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BENGAL JAIL DIETARIES

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

INTRODUCTION.

HE investigations that have been engaging the attention of the staff * of the

Physiological Department of the Medical College, Calcutta, have, we hope,
shed a considerable amount of light on the nutritive value of Indian food-stufis,
and particularly on the nutritive value of jail dietaries in Bengal. They will also
be found to have a very distinet bearing on the much discussed problems of
putrition.

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. The im-
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-
stuffs in the dietary of prisoners.

The present enquiry is limited to the jails of Bengal. The work began on the
15t February 1908 and has been going on practically continuously (so far as other
official duties permitted) for the last eighteen months.

Historieal.

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
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-stuffs afforded a direct
measure of their nutritive value. Further, the diet scales laid down for Indian
prisons have all been calculated on the result of chemical analyses and not on the
actual nutritive value of the food materials, i.e., the percentage of their proximate
principles that is capable of being absorbed by the intestinal tract of the prisoners

* Three Assistant Surgeons were employed on the enquiry, viz. r—
Satis Chandra Banerji, LM 5. Assistant Professor of Physiology.
Lal Mohan Gheshial, L.LS.

wologt . Medi
Madsn Mohati Dubta, LM.S.} Demonstrators, Physiological Department, Medical College, Caleutta.
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The present enquiry aims at estimations of the actual amount of some of the
proximate principles— especially protein—that 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 Major T. R, Lewis® writes : “‘A mere tabula: statement of the several
ingredients constituting the several diets would be of comparatively little 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 use of in the economy.

It 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
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 wounld also appear to have been based on those in use in the pri-
sons of European countries, an allowance being made for difference in weight.

So far back as 1881 Lewis wrote, and 1t is equally true ‘to-day:—* So far
as [ 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 exertion, 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 Kurope 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
reference, is an able and interesting memorandum by Surgeon Major I. B. Lyon,f
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,

We need not go into the details of this paper: it will be sufficient for our
purpose to say that the work done by Dr. Lyon was carried out from the exactly
opposite point of view to that recorded in this memoir.

Dr. L}f{ln found that native prisoners in the Bombay House of Correction i,n-

A menmmruium on tl'-u Dlnturlm of l.nhourmg Prisoners in  Indian Jm'ia—-,dmm! chori of ﬂa#
Sanifary Commissioner with the G overnment of India for 1880, page 159,

t Memorandun by Surgeon Major 1. B, Lyon, F.C.5.—Gazette of India, 10ih May I877.
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be very properly analysed the diet on which this was possible, and found it to con-
tain quantities of nitrogen and carbon 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 convicts. On
the basis of this experience his three scales of diet were formulated : —

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 Seale.—The light labour scale ; is scale No.1 reduced in the pro-
portion that the light labour diet of English convicts is Jower than
English convict hard labour diet.

No. 3 Scale.—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. Lyon, therefore, devised his diets by working back from an analysed diet
which had proved itself sufficient for all physiological purposes, t.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 fuods 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 principles, a fairly fixed proportion of these was found to be
absorbed, i.e., above 90 per cent. in a mixed animal diet and above 85 per cent.
in & 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 per cent. of the proximate principles found by chemical analysis in the diets
would be absorbed. This we shall show is not by any means the case ; and, further,
we shall give abundant 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 discovered 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.

* Snjentific Memoirs No. 34.—Standards of the Constituents of the Blood and Urine and the Bearing of
the Metabolism of the Bengali on the Problems of Nulrition.
B2
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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 ozs. rice and
10 ozs. wheat flour or a similar mixture of rice and maize.

Lewis remarks on these diets that, ** taken as a whole, the nutritive value of this
dietary not only exceeds, under every heading, the * adapted * scale, which has been
prepared from English 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 conviet or-
the Local Prisons in England and Wales. Computed 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 Ibs.”

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
scalesof 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-stuffs 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 removing 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 or 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 endeavour 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, however exhaustive, ean only
afford such informationas will enable an approximate estimate to be formed of
the nutritive value of any food, seeing it is not only what nutriment a particular
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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—isof 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 principles are con-
cerned, the scales sanctioned have not been insufficient. Onthe contrary, native
labouring prisoners in every province in India have been, weight for weight, better
fed than either conviets or other prisoners in England. He shows that the lowest
scales are by no means associated with the most unfavourable bealth-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 - p . : . 3 ozs, = BO0B grms.
Carbohydrate : g h w18k = 52466
Fat - . s PR Y E = 283G—42'54 grms.

with the usual condiments, salt, ete.

This diet he bases on the maximum diet scale of English Loeal 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
-malking 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-stuffs is very far

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

P]:inl}ip].E&
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So that to have estimated the amounts of protein, carbohydrate and fat in a
satisfactory European diet and then, by calculations based on the chemical analyses
of Indian food materials, to work out the combinations of those food-stuffs that
will provide the identical amounts of protein, carbohydrate and fat, will give us
a diet that, by chemical 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 sald—and to this point we shall have to return—even
the comparatively inferior European food materials show an absorptive co-efficient
of 85 per cent. while the superior Indian food-stuffs’ co-efficient rarely exceeds 60
per cent., when they are given in the quantities laid down in the jail dietaries 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 ; so
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
in 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 sui-
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.

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 arrange a dietary
that it will provide for the absorption of 50 grammes of protein and a 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 prisoners, and particularly on the work of Lyon and Lewis, we have no wish
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to detract from the value of their researches for which nothing but admiration is
possible. No work had been done in their time on the actual nutritive value of
Indian food materials, 4.e., the amount actually absorbed from the dietaries—a
circumstance that clearly handicapped Lewis, and one to which he refers more than
once—it is not to be wondered at, therefore, that the framers of diet scales should
make use of the only means open to them in their work, and base their stand-
ards on those diets which had been found successful in practice.

The next paper to which reference is necessary is an extremely able article®
on, and critical review of, the subject of Indian jail dietaries by Major R. J.
Macnamara, LM.8,, in1906. This report, submitted to the 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 Lieutenant-Governor of the Punjab
enquired whether the Government of India were disposed to extend the investiga-
tions to other provinces. _

In this very valuable report Major Macnamara deals more particularly with
the diet scales of the Punjab, which he considers 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 Seotland.

In so far as our investigations touch the food-stufis 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 Bengal.

For the same reason, but to a somewhat less extent, this most wvaluable
report from other points of view, isnot of much service in our investigations in
Bengal. It deals to alarge 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 SBeotland. 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 nutritive value of the food materials, and not from their
gross chemical composition 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
grains more 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
cuuntrrea tmd more particularly with very different quantities of any mgrecl lent

* Notes on Indian Jail Dietariss with special reference to the Punjab by Major R. J. Macnamara,.
LS., 1906.
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materials can be arrived at so far as Indian jail dietaries are concerned. The
percentage of the protein absorption of the whole diets—and this applies to
the individual parts composing the diet—was found to vary very largely with the
actual quantity or bulkiness of the diet.

In diet scales in force in America and Europe the question 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 with
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 it 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 that, when we took the ordinary jail diet 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 as rice, not only was there an
increase in the relative amount or percentage of the protein absorbed,but that there
was also an increase in the actual amount of protein undergoing metabolism.
It was only after reducing the amount of the ordinary jail diet until the pro-
tein absorbed from it approached the lower limits of nitrogenous equilibrium that

* Twenty-six ozs. of dry rice when cooked measure about 2800 e.e., even when lightly packed in a
cylindrical glass measure.
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we were able, by using Bryant and Milner’s method, to get fizures for the co-
efficient of protein absorption that were at all comparable with those of Rubner,
Atwater, ete.

We found that for different quantities of the food-stuff in the diets
examined different proportions of their contained protein were absorbed, and that,
instead of finding a figure that represented the percentage of protein absorbed for
varying amounts of rice, wheat, dal, etc., for each separate quantity of rice,
wheat, dal, etc., above a certain amount, a 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.

Now, when a gradual increase 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 there is 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
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 diets as a
whole is equally so for the different food materials composing the diets, whether
these be rice, wheat ata or dal.

