biologie 1897,

-
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In a purely vegetable diet such as tlhs of the prisoners in Bengal a high uric
acld excretion would not be expected, as vegetable food contains only small
amounts of purin bodies. The pulses, however, do contain a fair quantity of
nucleins. y

We have made a good many observations on the amount of wric acid excreted
by Bengali prisoners and find the quantity to be very much what would be
expected from a vegetarian diet. Thus, in 690 uric acid determinations the
amdunt excreted per man daily was, on the average, 0°44 grms.

The variations met with were small and never fluctuated for the Bengal types
of diets outside 0'35 and 057 grm. per man daily. These figures include deter-
minations on prisoners on both the Bengali and Behari types of diets—theinter-
change of ten ozs. of rice for ten ozs. of wheat ate does not appear to make any
difference in the amount of uric acid excreted. The dals excepted, rice, wheat ata
and vegetables may be looked on as almost forming a purin-free diet o that the
uric acid is derived almost entirely from the dals—the exogenous—and from
tissue metabolism—endogenous—the breaking down of nuclein-containing sub-
stances.

The method of estimation made use of in all our uric acid determinations was
that introduced by Gowland Hopkins!, which is by far the most accurate and
simplest process.

6.—Xanthin or alloxur bedies or Purin bodies, inclnding uric acid with a number of
closely allied substances,

The Xanthin bases—=xanthin, hypoxanthin, guanin and adenin—like uric
acid have an endogenous source which is probably the nuclein of the tissue-cells,
and an exogenous source furnished by the food-stufis which contain nucleins and
purins. Accnrd_lng to Camerer, Salkowski, Walker, Hall and others the amount
of xanthin bases in the daily urine amounts to from 30 to 50 milligrammes in
Europeans.

We have carried out a number of observations with Walker Hall’s purino-
meter and find the average quantity of purin bases excreted per man to be about -
48 milligrammes per day. This amount seems rather 'mgh but it represents about
9 per cent. of the uric acid excreted, on the same diet by the same prisoners, which s
pearly the usually accepted amount. Von Noorden states that the qua-.ntlty of
these bodies rarely amounts to more than § per cent. of the uric acid excreted at
tHe same time. Accepting Walker Hall's method as giving accurate results, it is
very likely that the dals of the Bengali diet supply a fairly large amount of purin
bases. : } _

We did not go into any detail on this point, and simply state the results
obtained from an investigation carried out on twenty prisoners observed for nine

consecutive days.

1 Journ, of Path. and Baeteriology, 18063,
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7.—Thae percentage of urea ts the total excretion of nitrogen.

In a very large number of the observations in which the total ni trogen of the
urine was determined, an estimation of the urea present was also made. The pro-
cess followed was that of Morner-Sjéqvist as modified by Bodtker' which gives
accurate results.

Careful examination of our results as to the percentage of the total nitro-
genous excretion that appearsin the urinein the form of urea does not reveal any
marked difference from the ordinary accepted standards.

The urea nitrogen is, however, higher than would be expected from a purely
vegetarian diet.

In European diets the relative value of urea is given at 88 to 90 per cent. with
flesh diet, 85 to 87 with a mixed diet, and about 80 per cent: with a vegetable
diet. Wefind that ona dietary of the Lower Bengal jail type the percentage
of urea-nitrogen is about 90 per cent. of the total nitrogen of the urine.

Twenty Bengali prisoners, observed during twelve consecutive days had
their urine pooled : the nitrogen in the form of urea formed 90'1 per cent. of the
total nitrogen of the urine.

We found, further, that the addition of a little meat or flesh made very little
difference in the relative velue of the urea ; however, the amount of meat in the
diets in the particular observationsin which the urea was estimated was very
small, and the diet could hardly even be called *‘mixed *’in the European

acceptation of the term.
On the whole we may say that in Bengalis a slightly higher percentage of the

nitrogen of the urine is eliminated in the form of urea than is usually stated to
be the case with Europeans on vegetarian or even mixed dietaries.

8,—The relation of ammonia pitrogen to the total nitrogen of the urine.

This is a side-issue to which we paid special attention, and a large number of

observations were made on the quantity of free ammonia excreted by the prisoners

on different aiets.
In Europeans the quantity of ammonia excreted daily varies on a mixed diet

from 0°6 to 1'0 grm. It is lower on vegetable, higher on animal foods. Itis gener-
ally accepted that the quantity of ammonia nitrogen bears a certain relation to the
total nitrogen, forming from 3 to 5 per cent. Itis known that the cereals, by
their freedom from organic alkaline compounds, do not alter the acid reaction of
human urine, and do not diminish the excretion of ammonia, while green vegetables,
with their high percentage of alkaline salts, do so in 2 most marked manner.*
Ammonia is a product of protein hydrolysis, and an increase in the amount of
pmteiu assimilated may lead in two ways to an increase in the excretion of am-
monia ; first, because, more protein being broken down, more of each of the

1 Zeitechr. f. Physiol. Chemie. 1893.
2 yon Noorden : Physiology of metabolizm.

2¢
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hﬁ’dml}’ﬁﬁﬂpmducts, and of ammonia with the rest, will be formad—this will not
lead to any rise in the percentage of nitrogen passed out as ammonia; sscondly,
because some of the ammonia, which would otherwise be passed ouf as wrea, will be
excreted in combination with the sulphuric and phosphoric acids formed by the
breaking down of protein—this will lead to a rise in the percentage of ni trogen
passed out as ammonia as well as in the absolute amount. The quantity of
ammonia in the urine vartes with the amount of acid radicles requiring neutralisa-
" tion: if there be abundance of base taken with the food, less ammonia is re-
quired and it sinks to a low level in the urine. It does not, however, disappear
entirely. The reason given for this by Sprigas'is that ammonia, being a normal
metabolic produet and therefore circulating in the blood, must pass through the
kidneys : thus some of it will be excreted before it eanreach the liver and have
an opportunity of being turned into urea,
Investigations to determine the total amount and percentage of the nitrogen
of the urine passed out as ammonia :—

. TABLE XXIV.
(¢) Twenty prisoners in the Presidency jail, Calcutta, were kept under obser-
ration for twenty days. The urine of these prisoners was pooled and samples
tested for ammonia. Special care was taken in all these investigations to see that
no decomposition had taken place. Usually the samples were put upimmediately
at the end of the twenty-four hours’ collection, and no sample was accepted
unless it was acid in reaction.

Averags. | Aversge | . |
quantity | total N, of “h_\f;]""a i Total M. TntalfH'EE;! Total N.
Baren. of urine  the urine e rr:ll::.n of urine | - S fot NH;
per gn | per moan | ldnil ! for period. s g, for period.
daily, | daily. | ¥ § |
8- G Grme,. | Grme. | Grme. G:;ms. | Grms.
. | 1
2406 | 800 | I-0L
r' 1754 | 84l ‘ 03
1840 | 890 1-16.° 8
103" | 918 | 06
182 | 998 | 00| .
1825 | 981 | L00 e
Uiyl R R U
: 1974 045 00 '
Twenty Bengali prisoners . .{ 2070 | 900 1:02 mezn | 1445 11-80
. 1976 | 840 | .85 i '
2066 | 887 | 70
M3 | 885 | o2 "
263 | B3 1-01 i
1892 762 ‘ 47 | i
1784 | 709 47
1926 | 843 | 56 | '
L#. 2057 | 9 i e 1) l') ‘
! Spriggs : Med.—Chi. Trans. Lond. 1904 LXX XVII, p. 325.
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From these figures we find that the'Percentage of the total mtmgm excreted
in the form of ammonia is 7-92 or 085 grm. per day. This is decidedly higher
than would' be expected from the results given for Lurupu;um

The (hﬂts on which some of the prisoners were during these observations
contained meat and fish, so that they were not entirely vegetable in character.

(#f) Twenty Behari prisoners under observation for filteen days : the urine was
pooled and samples tested for ammonia.

The diet consisted of Burma rice, wheat ata, mung dal and vegetables—
no meat or fish was given.

Results talndated in three periods of five doys in each.
q‘t\;rtﬁ: . f{::l"‘%':‘ | Average | Total X, i Total | Total N,
o] e T of urine NHy NHy
Barca, E?f:::"i I‘:f:l:;:llz per man for | of urine ! of urine
- i AR adly. sriod. | riod.| iod.
: Fally: daily. daily period | for pe rmtll for period
L | {
RE e Grms. Crmsa. Grms. Grms. Grms.
18035 £:352 i = ? |
. | Twenty prisoners Beharis . 1756 865 -84 B 2648 2-451 2:018
' ' 1760 9-31 S5 ) -
= - |
¥
.

TFrom these figures we find that the percentage ol the total nitrogen that is

: _ centage is again higher than would be expected.

o . days ; the urine was pooled and samples tested for ammomnia.

The diet *consisted of the ordinary

being added.

following results :—
L

excreted in the form of ammoniais 7-62 or 0-817 grm. per man daily.

This per-

. . -
(¢4) Twenty Behari prisoners in Bhagulpur jail under observation for fourteen
Behari constituents—no flesh or fish

c Tn all forty-five NHg determinations were made on the pooled urine with the

Average quantity of Average total nitrogen Average Nily per N—NHjg per man
urine per man daily. per man daily. * man daily. daily. ’
?’j- , PSRN — el T SR - S PSR —
4Bl e : Grms. Grs, Grms.
; g 1570 026 0-320 (-082
' ' 7 i . itrogen that is eliminated in the form of am-
B That is the percentage of the total nét_ g '
r monia is 6:82 or 0-829 grms. per man daily. =

%
=
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By ct;-llating these results we see at a glance their full import— -

(7) 20 Bengali prisoners on mixed diet excreted 085 grm. NHjy ‘per man

daily, which is 792 per cent. of the total mirogen of the urine.

(1) 20 Behari prisoners on Behari diet exereted 0°817 grm. per man daly,

which is 762 per cent. of total nitrogen of the urine.

(¢it) 20 Behari prisoners on Behari diet excreted 0-829 grm. per man daily,

which is 6:82 per cent. of the total nitrogen of the urine.