For these reasons early in the investigation we had to give up 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, If
such constants had been found then the arranging of jail diets based on the real
nutritive 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
variations in the nutritive value of the diet scales as a whole in order to discover
what combination of the several items of the diets gave the most favourable results,
and in what quantities these several items should be combined. It 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, thatif we increase
the quantity of rice beyond this amount, evenif a smaller percentage of the
protein is absorbed, the now greater quantity of protein from the increased 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 :—

Supposing 5 grammes of nitrogen in the form of rice to be the maximum
amount from which full absorption takes place, then 5 x 085 =
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 i

Te i 5 » 65 ,, 455 ,, i b

8 . » »'80 5, 440 4, i 5
0 that we obtain 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 wmount ; of course, it is understood that all
other constituents of the diets remain constant.

Basing our investigations on this prineiple we have worked out the optima
amounts of the different food-stuffs 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 auantities of each different food material whilst all other constituents are
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
is absorbed, we have got the particular quantity of each food-stuff that is the most
useful to the body, and, therefore, the most economical so far as that type of diet
is concerned ; and, by combining those quantities of the food-stuffs 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 investigations ca-rrif:d out on this plan
entailed an immense amount of work as compared with the simpler methods in use
in Europe and America. Instead of our being able in a few experiments to obtain
the nutritive value of a * basal diet  and then add rice, wheat ata, different dals
or makkai ata to it, and calculate from the percentage of the extra amount
absorbed the co-eflicient of protein absorption for each food-stuff, for every
food-stuff a whole series of experiments had to be cdrried out to obtain its eurve
of absorption under varying conditions.
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At present it will be sufficient to point out that abundant experimental evi-
dence has accumulated to show that the nutritive values of the fats and carbo-
hydrates of food are almost proportional to the amount of energy that they can fur-
nish ; consequently it is only important that the quantity of either or both be
such that their total energy, when added to that of the protein of the diet, shall
supply the amount required by the body. The maximum amount of energy that
can be obtained by the body is not the total potential energy of the fond con-
sumed, since the potential energy of the corresponding fmces 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
eliminated 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
fweces and urine.* 1In dealing, however, with the vegetarian dietaries in force 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 diarrhea and colic and, above
all, the changes in the appearance and character of the fmces—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 caloric value, such
as acetic acid, lactic acid, ete.

This loss, which may be large in amount depending on the degree of 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 considerable 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-nutrition 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 dietaries of Bengal is, we believe, a most important factor and one that
must be taken into consideration not only in caleulating the fuel value of the diets
but also in connection with the intestinal troubles that are so prevalent in Bengal
jails and indeed amongst the people generally.

So far as we know there is no method by which this loss can be even approxi-
mately computed ; but that it is an important factor in reducing the fuel value of

* The nacrative reyuirements of the bedy. Henedict, Americun Journal of Physiology, Vol XVI, No. 1V.
1]
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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 has 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 obtams in the human 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
fwces, 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 fmces of prisoners on
any of the diets investigated and, as stated above, there is no means of deter-
mining the loss due fo fermentation.

We are, however, able to present the energy values of the different food-stufis
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 different food materials entering
into the composition of the dietaries whose nutritive value was being examined.
This was found necessary in order to obtain 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 prmmpIe&

This part of the work entailed about—

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

130 P . Iat,

bo i .» Mmoisture.

50 " . ash,
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machine (which was not available in the different jails), no great
amount of attention was given to this part of the work on
prisoners ; a certain number of observations were, however, carried
out in the Physiological Laboratory on the menial staff and on
animals,

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.

I. Analyses of Food-stuffs and Excreta.—The food materials in use
in seven different jails in Bengal were analysed as regards 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 analyzes 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—of the food-stuffs from the different jails, and never
accepted any result that departed more than 0°5 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,
absolutely accurate.

The protein estimations were all carried out by the Kjeldahl
process as modified by Bernard Dyer. A meodification 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. It
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
depend largely on the source of heat used in the distillation, and
furthermore, we found that different samples of the same substance
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often required different times 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
for gnidance—is fallacious, We found that very varying quantities
of fluid passed over in different distillations before all the ammonia
was collected. It is, therefore, most important to be able to say
definitely 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 aceurate 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 loss of the red colour
of our indicator.

Estimation of the ammonia of the urine :—

I. 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 in vacuo at a 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 was over.
It simplified and shortened 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 other constituents of the urine
and fmces were done by the ordinary methods described in text-
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 methoed or the Picro-Saccharometer.

The Fot 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.

I1. The method of procedure when we came to investigations on prisoners
was almost invariably to use as our unit a batch of five picked
prisoners—in a 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 feces—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
up the batch was taken every day; it was noticed 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.

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 greater 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 usually done for some days before any
collection of the urine and fweces 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
increase in body-weight which we found to occur when the
prisoners were first put on a diet weighed and distributed by us.
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At every change of diet the same routine was observed, d.e.,
the prisoners were kept on the diet two or more days before collec-
tion of their excreta for analyses.

ITI, The feeding of the prisoners was carried out on the following plan :—

The amount of each separate item of the diet was weighed 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
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 imces
of the prisoners forming the batch were collected, measured—or
weighed as the case may be—and samples were taken as required.
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 fmces
measured or weighed, as the case be, on the spot and samples put
up at once: for nitrogen with the usual amount of pure sulphuric
acid; for ammonia with calcium hydrate; for urea with
the barium hydrate and chlorate mixture, then the ether and
alcohol solution was added: the fmces were weighed, thoroughly
mixed and samples weighed and put up with sulphuric acid for
nitrogen ; or dried, weighed, and put up. 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
Caleutta—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-
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, Midnapore 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 feces corresponding to the
diet given, owing to the fluid character of the stools. It was
also very difficult to deal with the large volume of fmces passed
by the prisoners, and the unpleasant nature of the work was a
serions source of objection to its being properly performed.

Our main reason, however, for giving up the feces 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 faeces 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°5 gramme of nitrogen
per man daily to the total nitrdgen 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 due to retention of water or storing of fat, still we decided to reject
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 and
last day of observation. 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 fmces of a batch was from day to
day whatever the weight the stools happened to be, or whatever 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 fwces 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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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 nutritive
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 a description of on methods of worl.

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
make use of the jails as we found necessary. To the Superintendent of the Presi-
dency Jail, Calcutta,—Major Mulvany, LM.S.—we gave much trouble by
continually asking for prisoners, he never resented our doing so, but, on the
contrary, was always willing to give us every assistance in his power. Captain
Mackelvie, IM.5., of the Puri Jail, has given us much help in our work in that
jail, and kindly undertook to supervise the six months’ experiment on the whole
population of his jail. Captains Gillitt and Hamilton of the Behar Jails assisted
us very ably in the work on the Behari—sometimes much to their own incon-
venience. To Major Maddox, I.M.8., of Ranchi, we are specially indebted for
information concerning the aboriginal tribes investigated in Ranchi Jail.

Lastly, we have to thank Mr. Pifiard, Superintendent of Darjeeling 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 owe 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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Rice is the poorest of all cereals in protein ; when cooked it swells up and absorbs
about three 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 removed when rice is boiled in alarge quantity of water and the ex-
cess of water drained off—the ordinary method of cooking rice in Bengal
jails. From analyses of the drained material there appeared to be aloss of about
020 per cent. protein.

The percentage of starch in rice is high, up to about 80 per cent. This starch
is present in small and easily 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 a diet containing twenty-
six ounces, so far 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
natural order Leguminoseae and are chiefly characterised by their richness in pro-
tein, being termed for this reason “ the poor man’s beef. ” The chiel protein of
pulses is legumin{ which closely resembles casein of the milk n its composition.
It is 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 8ix 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.
Investigations] on the absorption of pea or lentil flour, properly cooked, show
that the protein is all taken up except about 8 or 9 per cent. If, however, the
pulse 1s not given in a state of fine division, as when the lentils are simply boiled
till they become more or less soft—the method of cooking in Bengal prisons—the
loss of protein has been found to rise to 40 per cent.§ In Lower Bengal, rice, dal
and vegetables make up the whole diet—the only variations possible being the
ringing of the changes in the different kinds of dal.

We have already referred to the value of this diet as regards its digestibility
snd absorbability. We know that if the bulk of a vegetable food given be small

* Kumogawa, Virchow's Archiv, CXVI.

t A puecleo-albumin (Maly's Jahres-Bericht). see Hutchison, page 229,
1 Striimpell, Deut. Archiv. £. kliv, med. 1876,

5 Strimpell, oz, cit,







30

for a time, of non-satisfaction and hunger. This, however, soon passes off
when a more nutritious diet is prescribed, the stomach returning to something
like its normal capacity and the feeling of emptiness disappearing.

The wheat ata or flour of the diets for Behari prisoners is prepared from the
whole grain by prison labour by means of small grinding stones. Ifa grain of wheat
be cut and examined microscopically, the following parts can be made out :—

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

. The kernel or endosperm consisting of two large masses of nutritive
material. It makes up 85 per cent. of the grain.

3. The bran—an outer envelope composed mainly of cellulose impregnated
with mineral matter. It forms about 13'5 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 inner or
aleurone cells.

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

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, that wheat grown in different districts shows variation in
chemical composition, This is a 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.
It would, therefore, appear probable that large quantities of * chuppaties” could
be comsumed 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, figh, ete., but it dees 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 diminution in the amount of protein undergoing
metabolism took place. Whether this would be the case if the wheat ata were
baked and aérated 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 thanis 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 percentage absorpiion of
protein in the Beharis very little better than'is found in prisoners in Lower Bengal
where wheat forms no part of the diet. Of course the Behari 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 maklkai is available, in the ordinary jail dietary. Itis preparedin
the same manner as wheat ata and is similarly baked in the form of small, very
thick, masses with little cohesion. Our investigations show thatits 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 makkai 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. Each 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. The analyses made from the same sample gave practically identical
resulte.

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-stufis.
The calculated heat value will be seen to be somewhat lower than the heat
value determined by Professor Benedict from samples sent from India.

This is what would be expected ; we have caleulated the heat value on the
percentages of the protein, carbohydrate and fat present, taking no notice of
non-digestible material, whereas the experimental method gives the total heat
wvalue for everything combustible in the sample.
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.or caloric value. Calculated according to the accepted heat equivalents itz fuel
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 have 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 tobe superior to English
Prison scales and even to some of the standard dietaries, it is really very much
inferior. These defects are :—

#) In ordsr to obtain a diet offering 93 grammes 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 protelin.

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

(#) 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
are formed which increase peristalsis and hurry the food through the
small intestine past the area most favourable for absorption. Further,
the excessive fermentation and putrefaction, rendered possible by the
large residue, leads to flatulency, dyspepsia, auto-intoxication and a ten-
dency to intestinal disorders, diarrheea 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 15 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 carbohydrete, vet we find this element present in an amount
out of all proportion 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 2an only leave the body in the
{orm of heat and mechanical work, so that the Bengali prisoners if they were able
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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 dissipate the caloric value as mechanical
energy. Thereis little doubt that neither of these conditions obtains— neither as.
a source of body heat nor as a source for the energy of muscular contraction is the
large fuel value 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 going on in the intestinal canal are physiolo-
gical—and made use of to supply body heat and energy for muscular contraction ;
a 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. In this way a very large percentage of
the total potential energy of the diet may be dissipated through the conversion of
its starch or sugar into carbon dioxide, methane, hydrogen, acetic acid, lactic
acid, butyric acid, etc., 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 simultaneously disturbed
digestion of protein, so that a vicious circle becomes established. It is highly pro-
bable that the excess of acid produects 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 doubt 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 alike 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 faeces, ete.

Ii further evidence were required that by excessive carbohydrate fermenta-
tion loss to the body of a 'r.refy large proportion 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 but 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 energy per kilo of body weight than that found necessary in English
prisons, we condemn it because, on account of its bulk and composition, much
less than the proper proportions of its nutrients can be absorbed and made use of
in the system. We shall show, with regard tothe 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 is excessive, not because it entails too high a level of nitrogenous metabolism,
but for exactly the opposite reason.

SECILT NN 2.

2, The amount of nitrogen undergoing metabolism on the ordinary
jail 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.

(a).—Tue PreEsipENcy Jair, CaLcuTrTa.

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
4} ozs. cf Burma rice per day was the average amount consumed.
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Thus, with practically constant quantities of nitrogen derived from Burma
rice and vegetables, but with changing amounts of nitrogen derived from different

dals, we get :— r
{ (i) Arhar dal 150°10 grms. N.= 196°25 grms.
N. absorbed.

= [ Arhar dal : i

S A () {17087, ,, = 18279 grms.
fiv B Constant N. aboorbed.
": o .“md S | (i) Massur, 18840, ,, — 198-60grms
or rice an (taicly) N. absorbed.

five days vegetables (iv) i » 171-30 ,, ,, = 198-13 grms.

N. absurhed.
(v)J Mung ,, 16081, ,, = 193-54 grms.
\ 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 would 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.

We might look on these fizures 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 is 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).—Pur1 Jarn, 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 characteristic of the Ooriyas and,
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with the sanction of the Inspector-General of Jails, 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 18 that even this rice-eating 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 thut 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 quantities of the jail scale.

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

wag consnmed,
Observations over three consecutive days.

' : : & MAn . N.in
antit . Total iy ' M.in
BATOHES. E:’Jurmg Reaction, - N Weight. m:in::w | WY regzu:hlm,
. C. | Grms. | Lbe. | Grms. Grms. Grms.
Batem L 5,260 Acid. 26700 1131 | 3208 2575 1-96
Four prisoners . . { 5160 1 28-88 v | 3208 24-10 1-06
5,000 - - 1121 | 3208 2520 1-06
Baron I1. 3,810 o 24-10 078 | 208 2575 | 106
Four prisoners . : { 6,230 o | BG-L o | 3az08 24:10 196
8.230 " | 2874 a7-9 3208 2520 1-06
Baren I11. 3000 R (L 1008 | E2408 o575 1-06
Four prisoners . { 5,100 w | ooas i g0 | 2410 1-04
000 » | 2880 1008 1208 o520 1-06
Batcn IV, 4,750 S 2590 1087 3208 2575 134
Four prisoners . ; { 8,150 o o884 | .. , i2-08 24-10 106 .
5,600 & | 2771 1088 32-08 9520 | 108
| |
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on country rice are therefore very similar. It would not appear from these observa-
tions that country rice has any advantage, so far as its nutritive value is concerned,
over Burma rice although it is much preferred by the inhabitants of Bengal includ-
ing Behar. In fact, so far as these observations touch the question, whatever
difference exists is in favour of the Burma variety, that is when the full 26 ozs,
are eaten. /

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.
Basis of five [ N. of country rice I N. abzorbed.
men for ﬁv&{ and vc-gcmbleﬂ} + 9 (i) Arhar dal 16062 ,, ,, =185-76 grms.
days. constant. | N. absorbed.
L (iii) Gram dal 16181 ,, ,, =183-75 grms.
N. absorbed,

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
a 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
saime amount of nitrogen as 6 ozs. 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 guite possible, however, that an equally good absorption would
have been obtalned 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 :—

(i) On an average just 50 per cent. of the protein of the ifull jail diet is
absorbed, which means the metabolism of about 7'55 grammes of
nitrogen or 47°18 grammes of protein per man daily.

(ii) 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 given, combined with the full 26 ozs. of rice and
6 ozs. of vegetables, 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.

(iv) The results stated in (ii) and (iii) do not justify the assumption that with
lesser amounts of rice and dal in the dietaries differences in the ab-
sorbability of the protein of these food-stufis would 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.

(¢) Raxcur JaiL, Caora Nacrur.

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 situated
with regard to climate, temperature, moisture, ete., from what obtains in Bengal
proper and Orista. As is only to be expected also the physique and
general stamina, capabilities of work and museular development is on a higher
level than found in Bengal or Orissa. The average size of the individuals of these
tribes is not great, but they are hard workers, compared with ths Bengali or plain
men and very compactly built.