While the observations show that the addition of meat and fish canses a higher
actual and relative excretion of nitrogen in the form of ammonia—and in the
Bengali prisoners on mixed diets this would have been still more marked, had it not
been that certain diets containing no animal food are included—fthe important
point would appear to be the consistently high proportion of the total nitrogen
that is eliminated in the form of ammonia, whatever the diet may be. It will be
further noticed that this proportion is lower the higher the level of nitrogenous
equilibrium reached, .., the percentage of nitrogen eliminated as ammonia
varies inversely with the total nitrogen execretion.

The question naturally arises as to the explanation of this high ammonia
factor in the urine compared with the generally accepted 3 to 5 per cent. in
Europeans. If we had found a low percentage of the nitrogen excreted in the
form of urea we might have looked on a relative acidosis as affording a plausible
explanation ; but such we have seen not to be the case. We have no explanation
to offer further than to remark that it has been noticed by other observers that a
fallin thelevel of nitrogenous metabolism to 7 or 8 grms. seems to be accompanied
by a rise in the proportion of ammonia—as a normal event, and quite apart from
the presence of urinary organic acids!. While this may be true for Europeans we
are more inclined to believe that intestinal putrefaction and the absorption of
indoxyl? compounds requiring for their neutralisation strong bases, and among
these ammonia, is a much more likely explanation. This view is borne out by the
researches of Dr. I. M. Mullick® on the urine examination of some 500 students
and seemingly healthy individuals in Calcutta, anwngst whom he found that -
about 40 per cent. had indican in their urine much in excess of what may be
considered the normal amount. : A

g—The relative absorption of p‘mt'&.i!l from a diet containing an animal protein by
Hindus and Mahomedans.

It is generally believed that Mahomedans, who are acoustomed to an anigal
protein in their daily diet, are better able to absorb the protein from an animal
food than are the Hindus who are very largely vegetarians.

1 Spriggs : Quarterly Journal of Medicine, April 1609,
o 2 Aullick : Caleotta Medical Journal, May 1909,
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. S In m&ﬂ to obtain some information on this problem the following investiga
R ~ tion was carried out :-—

i

TABLE XXV.

the same diet for three days before the collection of their urine began.

e

i
-5 Pwo batches of prisoners—one Hindu, one Mahomedan—were put on exactly

-
The diet was— ;
_f Brmd - . - . " S 0OZ3.
Mutton . . 1 2 i i e :
Fish 7z s 2 2 : 6 .. bCaleulated value of this diet in nit-
Rice e A : - ool A rogen 16'29 grms.
Potatoes . 2 2 - - L
' LA Four Hindu prisoners observed for five consecutive days.
’ 3 . |
| TP a2 i
’ - # : Quantity | Weight of Total N, T
4 Barcm A, s | prisoners. | of urine. Value c{»farﬂi:: b?hmmu
- - = = ; ) -
» A R ; C.C Lba. Grms.
r L = ® = "
b R $ 3 * ol ™es30 1242 4943
okt - & =
e =728 ‘_T i ? s 6300 r 1241 40-32
- * | Four prisoners, Hindus . . . 4| 4080 | 1241 5033 b 65418 grms. each day.
i « || 5w 1242 6188 |
' 5470 124°1 56:51) |
’ " - - 1
r , L]
pe

. e b . ’
o ed50 1243 m&I

® - 1 v

’ 4150 1963 | B
I e WM } i

s T ™




Constant 0°5 grm. per man . R {111 TS

—

Total nitrogenous metabolism . « 28081 |
=14'04 grn =, per man daily,
=86"19 per cent. of the nitrogen of the diet.

That is, practically identical results are obtained for the two classes when they are
on the same diet for the same length of time and under the same conditions, So
that it would not appear that the Mahomedan absorbs a hi gher percentage of the
protein in a dief containing a large amount of animal food than is absorbed by
the Hindu. o

Another point brought out in this observation is the high percentage of pro-
tein absorbed from a diet which may be considered almost European in type. It
1s doubtful :f much better absorption could take place from a diet of this kind than
that shown by these batches of Hindus and Mahomedans. 8o that we arve fairly
justified in opining that the degree of nitrogen absorption depends largely on the
manner in which the protein of the diet is made up, and not on the absorptive
power of the intestinal tract of one class of people being nrach superior to that
of another class.

Voit! and Craemer® discovered many years ago that persons who have been for
years accustomed toone form of diet absorb its constituents no better than
those to whom such a regimen is a comparative novelty. Further, the large num-
ber of observations which have been made on different persons with eqmmon
articles of food have failed to elicit any striking disparity in the degree of ab-

sorption.® From the results of the present investigations we are in a position
to ‘endorse these opinions to a very great extent ; the exceptions would appear

e A e e e e n— e — e =
-
>
L " » = ;
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What do we learn from these results ? €
Barcn A— -
Total nitrogen of urine . . . 26747 grms. .
Constant 0°5 grm. per man spmtie -y A00 s e
Total nitrogenous metabolism . ot SPTATE 5, 3
¥ =13"87 grms, of nitrogen per man daily.
. =83°16 per cent, of the nitrogen of the diet.
Baren B—
Total nitrogen of urine . - . 27081 grms,

to be brought out by a comparison of the absorption obtained 4rom the people

‘of the plains and the hill-tribes of Bengal.
To tha; ]JQMQI’ we shall return in Part IT.
55 1 Voit : Zeit. {. Biologie 1889, 5 i

2 Craemer. Zeit, f. physiolog. Chemie, 1682,
. 3 Hutchinson : Food and Dietetios
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: PART I1.
3 R . :

The relationship of Food to Physieal Development. ‘
“Tt is food that supplies the material for that perpetual series of fransforma-
tions in wlich life consists, and it must be adequate in quantity and suitable in Ef

- quality if these transformations, of so many different kinds, in so many different
organs, are to proceed with that nicely balanced adjustment ‘that is known as
‘health ; nuatrition is therefore an important branch of preventive medicine.” ! X
| . TInour work so far we have had no necessity to face the much-discussed ques-
= ' . tion raised by Chittenden, viz., what is the proper daily protein intake necessary
to meet the needs of the body ¢ Much has been said, and well said, for and against %
t
f
|

"

Han ~the views put forward by Chittenden. In the presidential address from which we
quote above, published in the Journal of the Royal Institute of Preventive
< Medicine, Sir J. Crichton-Browne deals with the evidence for and against in a
g . masterly manner. His general conclusions—and in these he is in agreement with
most Buropean physiologists, so far as Europeans are concerned—are that
Chittenden’s views and stahdards cannot be accepted in their entirety. “At the
same time it must be admitted that in the ** Physiological Economy in Nutrition *
and in *“ The Nutrition of Man'’ Chittenden makes out a very strong case, founded It
on the most+painstaking and laborious experimental study. In some researches? ' |
on the metabiolism of the Bengali and on his nutrition, we have shown that the |
average native of Bengal on the ordinary diet of the province—rice and dal—
& reaches an even lower limit of nitrogenous metabolism than any of Chittenden’s
> ) subjects. We found that students and members of the fairly well-to-do ciasses
- exist on a metabolism of less than 40 grms. of protein per man daily. The great
g - mass of the population are on an even lower scale than this.
3 * These results bear out Chittenden’s views as regards the possibility of man
existing on a’protein content of the general diet less than one-half of the ordinary
k- . . standards and, so far as that goes, we freely admitted that the protein metabolism
iy * of the Bengali confirmed a_ﬁid corrohorated his opinion. -
It‘wu when we tried to judge the efiects of this dietary on the physical de-
=, velopment of the race, their capacity for manual labour, the condition of their blood
S ~and tissues, and above all their resisting power to disease and infection, that we
i . were forced to part company from Chittenden and the opinions he has expresied
. - with regard to the great beneficial effect of a reduction of protein on mankind.
W&shﬁwg_ﬁ—*hy observations on students, prisoners and servants of this College

1 Sir J. Crichton-Browne : Parcimony in Nutrition, Presidential Address to ﬁ Section of Preventive
Medicine. .j‘ el 1008,

a
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and by an analysis of the records of the phy.izal development of Bengali and Anglo-
Indian students in the same College, under the same climatic conditions, doing the
same work, but on a different diet—the miserable standard of the Bengali’s physi-
cal developmertt, seemingly entirely due to the lowscale of protein absorption.
Without entering into any detail of the work carried out on these lines we may state
that, from the evidence brought forward, we had to admit that, while it is quite
_possible for an individual or the members of a whole race to live on the metabo-
lism of 6 grms. of nitrogen daily, the results of this on their general well-being,
health, physical development, vigour, resistance to infection or even immunity
from kidney disease were not such as to confirm a belief in the sufficiency of

Chittenden’s standards.
In our work on the nutritive value of Bengal jail dietaries we were relieved

from all necessity of looking at this side of the problem. The prison diet scales
have now been in use for over twenty years and there has never been any doubt
as regards their sufficiency, the general opinion, on the contrary, being that they
were much more liberal than was necessary.

Accepting the established fact, therefore, that the dietaries were sufficient, all
we had to do was to estimate the average level of nitrogenous metabolism from
those scales, and use this as our standard of the protein requirements of Bengali
prisoners. .

In accordance with our belief in the favourable influence of an excess of pro-
tein over bare sustenance, it has been our object in framing new diet%cales to raise
the level of protein metabolism for both Bengali and Behari, by suggesting mea-
sures to decrease the bulk of the diet, and thus permit of a better absorption and,
at the same time, to add some of the more easily assimilated proteins such as are
furnished by wheat ata or an animal protein to their dietaries.

It will, therefore, be evident that our proposals are in diréct opposition to the
views expressed by Chittenden and his followers. According to his results the
metabolism of 0"12 grm. of nitrogen per kilo of body-weight daily is all that is
necessary for the protein requirements of the body. ‘“ These are perfectly trust-
worthy figures with a reasonable margin of safety and carrying perfect assurance
of really being more than sufficient to meet the true wants of the body, adequate
to supply all physiological demands for reserve protein, and able to cope with the
erratic requirements of personal idiosyncrasies.”

" How do our results and proposals compare with this standard ?

We have seen that the average nitrogenous metabolism of Berigali prisoners on
Lower Bengal jail diets works out at 7'55 grms. per man daily.

From analyses of over 30,000 weighments' the average weight of the prisoner
is 50°0 kilos. This means the metabolism of 0'15 grm. nitrogen per man daily—
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a quantity that Chittenden would consider excessive, particulurly so, when the
large: carbohydrate and fuel v ‘Lhm of their present dietaries is taken into
account. -

The Helmn we found, averaged a nitrogenous metabolism of 950 grms, per
man s :11}’ ; his body-weight may be taken in round numbers to be, on the average,
09 kilos, This means the metabolism of (°173 grm. of nitrogen per man daily.
again very much in excess of what Chittenden would consider the protein uqum "
ments of the body.

Our proposals would increase the nitrogenous metabolism of the Bengali on
the Lower Bengal diet up to 9°00 grms. per man daily or 0°180 grm. nitrogen per
kilo of body-weight, while the suggested diet scale for the Behari would permit
of a nitrogenous metabolism on even a higher level than at present.

The efiects, therefore, of the proposed changes in Bengal jail diets would be to
increase very considerably the protein metabolism of the Bengali and slightly so
that of the Behari, while at the same time getting rid of some of the excessive
carbohydrate and heat value of the dietaries, the beneficial effects of which we
have already fully discussed. This is entirely at variance with Chittenden’s
views, as according to lis standards the dietaries are already excessive in both
protein and carbohydrate. The question, therefore, arises, is there any necessity
to raise the levei of the protein metabolism of the prisoners ?

We have given one very good and sufficient reason, viz., the urgent necessity to
obtain a higher percentage of protein absorption and thus reduce to as low a figure
as possible the large protein waste by the bowel, thereby lessening putrefaction,
This we have shown can be done by decreasing the rice and dal of the Bengali diet,
and the rice of the Behari. The necessity of raising the level of nitrogenous meta-
bolism by the additibn of a more assimilable protein ison a different footing, and
to a consideration of this question we shall now turn.

We shall not go into details regarding the criticisms that have been made on
Chittenden’s proposals, or t;w experimental evidence that has accumulated against
them ; we shall content ourselves with stating the results obteined from our work
in Bengal, and the practical deductions to be drawn therefrom.

One or two points we should like, however, to refer to as they will be found to
have a somewhat close relationship to the conditions present in Bengal. :

Chittenden’s standard of protein food is less than one half of that of Voit, and
conflicts violently with the common practice of the majority of mankind. It is
an initial objection to Chittenden’s views which is not easily met, that it contra-
venes all human experience. If he is right, then all the world up to this time has
been wrong. It is Chittenden contra mundum.............. deep down beneath all
superficial fluctuations and gradual evolutions there are certain fufidamental,

2p
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. s iustinctivc:lutritinnal demands that cannov be interfered with without nsk. These F
- .are embodied in old time tradition and customs, and one of these is a demand for
a protein intake much more than double, indeed nearly treble, what Thittenden
would allow.”T '

"
How do these hereditary instincts and customs in the formation of his dietetic !
habits and in the choice of food stand with respect to the Bengali ? We may at .
» once say that another factor, and a very important one as regards the great mass
of mankind, comes in, viz., the cost of food materials.

The Bengali lives on the cheapest food ayailable and, in a country not yet i
thoroughly opened up, the cheapest food is usually the home-grown product. We,
therefore, find the Bengali living almost entirely on his home-grown rice and dal ;
the Behari on his home-grown rice, dal and ata ; the hill tribes, which we shall have
to deal with separately in this connection, are not satisfied with these simple vege-
table materials but demand a much more varied and costly diet.

The Bengali or Behari is in the great majority of cases only a vegetarian by
force of circwmnstances : where he can afiord other additional items as fish, milk or
mutton, he readily avails himself of the opportunity of thus mcressing his assimil-

-able protein intake. This desire for nitrogenous food and particularly food of an
animal nature was well brought home to us in the feeding experiments on prison-
ers, when the promise of meat, or the threat of withholding it. was qmt sufficient
to induce the prisoners fo carry out without a murmur whatever was desired of »
them. It was further exemplified by the difficulty that we sometimes experienced in -
haying fish or meat cooked without a fair proportion of it disappearing ; this neces-
sitated our having to place guards over the meat until it had been distributed to
the batches for whom it was intended. The great mass of the Pnn}:ﬂe, however, can » A
only afford the cheap home-grown rice and dal with occasional additions of more
palatable elements. Thelr instincts, therefore, for a better form of digtary are held
in check by an inability to meet the cost of gratifying them. In order fo make up in
quantity for deficiency in quality we find that the Bengah has accustomed himself o !
to consume what to a European seem enormous quantities of rice and even dal; ) i
the same also is true to some extent of the Behari & .

e We isnow what the results of this limited diet of rice and dal in the Bengali, or
rice, dal and ata in the Behari mean as regards the level of nitrogenous metabol-
isni. We have shown previously that the average amount of protein undergoing
metabolism in the case of the Bengali reaches the very lowest physiological limits - ~
in fact it would be more accurate to callit almost protein starvation. Thisis o
not by any means so marked in the Behari, who, with part of his diet made up of (

- 1 gir Juwes Crichton-Lieowne ; loc. eil.
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the more assimilable protein of wheat ata, is placed on a higher level of nitrogenous.

i * metabalism. -

We may conclude, therefore, that the people of the provineg of Bengal are

- largely vegetarians, but are so only through force of cireumstances—that they live

on what they are able to obtain, and not on rice and dal from free choice ; that,

given the opportunity of obtaining animal food, they readily and greedily avail
themselves of it ; that, in order to provide for an absorption of protein attaining” |
even the lowest physiological limits, very large quantities of rice and dal have to be
consumed—so large, as we found in the case of prisoners, that the actual bullk of .
- the diet interferes with its absorption. While this is true for the mass of the '

population it is more particularly so for the inhabitants of Lower Bengal, and to a
2 less extent for the Behari. !
What are the effects on the general well-being of the people of these compul-
sorily limited dietaries, which are characterised not so much by a deficiency in
the amount of protein they offer, as by the exceedingly poor protein absorption

possible from them ?

Before going on to contrast the effects of these diets on the Bengali and Behari,

respectively, we should like again to refer to another grave objection brought against
o Lo
Chittenden’s standards.

**1t is 6byious that in the study of dietetic customs those most widel v dissemi-
B nated and followed by many races and yast populations are of higher validity then
A those confined to small communities, and further, that the practices of the more
successful races and the more affluent classes of a nation are more likely to yield
. good dietetic models than the practices of the more backward races and poorer
- classes. The former have greater freedom of choice, and their success in the struggle
for existence is evidence of the suitability of their food habits. All the successful
races have habitually consumed protein far in excess of what was required for tissue
repair and far in excess of Chittenden’s standerd, and when we find a definite re-
- lation between protein consumption and racial success that is good ground for be-
lieving that behind it there is a biological law.’" !

Further, Benedict 2 states * Dietary studies all over the world show that in
communities where productive power, enterprise and ecivilization are at their '
highest man has instinctively and independently selected liberal rather than
small quantities of protein.”” He instances the immense improvement that takes
s place both in ﬁh}‘sique and morale of the negro and * poor white” of ile
” Southern States, and the Ifalian labourer in South Italy, when fed on a higher
protein diet.

Y Py el TR g el
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Nitti ! expresses the conviction that the proportion of protein in a diet is
oue of the great determining factors in the productive capacily of a nation.
We need hardly instance, in this connection, the rapid and remarkable xise of Japan
amongst the nations coincident with a vastly increased consumption of animal
food, or the recorded fact that during the late war the Japanese troops had a more
abundant protein diet than any other army in the field has ever enjoyed.

AThere is, therefore, a fairly general consensus of opinion that the sociological
conditions, enterprise, vigour and physical development of a people are intimately
bound up with the quantity of assimilable protein in their dietarvies. These
influences of dietaries, and the effects of the different amounts of protein offered
capable of absorption, are remarkably well brought out by a study of the general
status and physical welfare of the different classes of the inhabitants of Bengal.

I. The Bengali.—In our work on the nutrition of the Bengali,® already
more than once referred to, we showed, fromobservations on the wine and blood,
how very low the level of interchanges going on within the body was—the
total nitrogen undergoing metabolism being only about one-tlnrd that of FEuro-
peans. The only comparatively high figure we obtained was for sulphates, pointing
to a higher degree of intestinal putrefaction in the Bengali than in Buropeans.

Similarly with regard to the chemical analysis of the blood we fonnd a higher
percentage of water and a lower percentage of total solids and protein : the heemo-
globin was markedly reduced and the blood pressure was on a distinctly lower
level. We found that the result of these conditions was markedly to modify the
physiological requirements of nufrition and, to a considerable extent, affect the
growth and power of muscular contraction of the average individual, whose nitro-
genous tissues are not given the option of drawing their nutritive material from so
rich a source, nor have they the same opportunity of obtaining as free a supply of
oxygen. We concluded from this study that a people on a diet, froin which only
37°50 grms. of protein are absorbed, live in a more or less chronic state of nitrogen
starvation, leading to a loss of body-fat and tissue- -protein with an accompanying
loss of vigour and strength and a comparatively low capacity for pm]nnged or
sustained muscular effort. From the evidence as to physical deveiopment we
showed that the general physique of the Bengali was on a par with his diet, and
that a close relationship existed between the poor physical development of this
people and the meagre protein absorption possible from the dief on which they
subsist.

This was particularly well brought out by an analysis of the recorded weigh-
ments. chest measurements, and ]1915:]1#; of Bengali and Anglo-Indian students
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£ during the several years of attendeunce at oneof the residential ‘Colleges in
' 8 . Cnlentts. Under the same conditions but on different diets we saw that :—
(2) Compared with an average increase in body-weight of 2 Ibs.in the case
2 £ of the Bengali students on their diet, there was an dverage increase
“ of 14 Ibs. in Anglo-Indian and Eurasian students over similar periods.
(#i) O the Bengali students 428 per cent. showed a diminution of weight
compared with 2 per cent. amongst the Anglo-Indian students, in,
1 comparison of the weights on entrance and at the end of the' third
vear : of the Bengalis only 1573 per cent. gained weight continuously
at College, whereas practically all gained weight continnously
amongst the Anglo-Indian students,
(11/) The chest measurements bear out the same conclusions : the Bengali
i practically remains unaltered, whilst the Anglo-Indian increases hus
E chest-girth very considerably. .
[ | The diets on which these results were obtained were :—

I.—Bengali Students. 1I—Anglo-Tndizn Students.

.
Protein 67° 11 grms. (of which 93 grms. were  Protein 94°97 grms. (of which 38°32 grms. were
derived frem an animal souree). derived from an animal source).