In Ranchi Jail we selected four healthy men from each of the prineipal tribes
for our investigation. All we attempted to do was to obtain the average protein
absorption from the diet 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 oceur 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 the protein absorption and physical development and we have enlisted
the help of Major Maddox, L.M.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 on the ordinary jail diet. The significance of these resulls 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
metabolism of the hill tribes of Darjeeling and contrast them among themselves,
and with the people of the plains.
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Total intake of nitrogen ~ =293:05 grms. Total output—
N.ofurine . A . 144:11 grms.

*5 grou. daily constant =, 1000

Total nitrogencus metabolism 15411
=b2 gﬂ per cent. of nitrogen of diet.
= 771 grms. of nitrogen per man daily.

The rice used in all these experiments was rice grown on the Ranchi plateau.
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 obseryations ?

With the same food materials identical in every particular we have got very
different degrees of nitrogenous metabolism among the representatives of the
tribes examined, and also great differences compared with the Bengali and
Ooriya,

The * Pater ™’ tribesmen absorb 64°06 per cent. of the protein of their diet,
which means the metabolism of 9°38 grms. nitrogen or 5862 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 8'48 grms, nitrogen or 52'90 grms. of protein per man
daily.

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 52'58 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 evident :—

|
Per cent. of N, Grms, of nitrogen Grammes of protein
Trine on PEOPLE. No. of diet per day undergoing per day undergoing
abaorbed. metabolism. | metabolism.
* Pater "’ and ** Swansi®’ . . G400 to 65-28 38 to D506 5802 to 5075
4 | |
“ Moonds ** and ** Uraon **. : 52-58 to 57-86 | 7-71 to 8-48 48-18 to 520
i Bengali ** and * Qoriya ™. . 4975 to 507 | 7-39 to T-60 4020 to 48-12
|

The absorption of protein and the degree of nitrogenous metabolism possible
from practically identical dietaries are markedly higher in the aboriginal tribes
“ Pater ” and *° Swansi”’ than in the two other tribes examined—*‘ Moonda »
and * Uraon,” or in the inhabitants of the plains of Bengal and Orissa.
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SECTION 3.

3. The effect on nitrogenous metabolism of varying the quantities of
the components of the ordinary jail diet.

Having worked out the average amount of nitrogen absorbed 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
pitrogen undergoing metabolism. In deseribing this part of the work we shall
give the results of our investigations under three headings :

(@) The effect of varying 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 rice wn the diet, the remaining consti-
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 53°66 per
cent. of the total nitrogen of the diet, which is equal to the metabolism of 7°85 grms.
nitrogen per man daily.

Thie result—which is slightly higher than the average protein metabolism for
Bengalis and Qoriyas 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 rice is reduced from 26 ozs. to-19! ozs. per man daily, the
ordinary 6 ozs. of arhar dal being coustant.

Five prisoners observed for five consecutive days.

| i
Quantity s Total N. N.of N. of N.of L
BT of urine. | Reaction. | o e, rice. | arhar dal. |vegetables. Weight.
EEEL P St il H | |
Frve PRISONERS. i 6 ER | Grms, Grms, Grms. | Grms. Lha.
‘« 9,290 | Acid. 4038 3180 2800 | 236 115
OneHindn . . | a2 = T8 | 2487 3010 2:36 1148 |
L]
Four Mahomedens . -{ E.‘iﬁ“ 2 3'-]‘-3? $1-30 29'4‘0 1 ﬂ'aﬁ 114-6
- II 1400 |, 2000 | 3080 30-10 236 1151
[L A0 - 4277 3130 | 80-10 236 115
| |
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Total M. of intale— Total ontput —
ﬂl"'l. of rice . : . 14957 grms. N. of urine : . 19935 grms.
N.of arhardal . . lages |, -5 grm. daily constant 12-50
0 T o H b I
N. of vegetables ol e e S
Total N. of intake . L )b R = 6633 per cent. of total N. of diet.

= 847 grms. per man per day.
From this result we find that, under exactly the same conditions as regards 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 :—
Tuble II (i).—From 26 ozs. Burma rice and 6 ozs. arhar dal 7'85 grms.
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 847 grms.
nitrogen are absorbed, which is 68°33 per cent. of nitrogen of diet.
These two sets of obseryations 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 possible to get
them to take the full quantity of rice longer. 8o 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 efiect 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.

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

Five prisoners observed for five consecutive days.

: 1
: Quantity | . | TotalN. | N.of N.of . of :
Do 2. of urine. KN, | of uring. I Tite. !mlt-lar &nl.‘vngnta.hlm.l Weight
| |
——— o — = = | ; a __..I - - d
FIvE PRISONERS, el | Grms. | Grms. Grms. Grms. | Lbs.
{ 7,680 | Acid. 3705 | 354 2066 | 236 | 115
One Hindu 11 g760 w | sser | sea | 2966 | 238 | 18
Four Mahomedans. { 8408 | | 3727 Je04 | 2068 | 230 ! 114-9
= | 10,010 . " | 40058 Jo60 | 20006 | 23 | 1148
Laess |, | 3306 MT5 | 2066 | 236 | 1149
| |
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beyond the optimum quantity, in the hope to obtain an augmented protein
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 in 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 ,, 188°40 » 198:60 -
vegotables con-) N.of  , ., 17130 ,  , 19813 ,, ;
stant. (N.of mung ,, 16081 ,  , 193:54 ,, a

That is, 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 far 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 :—

Basis of five men under observation for five days.

Nitrogen of rice and { N. of mixed dals 156°35 gave 184-50 grms. absorbed.
vegetables con- 4 N.ofarhardal 160-62 , 185-76 =

stant. [ N.of gramdal 161-81 , 18376 ,, s

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 haying the full 26 ozs. of Burma rice consnmed, the
investigations were carried out with a 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 increased. The investigations were arranged so that the five men
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(iii) That it is nseless to increase the amount of nitrogsn beyond that provided
by 6 ozs. per man daily is further borne ont by the following summary of results
obtained when the full jail diet was eaten and whea 1 oz. per man daily more dal
was added.

Diet of 26 ozs. conntry rice and 6 023, mung dal — nitrogen absorbed 187 28 grms.
T Goms. 5 ol w T o " [ Ll 1] » 18567 grims.

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
is 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 ss when 7 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
is 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
dicts remaining constant.—It will be evident from the results hitherto obtained,
i.e., 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 varying co-efficients of
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 of
observations in which, while the amount of n'trogen furnished by the diets re.
mained fairly constant, the individual constituents of the diets were markediy
varied.

TABLE VI
The diets of these investigations were as follows : —

Diet I.—The ordinary jail die §  2€ 028, Burma rice,
{6 o0zs. mung dal.

Diet II.—Rice reduced to 16 ozs. Dal increased to 84 gzs,
Diet III.—Rice increased to 32 oza. Dal reduced to 4 ozs.
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in Diet IT compared 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 nitrogen is absorbed from the 4 ozs. of mung dal of Diet III than from
the 6 ozs. of Diet I.  As the amount of the nitrogen intake is practically identical
in the three diets, and as very different amounts of nitrogen are absorbed in each
V3 Diet T intake of nitrogen 14' 67 grms. N. absorbed 7 74 grms.

TR IL . 0 e |y L BESE R R el

Diet LI ,, R | S I PR
it follows that no constant or]fixed 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 yary-
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 the
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 results 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. Inthis curve* the extreme figures—those for
16 0zs. and 32 ozs, of rice—are probably not quite correct : when the rice is reduced
to 16 ozs. 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 ozs. 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 different 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:—

rE

With 32 ozs. of rice consumed . 655 grms. nitrogen absorbed.
" Eﬁ WM #y L [EWIEEE:F L] 7.55 E 1] L1] £
1] 24: LT R T I T 1] * . &m 111 ET] 1]
" 23 - a3 A ¥y I ¥ B‘-m EE] b 1] 1]
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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 like what has been introduced
in the dotted 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 a 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—is greatly to be desired in the interests of the prisoners: for, by this redue-
tion nitrogenous metabolism is p'aced on & 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 (a) of this chapter. (See Chart IL.)