Carbohvdrate . . 34875 arms. Carbohydrate ; - G700 gras.

s Fat - : ; 135 ., Fat . : - : 567200 4,
= Comment on these results is unnecessary. The figures were obtained from the
records of the medical officer of the College and were worked out in collaboration
" yith F. E. Dempster, Bsq., C.LE., who makes statistical work one of his hobbies.
& U L . - . .
)  They show very conclusively the results to be expected in growing lads from diets
 deficient and rich respectively in absorbable protein.

The further evidence brought forward regarding the physical endurance,
 capabilities ef performing.work and the experience of life insurance companies,
. all place the Bengali on a low plane of physical development. The general

consensus of opinion also showed that his power of resistance to disease was
markedly inferior to the more highly-fed European. Evenin the very condition
that Chittenden lays such stress on as most likely to be avoided by a decrease in
b the protein intake, viz., renal disease, we find the facts do not bear ouf his conten-
3 tion : renal disease being more common amongst the ordinary working population
==, of Bengal—and very much more so_amongst the higher classes in combination
. vith diabetes—than amongst Europeans in Europe or India. This is all the more
34 . *  remarkable in a country where scarlet fever is unknown, and amongst a
3517 : people where the consumption of alcoholis, comparatively speaking, negligible.
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The gefieral conclusion to be drawn frc m these investigations on the Benguli
is that his physical development—the actual amount of protoplasmic tlssue as
distinguished from fatty tissue—is only such as could be expected fromsthe miser-
able level of mitrogenous metabolism to which he attains—is on a par, in fact,
with his diet. P

5 0 u
We have seen that the average Bengal's nitrogenous metabolism 18 O grms.

«per day—the prisoner’s being 7°55 grms.—and that it is our aim to raise the latter
to 9 grms., or 0°180 grms. per kilo of body-weight.

II. The Behari—We have no very detailed study of the Behari to present, but
such is not absolutely essential for our present purpose. As admirably pointed out
by Benedict, experimental evidence is rapidly accumulating to show that the
quantity of food required has a very intimate relation to body-weight, and that
the actual amount of protoplasmic tissue apparently exercises a marked influence
on the food requirements. The converse of this most certainly holds in the develop-
ment of the individual and in different races, i.e., the muscular development may
be looked on as a function of the diet or, more particularly, of the absorbable
protein of the diet. In this connection we may instance the bountif ul supply of
protein provided by naturein the milk of the mother forinfant nurture ; the success
that has attended the treatment of consumption and other diseases by the systematic
administration of a diet of high nutritive value ; the remarkable resklts obtained
by the Weir-Mitchell line of treatment : in all of these the protoplasuic tissues are
being built up by increasing the nitrogenous intake, in some cases, enormously.
Further, it is very probable that the great decrease in the incidence of phthisis
in England is largely due to the superiority of the present-day dietaries of the
mass of the population.

When we examine the Behari and contrast him with the Bengali we find that
he obeys the same biological law—his protoplasmic development is a function of
the absorbable protein of his diet. We have seen that the Behari jail diet pro-
vides for a level of nitrogenous metabolism which is 2 grms. per man higher thay
the Bengali diet. Accepting the same average for the food of the people of Behar
generally, this would mean the metabolism of 8 grms. of nitrogen (the Beagali’s
being 6 grms. daily). That is, the level of nitrogenous metabolism is at least 20
per cent. bigherin the Beheri thanin the Bengali. In accordance with this we find
in the Behar a much better physical development, greater capabilities for muscular
exertion, a distinctly greater degree of vivacity, briskness and”sprightliness of
manner, The body-weight, and, what is really of most importance, the actual
quantity of protoplasmic tissues, is also on a higher scale of development. It may
be taken that the average weight of the Bengali is to that of the Behari as 110
Ibs. to 120Ms. This difference of 10 Ibs. on the average is practically entirely to




[E—— i — e ———— P Al
{

. 8 207
m 3

be accounted for by the greater mussalar development—the framework, ete., in

2 » the two people being, to all intents and purposes, the same.
When" we come to an examination of the hill tribes it will be seen that the
characteristics mentioned above, the beginnings, as it were, of which are to be
" found in the Behari, are exceedingly prominent in the people around Darjeeling.
They are so much in evidence that, if there were no other differences, they would

on a highly assimilable grotein diet. In the hill people there ave no signs
of the slackness, want of vigour, tonelessness, general slowness of reaction, aud
other physiological attributes difficult to describe, detect and measure, which, to
those who have lived amongst the people of Bengal, form some of the distin-
guishing characteristics of the ordinary working population. Self-absorption
and want of interest in the incidents of every-day life, little power of attention,
¢ observation or concentration of thought—these are some of the attributes of
' all but the better classes and better-fed of the Bengalis.' The Behari does not
show these characteristics to anything like the same extent, and for these and other
3 reasons we may place him on a scale superior to the Bengali but inferior to hill
men. We consider it will be readily admitted by those who have lived amongst
both races that the Behari is, on the average, by fully 20 per cent. a more

» capable individual than the average Bengali of the same class,
Now the question arises: Are there any other factors except differences in
% diet that will satisfactorily account for this higher level of physical development
2 and general well-being ? We believe that the presence of wheat as a component
E partof the diet sufficiently explains the situation ; however, we shall examine some
o _ of the objections that have been brought aainst the view that defective nutrition

» ) results from a low protein intake.

e . Dr. J. H. Kellogg, perbaps one of the strongest vegetarian advocates in the
United States, favoured us, through Professor Benedict, with the following criticism
of our finding, regarding the important role played by diet, and especially protein,
" in the nutrition of the Berfgali, published in the memoir already referred to :—
g “ The weakest part of the report from my standpoint is the remarks which
. she in#eﬁtigatar males in relation to the defective nutrition resulting from the low
protein dietary. I do not think it is at all fair to attribute the lack of endurance
' often seen among the Indians to the low protein diet. There are so many factors
3 which certainly should be taken into consideration: among these are their sexual
P excesses, the depressing effects of the very hof, damp climatein which they
. live and which predisposes to lack of exercise, the injurious effects of excessive

&

@ -« * 1 The inhabitants of Bengal wholive close to the sea-coast and rivers are said to be much more mupseular
= Wu&pﬂiﬂrﬂlﬂxm@hmmmmthmiu!an&:ﬁah{nnnsalﬂrgcpaﬂnfthedi%tofnhncm
to.

form an outstanding feature of demarcation between the Bengali and tribes living.
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" prolonged cﬁpnsure to the actinic rays of the sun, the cause of debility to which
» Professor Woodruff of the United States army has been calling attentiorn with
some considerable show of evidence. Still anbther factor of importanice is the
immature age 4t which these people usually marry. Many of the Indians, how-
ever, are strong and robust people. I understand that an Indian regimént made
up entirely of natives is the finest lot of men in His Majesty’s Servico.”
»  Nowin this apparently fair and honest criticism there are put forward several
definite causes to account for the acknowledged low standard of nutrition in the
Bengali, with its accompanying inferior muscular development, lack of endurance,
and poor capacity for work, _
To enumerate these,—~Dr. Kellogg thirks that sexual excesses, bad climate
actinic tays of the sun, immature age of marria geare causes of more import-
ance than diet in the defective development of the Bengali.

We agree that these causes have undoubtedly an influence in refarding growth
and lowering the general standard of physique, and, if there were no means of
estimating their effects, it would be very difficult to say that they are not quite
sufficient—as Dr. Kellogg believes—to account for the relative di flerences between
Bengalis and Europeans.

Many objections to them immediately arise, for instance as regards climate
and the actinic rays of the sun—Europeans, Eurasians and the better-fed Bengalis
all are equally exposed to these influences, vet retain their energy. Sexual excesses
we lhave enquired into, and, while masturbation may be, and probably is, more
prevalent, excessive sexual congress is chiefly practised by the better classes who
can afford luxuries and possess the stamina lully to satisfy their desires. Im-
mature marriage is undoubtedly a factor, but there are customs with a tendency
to neutralise itsill-eflects : the husband and wife do not live together until the
wife reaches puberty—the husband is usually several years older than the wife, and
the wife spends about one-third of each year away from her husband at her
father’s house or with relatives. Another effort of nature to maintain the standard
is shown by the relatively higher death-rate amongst the children born early in
marriage life ; in fact the death-rate amongst childrenin a large city like Cadeutta
is appalling—showing the weeding out of degenerates in a very thorough manner.
But, while these replies to Dr. Kellogg’s criticisms are important in showing that
his objections do not cover the whole ground, it is evident that they are too inde-
finite to be measured and appraised at their full value, which would, even at the
best, be only a matter of opinion, one school of thought looking on them from a
point of view different to that of another school.

In order, therefore, to get mor: definite and precise information as to the
effects of diet per se we have extended our enquiries to different tri bes—and in
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future will do so to different races—in which the several factors enunerated by

Dr. Kellogg are common to all, the dictaries forning the main point of difference.
In this way we can eliminate the influence of the sun’s rays, early marriages,
climate,-sexual excesses, etc., in fact everything except the rdle played by diet—or
more particularly, absorbable protein—in the difierent conditions that go to make
one class superior to another, or one tribe or race superior to another tribe or race.

At present we are dealing with the Bengali and Behari, and we have no hesita-
tion in stating that the Behari is a stronger, healthier, more capable individual
in every respect than the Bengali—when the same classes are compared, such as
the working cooly or the average prisonerin the jails of Lower Bengal and Behar.

This fact is evidenced by the Belaris® higher body-weight, and even stronger
grounds for this opinion are afiorded by the general appearance and demeanour
of the two classes. They are altogether brighter, fitter and more energetic in
their movements.

The only possibie explanation of fhese differences from Dr. Kellogg’s stand-
point would be the influence of climate. Bebar is drier than Bengal, and has a
temperature slightly lowerin the cold weather, but much hotter during the summer.

The differences in climate, however, are only marked between tlhe extremes
of Bengal and Behar, whereas wherever we find a change from a diet of rice and dal
to one containing wheat in addition the superiority of the Behari at once becomes
evident.

All the factors that Dr. Kellogg lays stress on are present in both Behar and
Bengal and cannot account for the inferiority of the Bengali in physique and
general capabilities.

It may be cencluded —so far as the evidence obtained by contrasting
the Bengali and Behari goes—that diet appears to play the principal part in the
formation of their respective characteristics and general bearing. The difference
in diet, as we have seen, is the substitution of & certain amount of wheat ata for
rice or—tranélated into it§ ultimate effect—the metabolism of from 8 to 9 grms.
of nitrogen daily for the average Bebari, in place of the metabolism of from 6 to 7
grms. of nitrogen daily for the average Bengali. This line of investigation we
hope to work out fully for some of the finer races of the plains of India and more
particularly of the Punjab ; at present we must Test content with the evidence
afforded by the metabolism of the Bengali and the Behari.

Before passing on to a study of the hill tribes we shall take up the last part
of Dr. Kellogg’s criticism, viz., “many of the Indians, however, are strong and
robust people. I understand that an Indian regiment made up enfirely of natives
is the finest lot of men in His Majesty’s Service.” It could hardly be expected
that one who had never been to India would be in a position to differentiate between
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. the different races ; so that the inelusion ol'."l;im Bengali among the great fighting
“races of India is, therefore, quite easily understood. Nor would the p:niu't have
" called for any comment had it not been that the true facts afford still further evi-
dence of the important réle played by diet. The Bengali has never, so far as we
- are aware, in modern times been recruited for the fighting line, and, :;ltf‘lmugh many
regiments were called Bengal Infantry, Bengal Cavalry, ete., not a single man
‘arcying arifle could claim Lower Bengal as his place of birth. We bave no desire
to labour the point, but the question arises: Why is the Bengali unfit for the fight-
ingline when other inhabitants of the plains exposed to, and suffering from, practi-
cally all the disabilities that Dr. Kellogg enumerates—but on a superior diet—are
-capable of exhibiting the firmest courage and maintaining untarnished the great
fighting traditions of their ruce * Thus we have the Sikhs, famous throughout the
world for their endurance and fighting qualities, inhabitants of the hottest plains of
India, yet men of splendid physique and full of energy; the Dogras, the Jats,
Rajputs, all well-known for their own special qualities on the Indian frontier or
wherever courage, determination and endurance are called for. These races labour
under the disadvantages advanced by Dr. Kellogg to explain the relatively poor
.development of the average Bengali compared with Europeans or the warlike races
abovementioned. Even in the various classes of these and allied races differences in
physique, muscular vigour, hacdiness and all those qualities that go to make up the
perfect soldier can be detected. We believe and already have obtained a good deal
of proof that diet, and particularly the level of nitrogenous metabolism attained,
has animmense influence on the formation of these most desirable characteristics
of the races whence is drawn our best fighting material. Further, although we have
made no attempt to advance arguments for or against vegetarianism, it will be
found that those races, whether of the hills or the plains, who are distinguished
above all others for their manly qualities, are never vegetarians, but, on the contrary,
usually large meat-eaters. The Sikh lives on wheat, vegetables and ineat, parti-
cularly pork for which he has a special liking. The Rajput, Pathan, Baluchi, ete.,
are all meat-eaters, while the more or less purely vegetarian races—such as the
Brahmins—are gradually undergoing elimination as recruiting sources for the
Indian army. We shall say no more on this subject at present except to ‘point
out that the evidence bears out the results obtained by contrasting the Bengali
and Behari. Further, that elimination of the several causes advanced by
Dr. Kellogg from our comparison. of tribes or races living under identical condi-
tions as regards sexual excesses, climate, immature marriage, etc., brings out in its
proper aspect the determining influence of diet on the character-formation of a
peopla. Among those tribes where animal food is consumed as a regular part
of the diet, the bolder and more adventurous spirit displayed by the individuals
is very noticeable. Rousseau has no doubt about the matter. ** It is certain,” lLe
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says, ** that large meat-eaters are gencrally more cruel and ferocious than other
men.” .

Expeciments carried out by feeding one series of young monkeys on veget able
and another series on a highly animal diet confirm the same opinion —the meat-fed
animals developing intoc much stronger and far more ferocious adults than those
fed on vegetable material. As we have seenin the work on the nutritive value of
the Bengal jail diets, the addition of meatin any form is a certain means of raising
the level of nitrogenous metabolism. All the evidenee we have hitherto beer able
to obtain points to a high level of protein interchange in the body being accom-
panied by a high development of physique and manly qualities, whilst under the
opposite conditions, poor physique and a cringing, effeminate disposition alone
can be expected.

In a sentence, we may conclude that manliness in a race is a function of 1ts
diet, and that as a rule “ a low state of nutrition is accompanied by torpor or per-
version of conscience; famine has not rarely brought rapine in its train.” The
truth of this conclusion appears from our work on the Behari and Bengali and is
supported by the facts stated regarding the Sikhs, Rajputs, Dogras, Jats and
Brahmins. Hewever, as we have not yet made a detailed study of these tribes, at
the present fime we simply instance them to show that the factors that Dr. Kellogg
lays stress on are insufficient to account for the low developmental co nditions of
the Bengalis, when contrasted with the Beharis or with any of the great fighting
tribes of the plains of India.

We consider it probable that a thorough survey of the food customs of these
Indian tribes, with careful observation of the effects on their respective develop-
nient and character, will go a long way in helping to clear up many of the points
at issue between the Chittenden school and those opposed thereto, and between
vegetarians and those who believein the advantages of an animal protein forming
a fair proportion of the total nitrogen of the diet.

III. Hill-tribes of Bengal.—By far the best specimens of the hill-tribes of
Bengal are to be found in Darjeeling district and its neighbourhood.

They may be divided into two great classes, each with two sub-classes : —

¢ 1. Bhutias,

1, Tibetan Bhutias and Nepalese Bhutias.
2, Sikkim Bhutias or Lepchas.
II. Nepalese,
1. Chuttries—higher classes (Brahmins).
2. Matwales (Mangar, Jinidar).
These tribes inhabit hills whose height is about 5,000 reet above sea-level. The
climate is not so cold as that of England—misty and wet dunng most of the

gummer months ; cold, bracing and clear in the winter, The contrast between
9 E2
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the Bengaﬁ’a‘nd the inhabitants of these hili'is exceedingly mdrked. They appear
more like people of different parts of the universe rather than neighbours separated
by barely 50 miles of country., Some of their more prominent characterist es have
already been alluded to, and strike the new-comer very forcibly. The men, womeh
and children are jolly, light-hearted, always laughing, joking and chafting, the
children playing, skipping, singing as they run about, very much in theway children
.do in England. This is all the very antithesis of what will be found in Bengal
propér and Orissa. The children in Bengal are poor, miserable, pot-bellied little
creatures with little or no jov in their lives compared with these happy-looking,
well-fed children of the hills. The hill-people generally are healthy, strong a nd
well-developed, some being of really fine physique ; they are full of energy and
capable of the most arduous and sustained muscunlar exertion. '

The loads that even the women and half-grown children are capable of carry-
ing up the steepest hills areineredible and, until seen with one’sown eyes, would
certainly not be believed possible.

So far as could be gathered, two factors account for the marked contrasts
between the Bengali and these hill-tribes, viz., climate and diet. The other factors
mentioned by Dr. Kellogg are even more in evidence, particularly sexual excesses,
than in Bengal. While we have no doubt climate has a great deal to o with the
higher scale of general development and capabilities, that it is not the whole story
can be shown by a comparison of the several classes living under pracfically iden-
tical conditions but with difference in dietary forming the one outstanding
influence on their respective attributes. We can thus by a study of the different
classes eliminate to a very great extent the effects of climate, and appraise at its
proper value the influence of the different dietaries on the physique and general
well-being of the mass of individuals forming the several tribes.

We shall take up the facts that we have been able to collect under the follow-

-

ing headings :— 4
(1) Facts of physical development.
(2) Different diets of the several classes. - .
(3) Investigations on nutrition of prisoners in Darjecling jail.
(4) Conclusions. &

(1) Physical development.—As the number of prisoners in the Darjeeling
jail was very limited—these tribes are usually very well-behaved, only rarely
committing serious crimes—we had to make arrangements for collecting the
required information outside the jail. This we were able to do in the bazaar,
hospital, Bhutia villages, amongst coolie gangs, etc. The following summary
gives the results obtained :— .

Bhutias . > . 140 men examined.
(a) “Tibetan Bhuti=s.

e
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: Height varies between 5 feet B,inches and 5 feet 7 inches.
Tallest—>5 feet 9 inches.
Shortest—5 feet,
4 . Chest girth varies between 35 and 37 inches.
| o : o Greatest—38 inches. 3
: Smallest—32 inches.

E (b) Sikkim Bhutias commonly called Lepchas.
. Height varies between 5 feet 4 inches and 5 feet 6 inches.

Tallest—>5 feet 7 inches,
Shortest—>5 feet.

o

Chest girth—the same as in the Tibetan Bhutias.
. 2 (Pure Lepchas are slightly smaller in stature than these.)
3 Nepalese . 2 . 64 men examined.
2 Height varies between 5 feet 2inches and 5 feet 4 inches.
o : Tallest—5 feet 6 inches.
' Shortest—4 fect § inches.
Chest girth varies between 32 and 34 inches.

Greatest—36 inches.
Smallest—30 inches.

D e

Nepalese Bhutias are probably the finest specimens of manhood amongst the
hill-tribes. They eat up to 2 Ibs. of meat per day. Coolies drawn from this source
*  have been found to give the greatest satisfaction in expeditions and explorations
of the Himalayan ranges. Although the hill-men as a class are naturally healthy
and hardy, the Bhutias as a general rule are stronger and better developed than
. e the Nepalese—the Tibetan Bhutia being a particularly musccular hard-working
= individual ; most of the hard work, such as carrying dandies, rickshaw work, etec.,
being done by them alone.

The women are equally well-developed and capable of the hardest work. Even
- the young girls think nothing of carrying the heaviest trunks or boxes up the

very steep paths and roads in Darjeeling and its precincts.
Tt-may be taken generally that the Bhutias do the greater part of the hard
b labour; the Nepalese are usually to be found working as ordinary coolies or as
o It will be observed from the statistics collected that the Nepalese are con-
siderably smaller in stature than the Bhutias. They are also less hardy and less

LS
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The caif is well-developed also in the Mgpalese, but on a somewhat lower scale
than in the Bhutias. .