We do not attach anything like the same importance to thischart as to
Chart I, for various reasons, the most imyportant 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 mandaily, even if it had any effect in decreasing nitrogenous
metabolism—the results of all our investigations are opposed toany 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 of the ingredients of the diet, to render it palat-
able and of the desired consistency. When we come to the working out of
practical diet 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 effects of varying the componeunts 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
L2
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Total intake— Total output—
N.ofrice . ., . 12340grms. N ofurine . . . . 18562 grms.
N. of massur dal . i B e | RS ‘B grm. daily constant . R 1,011
N. of wheatata . . 9270 ,, ——
N. of vegetables . . 940 ,, Total nitrogenous metabolism 19562
—_— =5709 per cent. of the nitrogen of the diet,
Total N, of intake . 4265 = $78 grms. of nitrogen per man daily.

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

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 ozs. per man daily. The result
is :—

Constante, Grms. of nitrozen absorbed, Per eznt. nitrogen absorbed.
Rice e o 2oz Wheat ata 6 ozs, . 1007 G463
Dai- - L] ﬁ LE ) +{
Vegetables . 6 ,, Wheat ata 9 0zs. . &8 5709

That is, in a 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. So 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 rice must be reduced considerably below 20 ozs. in order to get the
maximum absorption from a diet containing 9 or 10 ozs. 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 (ii) and (iii) the
difference of the nitrogen intake=6'18 grms. is in favour of (iii), whilst the differ-
ence in nitrogen absorption is 1'17 grms. in favour of (ii). 8o 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 are given with 20 ozs. of rice, 6 ozs. of
vegetables and 5 ozs. of dal.-

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
9 ozs.

(iv) Further evidence of the beneficial effects of a reduction of the gquantity of rice
and the substitution of a more easily assimilable protein, is afforded by the following
observations carried out in the Presiiency Jail, Caleutta.

We saw in Table V (ii) from investigations on ten prisoners ona diet of 24 ozs.
of Burmarice and 3 ozs. each of massur and mattar dals that 55'39 per cent.
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protein absorption be obtained much superior to that possible with the ordinary
jail diet.
Thus on a diet consisting of—

PBurma rice ; i . 18 ozs. Wheat ata . i . 4 ogs,
Gl'ﬂm dal . " El E 5 (1) vagamblm = L] ® E 3

The average metabolism was practically 850 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. *
() 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 diet. 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 diet
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 of rice. To a consideration
of the latter we shall now pass.

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

TABLE VIIL

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

* difference, but not nearly so much as its substitution for rice.
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(ii) 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 amonnt of nitrogen from
gram dal given, 7 ozs.

Four Ooriya prisoners under observation for six consecutive days.

| | I
Total | for 5 | - S MN.in | M. in
- | Reao- | M. in. 2 N. in N.in, | M. in (=
BaTcn. guantity | .. i [Weight, i | gout's Ve
ey tion. | urine. | rice. | dal, fish. flesh. | tabji::;,
| . C. | Grms. | Lbs. | Grms. ; Grms. | Grms, | Grma. | Grms.
59065 | Acid | 3822 | los2 | 1604 | 2574 | @52 | 790 | 108
4450 | . | 3731 | 10s2 | 1608 | 2574 | 652 | 720 | 106
4760 | . | 4708 | 1080 | 1604 | 2574 | 652 | 720 | 196
Four prisoners, 4 | i I
Qoriyas. 0,040 " | oo-10 | 107-8 1604 2574 G52 T-20 1:06G
- 4,030 Z 3973 | 1082 165+ 2574 G-02 T340 1-06
U aseo |, | w502 | 1082 | 1004 | 2674 | 652 | 720 | 196
Total intake— Outpnt—
N. of rice . . 9624 grms. N. of urine .« = 25026 grms.
w3y dal 4 . 1444 Constant -5 grm. . = 1200
I T Ty St
» 1 poat’sflesh . 4320 Total N, metabolism = 271-26 .,

w s wegetablee . 1176 78:68 per cent. total N. of diet,

11'30 grms. of N. per day per man,

I

Total N.of intake = 34476 ,,

Contrasted with the results given on Table III (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.tice, Tozs. gramdal . . . . 4920 735
: 3 ozs. fish
13 ozs. T ozs. i 3
o0zs. rice, 7 ozs. gram dal 33 oss. goat’s ﬂe&h} 78-68 11-30

ﬂﬂﬂ!:rﬂﬂtiﬂg (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 furfher evidence of the beneficial effects of a rednction of the huge quantity
of rice in the dietaries of Bengal jails.
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(i) and (ii) contrasted :—

= g, a N. of animal Por cent. of pro- Grma. of :ﬂitrﬂﬂﬂn
N. of rice cofdal | Sl tein absorbed. | per man daily.
Grma. Grms, (irms.
32:08 12'83 © 1205 6534 977
16-04 2574 | 1372 78:68 11-30

(iii) The effects of substitution of practically the exact nitrogen equivalent of
half the dal by wheat ata, and considerably less than the nitrogen equivaleaf of half
the rice by protein derived from fish :—

IMET A.—Rice - . - 413 0o, | Fish - - - N 6 ozs.
Arhar dal . . 3 ., | Wheatata . . « 86,
Vegetables : » . G ozs.
[These observations show the graduoal effect of the new dict, two doya being required before nitrogenous
metabolism became constant at the higher level obtained with the more assimilable protein of wheat

ata and fish.]
Four prisoners—Ooriyas—observed for three days.
| Total Total - M. in | . = N. in
| " - - N. in N. in M. in
BATCH. \quantity : N. of | Weight : arhar | | voge.
fof urine. oD | yrine, S dal, . i ! tables.
[0 8 (Girms. Lbs. | Grms. | Grms. | Grms. | Grms. | Grms.

| 5,080 | Asid: | 2770 | .. | 1604 | 1285 | 1236 | 1304 | 196
: 5,000 o | 3685 | 982 | 1604 | 1285 12-3&| 1304 | 1-06
Nomr, pracucs, .:| 5,000 w | 4585 | 082 | 16-04 | 1285 | 1236 | 1304 | 196

Kixiye: L 4,650 - 4650 | 982 | 1604 | 1285 | 1236 ‘ 1304 | 198
4,220 o a8 082 1G04 12-85 12:36 13-04 106
Total intake— Output—
N. in rice . . . 4812 grms. N.in urine . 4 2 137-43 grms.
e T g : . 3766 Constant -5 grm. . : 600 .,
TRTI X : . 3708 ” e
L el 5 L L Tota] N, metabolism . = 14343 ,,
w » vegetables. . 7o heABY = 85-50 per cent. of total N. of diet,
= 11'95 grms. per day per man.
Total -ﬂ of intake . = 167-7TH 55

That is, with a diet of the above type we obtain an absorption of protein that
compares very fayourably with that got from European types of dietaries—
twelve out of the fourteen grms. of nitrogen offered per man daily being absorbed.
S0 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 same diet as in (iii) except that gram dal replaces arhar dal
while the nitrogen from fish is somewhat less, i.e.—
DIET B.—Rice . : : + 13 ozs.[ Fish - - . . b2 oz
Gram dal . . - 3 ., | Wheatata . . SR
Vegetables . 5 . 6 oz,
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Total | p.. | Total | A A e \N'iﬂ N. in
Barcm. otity| i | N. of | Weight. | "> gram | - : Vege- |
ﬂauﬂnii action. | ~ oo | | rice. dal. ats. I fish. ri
o ! Grms. Lha. Grms. | Grms. | Grms. | Grms. | Grms,
5570 Acid | 5004 | 08B 1604 12-87 | 12:36 11-41 1-06
5,630 w | 3051 | 988 | 1604 | 287 | 12:36 | 1141 | 198
Four prisoners . 4,220 " 30-30 | 98-8 | 1604 | 1287 | 1236 | 1141 | 196
5,830 i 3874 | 987 | 16-04 | 12:87 l 1236 | 1141 | 1-06
40 |, | 40w | e | 00 | 1997 | 1236 | 141 | 196
- | : .
Total intake— Total output—
N, in rice . . 8002 grms. ‘N.ofurine . . : . 196:95 grms.
.+ 3 arhardal . 6435, ‘D grm. daily constant . . 1000 7,
¥ vy ata . " 61'8'} 53 e
A . . bT0b ,, Total nitrogenous metabolism . 20695 .
vw s vegetables . 980 = T56'T1 per cent. of nitrogen of diet,

R = 10-35 grms. of nitrogen per man daily.
Total ¥. of intake =27%20

If we assume in these results (ii1) and (iv) that an identical amount of nitrogen.

is absorbed irom 12°85 grms. of arhar dal and 12'87 grms. of gram dal, then the

difference in the daiiy quantit:- of nitrogenous metabolism must be due to the
difference in the nitrogen intake of fish.