The Bhutia from his earliest years is accustomed to the carrying ofsweights—
and usually the heaviest weight that he can just stagger under ; as yests go on and
strength improves his capacity for weight-carrying gradually increases until in
adult life weights of 200 Ibs, and over are easily managed. A working cooly

_will go on carrying such burdens all day—making trip alter trip in a way
never seen in Bengal. The constancy of the Bhutia’s working capacity is
another noticeable feature when contrasted with the methods of the Bengal cooly,
who, after even the slightest exertion, must have a rest and if possible a sleep.

Amongst the hill-tribes themselves the Nepalese and Tibetan Bhutias are the
finest men in every respect, next come the Sikkim Bhutias and then the Nepalese.

Let us enquire what the dietaries of these tribes show.

(2) The different diets of the scveral classes.—In order to get the necessary
information on this important point we enlisted the assistance of an Assistant
Surgeon—Assistant Surgeon Swolle—who is himself a hill-man and has full know-
ledge of the language and customs of the different tribes. With his help we were
able to obtain very precise information. The following list gives some idea of
the dietaries of these people under their natural conditions :—

I.—Bhutias.
(@) Tibetan Bhutias, also Bhutias from Bhotan (dandywallas, coolies, etc.,
who perform the hardest work).

Rice . : : - 3 . 241028 ozs.)
Meat (beef generally or mutton) . 16 to 20 ozs.
Vegetables (potato, cabbage, carrots.

R s E : 2 S o 0088 Average wvalue of the diet coms
Butter . ; . 3 . 4 pzs. Dated O i o8 e
Bread . . : : . GtoBozs

L nitregen or 175 grms. protein, of

G}"EE“, e ¥ i 7 o which well over 60 per cent. is
Alooholic liquor, & home product e e S
called murwa . - . . 2 pints :
or
Tea prepared with'l oz. of tea, butter o

and soda . 5 - : Q.8
. (b) Diet of Tibetan Lamas (priests and those who have not such hard work
as the dandywallas, etc.).

Rice . . . : : . 181022 ozs. ﬁ;'i:ra.ga valie computed to be
Meat . . - . - . 14to 18 ozs, 25°6 grms. of nitrogen or 160
Vegotablesasbefore . . . Gto 8 ozs >  gums. of protein of which over
Chutto (s food prepared from pulse) 8 uss.J &0 per cent. is derived from a
j]gonﬂ}iﬂ hqllﬂl . - . . 1—-2 Piﬂtn ammal source.
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(c) Gensral diet of the more poorlj-fed classes who earn lower wages.

Rice . - . . - . 16to 18 ozs. Average value computed to be 24
Meaq . . - ! T, 16 m} grms. of nitrogen or 150 grms,
Vegetables : : : : Sozs. ¢  protein of which over 70 per
O ) e e 2o0zs. |  cent. is derived from an animal
Aleoholic liquor - 2 pints J source,
(d) Diet of Sikkim 'Bhutms [h‘ud working classes).

Rice . A . - 16 0zs.) Average value of the diet com.
Meat . : ; . i 16 ozs. | puted to be worth 21 grms.
Vegetables, wine, eto. . . : asimfcm} nitrogen or 131 grms. protein
Dal . . ; . - ; 2 ozs. of which over 70 per cent. is

,J derived from an ammal source.
*  (e) Diet of Lt,p-n.hus {puarer classes of Sikkim Bhutias).

Rice . - o . 28 to 30 ozs,| Average value of the diet 18°5
Meat : 3 i ; . &tol0 ozs. ‘L grms. of nitrogen or 115 grms.
Other items ssme as before. protein of which about 50 per

:! cent, is derived from an animal
) source.
II.—Nepalese.
() Matwali of the higher classes—Chuttries.

' Rice : Sl Sy 16 025.]  Average value of the diet 19-2
Dal . c : : . . 4 ozs. grms. or 120 grms. protein of
Meat (nover beef) . . . 8o0zs. L which less than 40 per cent. is
Vegetables, ete. . 3 - ; 8 ozs. i derived from an animal source.

Aleoholic liguor : 3 . 1—2pints J

(b) Nepalese matwali (cultivators, coolies of poorer classes).

Rice . . . - . . M to280zs.) Average value of the diet 17'5
Dal . 4to 6ozs. | grms, nitrogen or 110 grms, of
Meat {whnn it can ha uﬁord&d, usually” !. protein of which only a small
once a week) . - Sozs.|  percentage is derived from an

Vegetables and aImholm hqunr . asbefore)  animal source.

All drink tea and aleoholic, liquor ; sometimes maize replaces part of the rice,
‘and bread is taken when it can be afiorded.

These figures only give the averages and are probably rather below than
above the mark. They are quite sufficient to show how very superior the
‘dietaries of these hill-tribes are compared with those in use in Bengal. The
list discloses remarkable results ; it may be taken that the average protein valie
_of the dietaries of the Bhutias is about 160 grms. and of the Nepalese 115 grms,
The most important point, however, is not the large amount of protein but the
manner in which the total protein is made up. We have shown in detail how
poor the protein absorption is from a diet consisting of rice and dal, and how
marked an influence the addition of an animal protein exerts in raising the level of

+*

_absorption. ’

. o o
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Here :vm have in vogue amongst the’ Shutias dietaries in whichover 60 per
cent. of the nitrogen is derived from an animal source ; even accepting that the
whole of the rice of their diet was consumed, this in itself would mefn that the
level of protein metabolism amongst them is relatively very high. Further, the
constant hard work of their daily round ealls for a very large expenditurcof energy,
go that the digestion of rice and other carbonaceous ingredients of the diet is also
placed on a higher level thanis foundin the Bengali ; we may takeit, therefore, that
at least 75 per cent. of this diet is absorbed under natural conditions, (Thisisin
all probability too low an estimate, buf it may be allowed to stand asit errs
on the right side.) That is, the Bhutia shows a nitrogenous metabolism of
about 19'2 grms. per day, or per kilo of body-weight 0°35 grm. of nitrogen.
The average weight of the Tibetan or Nepalese Bhutia is, over the numbers weighed,
60 Lilos or 128 to 132 Ibs.! We see, therefore, that the level of nitrogenous meta-
bolism is practically three times that laid down by Chittenden, and twice that
of the standard to which we hope to raise Bengal prisoners.

By the same method of caleulation the nitrogenous metabolism of the
Nepalese and poorer classes of the Sikkim Bhutias would work out at an average
of about 13 grms. ov the metabolism of 0°25 grm. of nitrogen per kilo of body-
weight ; whilst that for the Nepalese cultivator and poorer classes of Nepalese is

lower still, due to the absence of meat except on one or two days a week. We, .

therefore, find that the dietaries show a gradual decline in the amount of nitrogen
per kilo of body-weight undergoing metabolism, and, in accordance with this
observation, it will be evident there is an sccompanying gradual fa]l in the phy-
sique and general developmental conditions of the different tribes from Nepalese and

Tibetan Bhutia to Sikkim Bhutia, and lastly to the lower classes of the Nepalese.
This can only be explained on the basis of differences of diet : for the other factors
put forward by Dr. Kellogg are common to all the tribes and particularly to the
individuals examined in and around Darjeeling. To anyone who has seen
the strong, muscular dandywalla and the altogether slighter though compactly
built Nepalese no evidence will be required to bring out the superior physical
development of the former ; and when along with this we find the Bhutia reaching
a level of protein metabolism much higher than the Nepalese, the conclusion that a
close relationship exists between the scale of protein metabolism and muscularity
is justifiable.

" The evidence, therefore, afforded by investigations on the dietaries and gen-
eral development of these tribes corroborates the conclusions already arrived at
from a comparison of the Bengali, Bebari and—incidently—the great fighting
tribes of the Punjab, viz,, that physical development, other things being equal,

! With the assistance of the District Superintendent of Police in Darjeeling—>Mr. Bradley fai
Hamilon, LM.S., was able to obtain ﬂm weighmwents of 100 dandywallas [Tibetan m_gl?tpﬂﬂa Bhuii—{hu], F'l;‘]]:f;
avesage weight was practically 60 kilos,

==
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me is fumtmn of the protein metabolism possible from the diet. It is worthy of
note that there is very little dysentery, diarrheea or bowel complaint present
amongst the individuals of these tribes. The stools are well-forméd and regular, 4
and very“much a contrast to the semi-fluid excretion of the Bengali. 1'
We made some observations on the blood of the Bhutias and Nepalese in {
Darjeeling jail, but no difference of importance could be detected. Thus the "
average of 28 observations gave :— .
Bhutea. Nepalese. 1
Hmmoglobin . - : - 3 i 8407 8404
Redb.Corps . . . . . .DB5360,000 5,280,000 E
White b. Corps . . g 9,660 I
- As these prisoners get the same chet nl*ule under confinement in all probability |4
' any rtacial differences in the composition of the blood would have disappeared. |
It was found impossible to get blood from these outside the walls of the jail, so 4
. that differences may exist.
| (3) Investigation on the nwirition of prisoners in Darjeeling jail i
TABLE XXVI. |
(@) In order to obtain some idea of what the level of nitrogenous metabolism
of Bhutias and Nepalese would be on a diet more ot less similar to their accustomed
. diet, we placed a mixed batch of six prisoners on the following :—
. Rice ©  + & < . . 120028.=20 ozs. per man. !
i o Dal . 4 3 5 . 5 . 2fors= 4oz |
o Meat . % 3 2 . . YGozs.=160zs. ,,
= Vegetables 3 - : - S6o0z8.= Gozs. ,,
L=}
CRE S Observed for my,e cunsecutlve days. |
: )
° " Quant TotalN.| N.of | Nof | Nof Heod .
sl S [l | m [ Bt Meat, | JYoge | Weight 1
—_e—-— = c. o, | grms, | £ITs, Erﬂ]ﬁ frms, " grms. lba.
3 (| %10 | 89-62 | 3744 | 2505 | 65-30 | 2-83 | 123-g
» o 11,1377 89-70 ¢ 3744 | 2503 3530 2.83
» 11,620 | 8830 | 3744 | 2505 | 06530 | 283 2
Ed 1,000 | 91:20 | 3744 | 25-05 | 6530 | 2:83 |123.6
lrﬂindli’:ﬂ,ﬁnnnd Nopal- | 11,300 89-68 J| 3744 25-05 65-30 2-83 -
b 2 9,000 | 9198 3744 | 25-05 | 6530 | 2-83 o .-
13,380 05:-81 | 37-44 2505 65 - 30 2:83 123-5+ g
y . 11,760 | 97-63 | " 3744 | 23-03 65-30 | 2.83 = l
o] _ i 12000 | 101-80 3744 | 2505 | 6530 | 2-83 |123-6

otal intake of nitrogen=1175"58 grms.  Total outpat
<L i N. of Urine - . .=83581 grms.
0°5 grm. daily constant o =27:000

Total nitrogenous metaholism .=862'81 ,
SUA (L 4 =T3"90 per cent. ufthamttogan the diet
gt - or 15798 grms. of nitrogen per man daily. %
i . .
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We, therefore, see that a fairly high perce;a.i::uge of the total nitrogen of the dict is
absotbed even though it does contain a large amount of rice. The metabolism
of practically ¥6 grms, of protein per man daily is very much greater than anything
we found in the Bengali or Behari, and makes very evident the superiov type of
diet that these tribes live on. For these six prisoners the mitrogenous
metabolism works out to be 0°284 grm, per kilo of body-weight, over two and a .

B ——

: half fimes the quantity stated by Chittenden to be more than sufficient to meet the i
. . ; . s s s 2 1
nitrogenous requirements of the body ; yet this diet is not by any meansso highin ;:
- L o - -
protein as that to which the well-paid and superior classes of the Nepalese and 7 )
Tibetan Bhutias arve accustomed. This diet is worth in round numbers about - '
140 grms, of protein, whereas the dietaries of the Tibetan Bhutias may be taken to
have an average value of 160 grms., with a maximum approaching closely 200 s
to 220 grms. per man daily.
|
(6) In order to determine the degree of nitrogenous metabolism attained =3
by Bhutias and Nepalese on the ordinary jail diet we placed a mixed batch of six
prisoners on the diet in use in Darjeeling jail.
is diet appears to vary in the quantities of the different ingredients
This diet app t v in the quantities of the different ingredients from |
a ay, but it 13 made up of . . . . Rice, makkal ata, rridge) dal an
day to day, but it de up of R kkai ata, (porridge) dal and
o
vegetables. . 1
g\
Siz prisoners chserved over ten consecutive days. 5 : 2
| q
Total v 5 N. of N.of N. of
Bateh. quantity EF?:L?E .;'l%c‘f Malckai Arhar | Vege- | Weight. ;
{ of Urine. . ol ata dal. | tables ,J
L2 | | . | |
i e T |' I o i
e. C. Erms. grms. grms. o grms. grms. 1hs. ;
9,370 48-33 20-50 4233 i 35:64 | 9-83 125-3 i
| .
0,760 | 52-60 = 2089 | 42-55% | 35-64 2.83 \
1 | = i - {
2,710 53-55 25-08 | 31-75 | 35- 04 2-83 . ' i
| B
11210 | 4708 2059 | 4233 | 3561 2.83 . 2
10,500 | 4645 20-59 iI 36-82 35-64 2-83 s 1|
Six prisoners in Darjeel- h= s i A
ing jail. 1,00 | 4748 3149 s 3564 2.83 4
10,400 l 45-84 48:67 | .. 3564 .83 [ = :
[ n i
11,800 | 48-03 20-59 31-31 do-64 2.83 .. ri
0,520 | 50-37 2069 | 4253 | 3564 2.83 A &= o I,r*“i
: ] T
s & ° 12,470 ! 51-85 | 28:08 | 1862 | 3564 2-83 | 125-4 f :
et ’
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i This diet works-out to be on an axerage over the ten days :— b . :
> Eg e L L g Mo !
PR - L R :
RIS e e v e B per man daily. :1
4 A S P ' I
. 1 [
= Total intake of nitrogen=935"28 grms. Total output . o \
N. of Urine . 2 . . 492+68 grms.
i ' 0+0 grm. daily constant . a0:00
. Total nitrogenas metabolism . 52268 ,, i
=5528 per cent, of the nitrogen of the diet. . 4
=871 grms, of nitrogen per man daily. u|
- .
1

From this we learn that hill-men, when placed on a diet very similar to the makkai i
ata diet of the*Behari, give practically identical results as regards the amount of
protein undergoing metabolism.

G This irvestigation further brings out the fact that the jail dietary is very

inferior to tlie ordinary scale to which these tribes are accustomed in their own : {
homes. This jail would, therefore, appear to be the only onein Bengal where the
" prisoners are not better fed inside the jail than outside. The difference is very .
marked as-regar-:ls the protein metabolism; in round numbers we found if to !

k-3
-3

L Eia mﬁespnnd 1o 16 . of nitrogen per man daily, whereas the jail diet only
i provides for 2 metabolism of about 9 grms. of nitrogen per man daily. From
the gta.mipqnt ﬂf a well-fed Bhutua; the jail food would be considered ahsnlutely

":l,ﬁ m’undm ;maan. -
111 order to detexmine whether the nitrogenous metabolism of Bhutias
.palese would be similar to that of Beharis on a wheat ata diet we placed
Bhutias and Nepalese on tILe Ehet from which was obtained the
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Tuweloe Bhutia and Nepalese prisoners observed for five consecutive days.
Total > =l : . X. of N.of Noof |
Bateh, fuantity .]{n;}hl.h: [ ﬁ‘. :J{ Wheat Arhar Vege-  Weight,
] | of Urine, LB R i a0 atn. idal. tables,
T bl TR N e . £
o, grms, Zrms, rms. grms, g, 1,
rl 12,930 125-32 EERY G7-38 7156 DG 1220
I |
i | 15,600 12148 44-04 G7-38 71-56 5+ Gl LT |
Twelve prisonera in Dar- 17,520 22-34 | 4404 7+ 38 71-56 LI 1232-0
jeeling jail.
1 17,150 116-32 1404 G7-38 7146 GGl 1220
|
L lo.sen 12303 4404 G7-38 71-50 e Gl 1221
1 |

Total intake of nitrogen=947-70 grms. Total output—

N.of Urine . - . . G42-39 grms.
0+5 grm. per man daily constant 30-00 .,

Total N. metabolism . v e DISDL o,
=70"90 per cent. of the N. of the diet
=10°70 grms. of nitrogen per maxn daily.

We again learn that these hill-men give practically identical results with the
Behari prisonersin Bhagalpur jail when the two classes were placed ofi similar diets.
It is, therefore, evident that the protein absorption from a diet depends entirely

on the way in which it is made up, and not on the greater or less absorptive power’

of one individual or race compared with another individual or race. This
finding we have plenty of evidence to prove and have already referred to it in
previous parts of this work. °

A comparison of the level of nitrogen metabolism attained by Bhutias and
Nepalese, when placed on the most efficient Behari dietary, with theit nitrogenous
metabolism when on a diet only approximately as nutritious as that to which they
are accustomed, again serves to bring out clearly the gréat superiority of the diet-
aries of these hill-tribes. -

From the evidence adduced there would appear to be no doubt that the
splendid physical development seen amongst these men is due very largely to the
highly nutritious food materials on which they live, under the natural condi-
tions availablein the earlier years of life when growth is taking place.

(4) Conclusions arrived at regarding the relationship of food to physical develop-
ment.—We have shown that it is quite possible for an individual to subsist on the
amount of protein stated by Chittenden to be sufficient ; in fact, there can be little
doubt but; that the teeming millions of Bengal have an even lower level of

Tt
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nitrogenous metabelism than Chittesden’s standard. So far, our work corrobo- -

rates his results. But when we look at the other side of the question and make an
attempt to estimate what the effects of dietaries, providing so low a standard
of nitrogen absorption, are on the physical well-being of the people we are forced
by the évidence to attach much greater importance to the glaring ill-effects of such
diets than to their physiological economy or the supposed advantages of a low
protein intake to the excretory system,

-

From a study of the urine, blood, physical development and general copabili-
ties of the Bengali we expressed the conviction that the diet on which he subsists
was largely to blame for his miserably poor physique and want of vigour. Nothing
we have learned in this further study has tended to contravert that opinion ; on
the contrary, the more the subject has been gone into the stronger the evidence
becomes of its correctness. It is admitted by everyone that, compared with the
working European, the Bengali laboureris ona very low scale ; vegetarians and
the followers of Chittenden have assigned every possible cause that could be
thought of, except diet, as offering a full and complete explanation of the Bengali’s
inferior capabilities. We bave discussed these hazy, ill-defined influences and,
whilst admitting the probable force of some of them, have largely eliminated
them by contrasting individuals, tribes or races in which all these factors are
identical, but in which diet alone forms the distinguishing element, or—to put it
more correctly—in which the level of protein metabolism forms the great line of
demarcation.

From this point of view we contrasted the Bengali, Behari and some of the
great fighting races of the Punjab—all inhabitants of the plains, of the same or
closely allied religious beliefs, and customs regarding marriage, and under
climatic conditions that are practicallyidentical ; the evidence of the rightful posi-
tion of these races in the category of men, and their respective claims to manly
qualities fdrce us to the same conclusion, that diet or absorbable protein is the all-

important element in the development and character-formation of a people.
» w
From a study of the hill-tribes around Darjeeling we have been able to gather

most important information bearingon this question ; and again, it becomes evi-
dent that the well-developed and more muscular races are those whose dietis very
superior in the amount of absorbable protein it presents. We need not go into
details of the work earried out on these tribes. The main fact, so far as we are at
present concerned, is that the Bhutia, by far the most capable of these people in
those occupations requiring great muscular exertion, attains a nitrogenous meta-
bolism much higher than any other tribe, or, indeed, any other race that we have
investigated.. Just as was the case with the inhabitants of the plains, so we find
with the races in the hills—variations in the amount of nitrogenous: metabolism
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; appear to be the determining factors of the several causes tliat go to. relegate,
- fix and maintain the position of a people, tribe or race in the scale of mankind. . p
y Of all the different races that we have investigated the scale of the refative de-
velopment, vigour and general muscularity is easily fixed. The following may be
taken as showing how the several tribes would be placed, together with the several
degrees of nitrogenous metabolism per kilo of body-weight tewhich they
Aatlain (—
{li Bhutias— N. per kilo of body-weight.
Nepalese Bhutias . . - . 0742 grm, (very highly animal diet).
Tibetan and Bhotan . i . i s
Sikkim Bhutias - ; - S L T
(1) Nepalese . . . . . .0°18to0'35gmm.
(#1d) Beharis . . - i v . 0145 grm.
Prisoners L . - g . 07173 grm.
(iv) Bengalis and Ooriyas : : . 0°116 grm.
Prisoners : : ¢ Y . 0-151 grm. &
The close relationship between the nutritive value of the several dietaries and
its influence on the physical development of the different peoplesof Bengal is
clearly brought out by this list with its accompanying scale of nifrogenous
metabolizm.
The aboriginal tribes of Chota Nagpur—We shall conclude, and complete the R
work done in Bengal, by a short summary of the information supplied us with % ; . i
i
{