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

= 15

Difference in amount of nitrogenons metabolism (iii) and (iv) =5%75—5100 ,,
; = 800

i b1

which would mean that 8715 grammes of nitrogen as fisl 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 arbar 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 ITI—so that, making allowance for this slight
difference, it would mean that 96°8 per cent. of the nitrogen offered in the extra fish
was absorbed, a result very closely 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 not 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 the diet than would otherwise be the case. In all probability also
the bulkiness of the diet interferes with the protein absorption from animal food-
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stuffs, just as we have 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 ofrice is large, sparing protein, because we find exactly the same
results when the carbohydrates are kept constant ; and we have good reason to
suppose that whenthe 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
unchanged.

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 m:-lmpmmd of—

Rice . Pl . 20 gzs. .
Massur dal . T there was a nitrogenous metabolism of 840
Mottar dal . o i e grms. of nitrogen per man daily.

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

Four prisoners observed for five consecutive days.

: 2 0 it O s
Quantity, Re. M.of |M of | . Tt
i | of urine.| action. | urine. | rice. | ﬁur fish. : Efgii;. ek
|
C.C Grms. | Grms. | Grms. | Grms. | Grmas. Lba.
¢ mmi Acid | 4048 | 2088 | 2812 | 1304 | 188 | 1139
| 4,470 . | 4067 | 2068 | 2812 | 1304 | 188 | 1142
Four prisoners S ol a1 . | 4658 | 2488 | 2812 | 1304 I 1488 | 1134
| | | |
[; 5,110 . | 4140 | 2488 | 2312 |- 1304 | 188 | 1136
| [ |
t 4,300 T 3947 ‘ Ed'ﬂEi 2812 13'U-!i 188 | 1139
Total intake— Total output— 3
N. of rice « . 12340 grma. N.ofurine . . ; . 208'69 grms.
» s Imassur dal o 140060, b grm. constant . : . 100,
(T} 1 ﬁah [ L] ﬁ"ED r
. 1 vegetables - 940 ,, Total N. metabolizsed . _ . . 21869
: = 64:58 per cent. of diet,
Total N. of intake = J3860 ,, { = 1093 grms. N. per day per man.
Difference in nitrogen intake Difference in nitrogenous

due toaddedfish = 1304 metabolism . L . = 10-12 grms.
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which would apparently mean that 13'04 grms. of nitrogen given in fish increases
the nitrogenous metabolism by 10°12 grms.

This would be an absorption of 77°6 per cent. of the protein of fish ; but we
have already seen from investigations (iii) and (iv) of this Table, that 96'8 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 iz identi-
cal in the two diets contrasted 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 the addition of an animal protein to a diet containing a
amonnt of rice has nothing like it proper influence in raising the level of nitro-
genous metabolism, is afforded by the following investigations :—

same diet as in (v) with the addition of

Rice . . . . « 20 oz,
Massur dal - . o A
Wish &0 o R e S 3 ozs. more fish.
Vegotablea. .. « + 6 , J
Four prisoners observed for five consecutive days.
|
| ; | :
Quantity Fe- | N.of | N of N. of | N. of N. of :
Barce C. | of urine. | action, | BFRe. | rice. (O | fish. | FUSS Weight.
2 Ao b |
i L | Grms. | Grms. | Grms. | Grms. | Grms. | Lbe.
4230 | Acid | 4414 | 2468 | 2812 | 1956 | 188 | 1148
[ 4,501 w | 42460 24-68 2812 1956 | 1-88 | 1150
- : 4| Bdoo |, | 4384 | 2468 | 2812 | 1056 | 188 1150
Four prisoners, Ooriyas - 7| 5,005 w | 4551 | 2468 | 2812 | 1056 | 188 | 1146
: !‘ 4,380 i 4741 2468 | 25-12 18-56 | 1-88 | 1148
| | [ |
Total intake— Total ontput— ,
N. of rice! 2 . 123'40 grms. N.of urine . 2 . . 22360 grms.
. 5 massurdal . 140:60 , ‘5 grm. constant . : Sl L1 |1 [
FTR ﬁah Lt = 97.30 gl TEE
, » vegetables . 940 ¢ Total N. metabolised . - . 233-50 ,
LTI =629 per cent. of N. of diet,
Total N. of intake « 87T1:20 = 117 grms. N. per day per man.
That is, contrasting the results in (iii), (iv), (v) and (vi) of this table we get :—
COWSTANT, Nitrogen undergod
2 metaboliam, Grgmlrg
i - . 13 oz, i 1
i S A (a) Fish 326 grms. N=6 ozs. . 11:95 per man daily.

Whﬁatﬂt& - ﬁ‘ﬁ i1 +{{ﬁ} ¥3 ﬂdﬂﬁ a8 N=Eﬂom- - I&Sﬁ_b ”» "
"J’eg&t&bl&ﬂ ® B 1
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which means the absorption of 96°8 per cent. of the nitrogen of fish.

Nitrogen undergoing
metabolism, Grms.

Rice b Wozs: () Nil grms. N, s B daily,
Massur dal TR % + (H] Fish 480 grms. N, =00zs. . 11'T0
Veasables© . (6 R T i ST

which means the absorption between (a) and (y) of 77'6 per cent. of the nitrogen
of fish and between («) and () of 675 per cent. of the nitrogen of the fish. So
that anincrease in the quantity of fish in a diet would appear to cause a
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-
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
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, a fortiori, of its rice
content. '

(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 : o % . 18 oz, (Goat'sflesh . . . 30 opm
Massur and mattardals . 4 Vegetables . . e BT
Wheat ata . : L

Five Bengali prisoners observed over len days.

' 1
| : : - N, of N, of N. of
Quantity;y Re- N.of N. of N. of [ 2 =i
Baton D. of urine, | agtion. | urine, rice, dals. | Wﬂht:":t' | ﬁ.ﬁ | t:zﬂ; Weight.
I
g, ' | Grms. | Grms. | Grms. | Grms. | Grms. | Grms. Lbs.
| 0370 | Acid 48-17 2640 | 21-28 13-50 | 1050 2-36 119-8
0930 i 4615 2840 | 21 a8 1350 10-50 236 119-7
0,800 o 47-16 2640 | 21-38 13-59 1050 2-36 1198
10,830 - 46-93 2840 | 2128 1355 1050 2-34 119-9
Five priscners, o870 | 4424 | 2840 | 2128 | 1359 | 10-50 | 236 | 1201
Bengalis. 1| 10,380 | 4568 | 2540 | 2128 | 13359 | 1050 | 236 | 1200
5,300 P 40-62 2540 | 2128 13-59 1050 2306 1160
0,00k " 5283 2840 | 21-28 13-59 1059 236 111-¢
8310 e 49-18 2840 21-28 13-59 | 10-59 238 1198
L 8,604 o 5200 28400 21428 13-59 1050 | 234 119-8
| | 1
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We have already seen in Section ITI of this chapter that by decreasing the
amount of rice by 8 ozs. or so per man daily, a very much better absorption of
the protein of the diet is rendered possible. The questions would, therefore, arise
in advocating 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, viz., permit of a
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 mealsis
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, etc., living on
dietaries of their own choosing.* It 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 5o0zs, 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’ in use 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 quantities that a maximum good may result, and that he may be maintained
in health. If we canso 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. . - . : : . 3 with the ordinary
Dals §or Gozs. g L : ; . 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 priscners, When rice and
dal are combined in these amounts the intestinal tract is able to absorb the
nitrogenous elements to a maximum extent and, at the same time, it is relieved

*= Splentifin ﬂ.l-em:;.n'ﬁ:, Mo 3.
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Results extracted from Table VII and VIII—condd.

[ : | :
B : Fer cent. of nitrogen | Grms, of ni per
CoNSTANTS. Varying materials, | Eaoebiad drom disk i dﬁgf“
| e BN = o
| Wheatata 4 oz, . i 6741 B4
- w 4% . 4 goat's .
flesh 32 ozs. 66-33 | 1009
Rice 18 ozs. " I "'* ozs. + fish |
4{ } +4 34 0zs. _ 8767 1023
Dals 4 4 w24 ozt goat’s |
flesh 2 ozs. 7299 ' 857
= & 2:4 pza.4fish 3 |
| o= 7354 : 988
Contrasted with average for ordinary diet,
Rice 26 ozs. |
} Nad . . - - ; 50 =50 755
D-II-]E ﬁ (2] :

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 are not 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 deing is to arrange the
constituents and the quantities of those constituents in such a manner that a
maximum effect will be obtained, thus entailing & 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 wereé 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 : X . . . . 18ozs.

Different dals available - : - . 5 At T

Wheat ata daily . o ; = - - : SRE: -
or

Fish, in place of wheat ata twice a week when procurable . 4 ,,

Vegetables . : . : . 5 ; : o

Salt . 3 g : . . . . S T

Condiments, ete, . : A r . . . . asin present scale.
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"2 grms. nitrogen daily, we bring the nitrogenous metabolism up to 8'85 grms.
per man daily.

When this result was contrasted with the average 7°556 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 assisting the
absorption of protein from the jail dietary. As the quantity of nitrogen per man
daily derived from fish was only 0'4 grms., and as it seemed to increase the pro-
tein absorption from the diet by more than this amount, it was at first thought pro-
bable that the animal protein had eaused an increase 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 increasing 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 oze. 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 04 grms. of nitrogen in the fish is added, and also the slight increase due
to the decrease in the amount of dal, the total abﬂﬂrpt;iun 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 muech influence on the absorption of protein from the rice and
dal, at least, not when rice and dal were given ip 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 is 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 investigations on the dietaries of Lower
Bengal jails, and the effects of certain modifications of these that have been
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protein absorption is not constant, but varies with the quantities of the food mate-
rials forming the dietunder investigation. We therefore arranged different series of
observations in which, when all but one of the constituents of the diet were con-
stant, the actual material under investigation was made to vary. By this means
we were able to discover with what particular amount of rice, dal, or ata the pro-
tein absorption was at a maximum, and were able to plot out the curyes thus ob-
tained so as to show at a glance the effects of the varying quantities of the different
food materials. When we came to a study of the Behari diets we fully 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 a 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 force
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
advantage. Again we found that by redueing some of the elements fan increased
relative and actual absorption took place ; it was, therefore, our aim to discover
with what particular combinations of quantities of these food-stuffs the best
absorption was possible. Having worked out this, we at once obtain that
combination which leayes the smallest residue for intestinal putrefaction and
fermentation, and from which waste is at a minimum. This would, therefore,
also be the combination most economical to the State in the dieting of the
criminals of Behar,

= 0 G T INE

1. The Value of the Behari Diet in Proximate Principles.

Asin 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 inyestigations were carried out i—

TABLE IX.
Wuzear Dier.

PROXTMATE Rice, | Wheat | Makkai | Voo | Mestesd Faeof
FRINCIFLES, il ata. ata, = tables, oil. | L
| . | grms.

| i

. Girms, Grms, Grms. Grms. Grms. Grms,

Protein . . . & d0-85 -7l s 3743 368 il | L0E6GT
Carbohydrate - & L 20135 o 93-58 10-00 SF | 64382
Fat . . " 430 il i 7] | o 425 1-58 17-35 3315
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placed on a high piane of nitrogenous metabolism which, as we have good reason
to believe, would tend to increase their general physique and power of resisting
infection and, at the same time, leaye merely the normal quantity of residual
waste : but, instead of this, with a protein absorption of little oyer 50 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 same time, their
liability to auto-infection and auto-intoxication is increased by the presence of
a splendid culture medium for micro-organismal growth within the body derived
from the 50 per cent. residue of the jail diet. Another point not to be lost sight of is
the avoidable waste of food materials, with its consequent expense tothe State.

Our objection to these dietaries therefore is not that the diet offered is
excessive and thus entails a high level of nitrogenous 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
subject, we would decrease the quantities of the food-stufis ; but, in contradis-
tinction to other observers, we would do so not because the diet gives too high
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,

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

SECTION 2.

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

We attempted to obtain the ayerage 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, Caleutta, where Burma rice was also in use : it was found absolutely impossible
to get the full 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. On the other hand, in Bhagalpur jail,
where country rice 1s in use we had no difficulty in having the full diet eaten—this is
analogous to what we found true for Puri jail where also country rice was the
variety given.

We $ha1]:‘ﬂlemf0re, take up the okservations on the two kinds of rice separately
in Table X,
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(¢) 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 improved very much later and, as will be
seen in the subsequent results, a much better protein absorption was
obtained from diets very similar in composition, the only difference
being the substitution in them of mung dal for the different 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 Beharl 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. Tt 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 diet 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 qunantities of
the components of the ordinary jails dietaries of Behar jails.

The work in connection with this section is very extensiyve, and was carried
out very thoroughly in both Buxar and Bhagalpur Central jails. As the conditions
in these two jalls 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. Weshall 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 obtain a
series of results demonstrating the effects of varying quantities of each particular
component whilst all the others were constant; and thus to discover the parti-
cular quantity of each ecomponent from which a maximum absorption took place
when it wos combined with non-varying ‘quantities of the other constituents of
the dietaries.









Intake—
N. of Burma rice .
N. of mung dal
N. of wheat Ata
N. of vegetables

‘Total N. of intake . 4

Intake—
N. of Burma rice
N. of mung dal
N. of wheat ata
N. of vegetables

Total N, of intake . .

Intalkte—
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 .

Constants of dicts,

Wheat ata 10 ozs.
Mungdal 6 ,,
Vegetables 6 .
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Diet I1.
Output—
10653 grms. N. of urine c - . 233°13 grms.
172495 ., *5 grm. N. oonstant . a 1260

13876 ===

1180 ,,  Total N. metabolism . 4 24563
s = BT-12 per cent. of N. of diet,
43003, = 082 grms. N. per day per man.

Diet 111,
Qutput—
10200 grms,  N.ofurine . ; 23865 grms.
17295 ,, 5 grm. N. constant . 1250 ,,

13876 , e

1180 ,,  Total N. metabolism . SO ke | R
e = 5902 per cent. of N. of diet,

42550 ,, = 10-05 grms. N. per day per man.
Diet LV.
Output—

8500 grms. N.of urine . . . 22275 grma,
17508 . ‘B grm. N. constant . . 1280
13876 , -

11'80 ,,  Total N. metabolism . . . 05H

= 5708 per cent. of N. of diet,
408:50 , = 94l grms. N. per day per man,
Diet V.
Output—

6800 grms.  N.ofurine . . . 22123 grms.
17295 ,, ‘5 grm. N. constant 1250 ,,
13875 ,,

1180 ,, Total N, metabolism . . 28378

= H%67 per cent. of N. of diet,
29150 ,, = 930 grms. of N. per day per man.
From the results obtained we get the following :—
PER MAR,
Varying amounts Diet of Degree of N.
of rice, scheme, maetaholizm
per man daily.
Burma rice 14 ozs. Dietl @57 grms,
w o 126, Dietll o82
-+ o o A8, 4 DiskTIL 30057,
iy » 10, DietIV 4],
w w8 , DietV 93,

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 ozs. mung dal and 6 ozs. vege-
tables, by gradually increasing the amount of the 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 & maximum. This amount is the
-optimum for that particular combination of the quantities of the several food
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The maximum protein absorption would therefore appear to occur 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 similar 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 curve representing the degrees of
protein metabolism for different amounts of wheat ata in the diets when the
other constituents remain constant—see Chart IV.