regard to the aboriginal tribes inhabiting the Ranchi plateau. s .
Major Maddox, LM.S., Civil Surgeon, Ranchi, kindly collected this informa- ' o
tion for which we are most grateful. o
In Part I, Chapter IT, Section (2) (c). will be found an aecount of the experi- ) :
mental work carried out on representatives of four of the principal tribes, vz, .
Pater, Moonda, Swansi and Uraon. o &
We found on the whole that the level of nitrogenous metabolism was distinetly
on & higher scale with these men than was the case vith Bengaliz and Ooriyas
on a similar diet. What the true explanation of thisis we are notin a position to
state. o 2
If we had obtained similar results with the Darjeeling tribes it might have
been justifitble to assume that people inhabiting the hills, and accustomed to
o ; a better diet than inhabitants of the plains. were able to absorb a higher percentage
o o8 ﬁfﬁfﬁg-pmtein from an identical diet. But, while the Darjeeling tribes did show a : =
3 slightly better protein absorption than Beharis on the same diets, the difierence -
fs too small to be any proof that such an assumption is absolutely right.
~ The characteristics on which we laid such stress when discussing the Darjeeling b . Tk
£~ iﬁmﬁ%&pwm be found amongst these akorigines. While of no great size,

4 .
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the average aborigine is a most mﬂa‘iﬁa worker, bright, cheery and alive to Lis
Emmﬁn@mga. In muscular development he is very superior to the Bengali, but,
as wonld be expected from his diet, inferior to most of the Bhutias and Nepalese.
His physical development and general capabilities would again confirm the con-
clusions already arrived at from a study of the Bengali, Behari and Bhutia, viz.,
that the position of a tribe or race in the scale of physical development is la.rtrely'
a matter of the amount of absorbable protein offered in the dietaries.

The differences in the natural dietavies of these four tribes are not sulhmcnt.]y
well marked to show any real distinetion in physical development. We append
the notes which Major Maddox was able to obtain.

Pators or Paters.

These people were originally Mundas, but have now become completely
Hinduized.

The Pators, or Pator Mundas as they are often called, are only found in what
used to be the Rahey thana circle, this part now being divided up between
the Sonahatu and Silli thanas. Closely related to them, and practically similar
in all respects, are the Kangar Mundas found round Ranchi itself and Khuvti,

It is not known how long ago these people became Hinduized, but theve seems

to be no doubt of their origin.
Thougle they speak Hindi and Bengali to some extent, thalr language among

themselves is Mundari.
They eat the flesh of fowls and goats, but ~ever eat cow or buffalo or pig.

They consider themselves higher than Mundas, Uraons, Sawansis or Lolars,

and do not intermarry with or eat with them.
The original svork of the caste seems to have been oil-making and selling,

but now they also do some cultivation.
The géneral physique of these peovle is better than that of the Mundas so far

as can be seen.
&

; e
Average height and weight of 100 Pater prisonacs, Food at liome, daily quantity and apimal food taken.

Height — 5~3. " . . « « « o Daily consume about 22 ozs. of rice, £ ozs. dal.

ght — 104 Ibs. Generally drink Hari (a form of wine)
- . . every night before supper. Also take
; fish, meat, mutton, milk and lowl.

Mundas.
; bjr Colonel Dn.lb:m as Enlanans, appear not to be con=
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It is believed that at one time they peopled the whole of Northern India, but
they never seem to have gone to the southern part of the Peninsula. &

They have also been identified with a black race who for a long time peopled
the southern part of China, and was finally driven out by the Chinese after
many years of extremely bloody warfare. b

They can also be traced by some physical peculiarities and by certain rules
6f thejr language to be connected with some of the aborigines of Australia ond
the South Sea Islands.

L aminformed by the Revd. Father Hoffmann, 8. J., that there are more than
one hundred words in Mundari which are pure Chinese. Amo ng these are several
of the numerals. _

In more recent times, comparatively, they were found in Behar, and it is
believed that on wandering thence they at last found themselves on the Chota
Nagpur plateau, where they seem to Lave been the first settlers. It is difficult to
say how long they have been settled on the plateau, but probably they came hither
before the Christian era. They now chiefly occupy the southern and south-eastern
portions of the district of Ranchi. 3

In physique they are short, and their skins are darker in colour than that of
any other people on the plateaw. As children they may occasionally have some
pretensions to good looks, but these are practically never present in adult life in
either sex. 3

Their diet is universal and they eat all kinds of flesh including that of rats and
snakes. They also eat certain insects.

Their cattle are all used for ploughing. Consequently the cows are seldom
milked and it is probably only at the seasons when little or no ploughing is being
cartied on that cow’s milkis used to any extent as a food. n fact, if a woman
dies leavinga small infant it is only 1n a very small percentage of cases that the
child has any chance of surviving. "

Average height and weight of 100 Munda prisoners, Food at home, daily quantity and kind Bf animal food
taken.

n

Height — 5-31" . . : : Y . Rice and dal in both the meals. Quantity
Weight — 1074 lbs. same as Pater.  Also take fish, milk, meat,
= mutton, beef, pork and buffalo. '

#

Sawunsis,
These people are Mundas Hinduized at a remote perind.

They are the weavers of Chota Nagpur, being found.in neatly every village,
where they live among the other people carrying on theit work as weavers of

_ .the cvarse country cloth worn by the poorer chsFea.

3
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As thay seldom own any land they are dependent on the villagers, who bring
them the cotton grown by themselves. They consider themselves to be Hindus
and will ot eat or intermarry with Mundas or Pators. They do not eat the flesh
of cows, buffaloes or pig, but goats’ flesh is their staple diet, and, as 1t is difficult
for them to keep goats as they have little or no land of their own, they have
developed into a caste of professional thieves, the principal thing stolen by
them being goats which they promptly eat.

The Revd. Father Hofflmann, 8.J., fromwhom my information about these
people is derived, tells me that they live on goats’ flesh which is nearly all of it

stolen.

Average height and weight of 100 Sawansiz, Food taken by them.

Height -5-3° . . : . - . Rice and dal in both the meals. Quantity

Weight — 100 Ibs. and time of food same as Pator and Munda.
They also take fish, meat, mutton, and
fowls,

Uraons or Oraons or Ehurunkh.

These people are classed by Colonel Dalton as Dravidians and be states that
they are relted to the peoples of the South of India, and that their languages are
closely related. He considers that they came into India from the North-West
at the same time g8, or at a later date than, the Kolas from whom the Mundas
have their origin.

These people, like the Mundas, aresaid to have been at one time in Behar
and then having wandered westwards to have returned and for some time to have
settled around about Rohtas, or possibly that they came from the west about
Gujrat in which they had settled. When driven thence Some are sald to have
wone to the Rajmahal hills, and the rest to the Chota Nagpur plateau to form
the race now occupying part of the plateau and known as Oraons ot Khurunkhs.
This is believed to have occurred about the time of the Christian era or at a
later date than the Mundss’ migration.

These people occupy a portion of the Ranchi District extending from near
Ranchi town westwards and north-westwards.

In physique they are distinctly *fner than the Mundas and, at any rate in
the =arlier years of life, manyof both sexes have some pretensions to good looks.
As they grow older they degenerate rapidly, and the forward projection of the
upper jaw and teeth which is a distinctive character of these people becomes much
more noticeable and disfiguring.

In intelligence they are above the Mundas. Many who have emigrated to
the tea-gardens become remarkably intelligent and raise themselves considerably
above their original level of social life and comforts. .

-
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Their diet in their native conditions i3 practically anything that, they can
catch including jackals, snakes, lizards and insects. At their feasts they cansume
large quantities of buffalo meat. They always eat meat when they canget it and
are specially fond of pork. They are clean in their persons and fond of personal
adornment with beads, coins and necklaces made of grass and seeds and other things.
The females are all tattooed in childhood with three—usually vertical—marks on
the forehead a little above the toot of the nose. Although their cows are used
in pldughing, milk is made more use of as an article of food by them than by
the Mundas.

It is rare for any aboriginal people to cook food more than once a day. The
riceis cooked in the eveningin sufficiently large quantity to provide for fwo meals,—
one portion is eaten with hot vegetables, meat anc condiments at night, and the
remainder is kept and eaten cold, frequently only with salt, at any time from
about 8 A, to noon. :

Average height and weight of 100 Uraon prizoners. Daily food, ete.
Height —b5' 33 . : : - . Rice and dal at both meals, Take marooa
Weight — 107} 1bs. bread as morning meal,"in the season of

the year (August and September). Quantity
game as Pater, Munda and Sawansi- =
Animal food same as Munda or in larger

quantities. -

This concludes the work that we have been able to perform on Bengal jail”®
dietaries and on the different problems that have cropped up during the course
of our enquiry. One of the most interesting questions is undoubtedly the o =
relationship of the degree of nitrogenous metabolism to physical development
and the general characteristics of the people of a race. We have brought a good
deal of evidence forward to show that an intimate connection does exist, and that
diet 15 a pnwerf;ul factor in determining the position oiﬁa tribe or race in the scalee . @

i

of mankind. 2
This line of research we hope further to elaborate from a study of the great
fighting races of the Punjab and Rajputana ; 4t present we know enough to say that
a diet of rice and dal does not appear to conduce to the formation of the special
characteristics that are desirablein those recruited for the fighting line, nor to  *©
the muscular development essential for the performance of a liard day’s work. A
On the other hand, in those races where an assimilable protein, and particularly -
an animal protein forms part of the ordinary diet, muscular development and :
good fighting qualities seem to be intimately related with the level of nitrogenous e o ol

metabolisia attained.

(e
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