By plotting on the same chart the curyes obtained for the protein absorption
of prisoners in the Bhagalpur jail and in Buxar jail we again find that the Buxar
curve is8 on & 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 very 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 Ehagalpur, 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 eyven more annoying,
undergoing large variations in weight. On account of these and other factors
we had to reject many sets of olservations 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 nitrogenous metabolism
from a diet containing 60 ozs. of wheat ata, 60 ozs. of Bnrma rice, 30 ozs. of dal and
30 ozs. of vegetables, shown in Table X11, Diet I, was correct apd that changing the
kind of dal did not make much difference.

Batches of five Behari prisoners were put on the aboye diets—the dals made
use of being mattar, gram and arhar dals furnishing almost identical quantities
of nitrogen,
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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 get the full ration
of Burma rice consumed ; and that, when leit to themselyes, prisoners will eat
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 (III) we showed that this combination was an optimum, i.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 effects 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 protemn 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
principles, 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 from 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 determine the different degrees of nitrogenous metabolism
on diets composed of Burma rice, makkai ata, mung dal and vegetables—all consti-
tuents of the diets, except the Burma rice, remaining constant in quantity.

TABLE XIV.
ScHEME oF DIETS.
Constants. ( Burma rice . . TO ozs. = Diet I,
Malkkai ata - . B0 ozs. ) ! s .60 ,, = DietIL
: Mung dal . : 30, L4 4 o o : . B8 ,, = DietIIL
Vegetables . ) j m o v 80 = Dt IV,
| L A c .40 , = DistV.

B
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This again contrasts very markedly with the results obtained at Bhagalpur
where country rice was in use. There we 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 substances iz very
bulky and was consumed with difficulty.

As will be seen from the run of the fizures 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 were 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 (°4 grm. nitrogen in favour
of the Bhagalpur prisoners—see Chart 1X ; but the curves obtained now in the
case of the makkai diets are not so regular and show a greater difference in favour
of the Bhagalpur prisoners—over 1 grm. nitrogen per man daily ; this can only
be explained by the fact that the Bhagalpur prisoners were consuming the full
12 ozs. of makkei ata while the Buxar prisoners were on 10 ozs. per day. See
Chart Xla.

Although there are variations and irregularities in these eurves when con-
trasted with those obtained from prisoners on the wheat diets, yet they show
distinctly that the maximum protein absorption is obtained from a diet in which
the amount of rice, whether Burma or country, is close 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 Tice in their diet beyond 12 ogs., for the only effect that a greater
quantity of rice can possibly have is so completely to distend the muscular wall
of the stomach that its motility is lessened ; and, at the same time, the mere mass
of materials increases 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 constitnents of the diets, except
the makkai ata, remaining constant in guantity.

TABRLE XV.
SCHEME oF DIETS.

CONSTANTS:
Burma rice. . 60 ozs. Makkai ata - . S0oza. Dietl
BMung dal . =R LR } + { i o, . . 48 . Dhet]l,
Vegetables . 80 , sl v « . 40 ,, DietIII
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quantity laid down in the jail code, i.e., 12 ozs. per man daily is about the maxi-
mum quantity that the average prisoner is capable of consuming ; and that, while
an 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
12 ozs. per day puts any idea of increasing the quantity of makkai ata out of court.

We may now add to our summary the results of these observations, viz., when
makkai 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 distinctly lower level.  On the average for varying quantities of Burma
rice the lowering of the level of nitrogencus metabolism works out at 1'66 grms.
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 VIL

Another important fact, which i1s 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 ozs. dal and 6 ozs. vegetables would appear to be over 10 ozs. and, as we shall see
from the investigations 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 makkai ata diet.

(2) The 10 ozs. of wheat ata is the correet amount.

(8) 6 ozs. of different dals is probably beyond the amount from which the
maximum absorption can take place, unless the amount of rice is
reduced considerably.

(2) Bhagalpur Jail.

(i) Investigations to obtain the different degrees of nitrogenous metabolism on diets
composed of country rice, wheat ata,arhar dal and vegetables—all constitnents, except
rice of the diets, remaining constant

TABLE XVI.
SCHEME OF DiErts.

Constants. (Countryrice . . 80 om.=DietL
Wheat ata . . 50 ozs. B T e o S
.ﬁ..l']lﬂl.' dﬂ.l - . 3:} i } + 1 ¥ ] £ 1] - ol m 3 =m5t III'
Vegetables . 44 i\ 2 = . . B0 ,, =DietlV.,

i3 ip & w m T =Diﬂt v..
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That is, the maximum protein absorption takes place from 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 Bhugal-
pur jails—Charts IV and X—it will be seen that the level of nitrogenous meta-
bolism is lower in Buxar jail and that, while the curves do not exactly correspond
with each other, they haye 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 observation 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.
Wheatata . . . . : : . 9or 10 ozs.
Different dals . - : - ; 2 . Gozs,
Vegetables . - - - : . o L g

Both charts agree in showing there is nothing to be gained by increasing the
amount of wheat ata to more than 10 ozs. per man daily.

(iii) Investigation to determine the different degrees of nitrogenons metabolism
on diets composed of country rice, makkai ata, arhar dal and vegetables—all consti-
tuents of the diets, except country rice, remaining constant in quantity.

TABLE XVIII

SCHEME oF DIETS.

CONSTANTS. Country rice . 80 ozs.=DietI.
Hﬂ.lﬂiﬂ.i ata s . . " ﬁ{, 0Z8. " I . Tﬂ ” =Dhet II.
Arhar dal i i o S |, 2 » » B0 ,, =DietIIL
Vﬁgﬁtﬁhlﬁﬁ- . . . ol } i 13 . B0 s =Lhet V.
X " » . 40 ,, =Diet ¥

T
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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 may conclude, therefore, that 12 ozs. of makkai 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 makkai ata 12 ozs. for wheat ata 10 ozs. in Bhagulpur
jailis shown on Chart XII. The results 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 great 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 getting 12 ozs. of
makkai, 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 results obtained are very definite and clear. While certain varations
are met with, due to accidental or experimental errors, the main features of the
curves obtained under similar conditions are very closely identical.

We claim to have 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 dJaily. The advan-
tages of this reduction are clearly brought 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 &c 12 ozs. of makkai 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 malkkai ata, from which the best results are
to be obtained. We have seen from the investigations recorded on Table XIII
that with ‘a diet composed of 12 ozs, Burma rice, 12 ozs. wheat ata, and 6 ozs. of
different dals very similar amounts of protein absorption took place whether
the dali was highly nitrogenous or only fairly so. This is evidence that the nitrogen
of the highly nitrogenous dals is not absorbed so well as that of the dals offering
less nitrogen in the diets, and that, therefore, the amount of nitrogen offered in
the form of dal for that type of diet could be decreased with advantage, i.e., would
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leave less residue 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 question, therefore, is :—accepting our result as correct, that the proper
quantities for a diet of the Behar type are 12 ozs. of Burma or Country rice, 10 ozs.
of wheat ata or 12 ozs. of makkai ata, what amount of dal should be 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 protein. Both forms are favourite dals with the Behari. They may
be, therefore, taken as fairly representative of the general run of dals in use.

(i) Investigations to obtain the varying degrees of nitrogenons metabolism on
diets of conntry rice, wheat ata, arhar dal and vegetables—when all comstituents
of the diets are constant, except the arhar dal.

Bhagalpur Jail.

TABLE XX.
ScHEME oF DIETS
CoxaTanTs,
Country rice . - . 60 ozs, Arhar dal . Jbozs. Diet I. ;
Wheat ata . - . 50, } iR { Ly « 80, DietII.
Vegetables i : St LR « 25 ,, DietIIl
Diet 1.

Behari prisoners observed for five consecutive days.

M. of N. of N. of |

Quantity | Total ¥, . K. of
L of rtne, | of Trina. | Yoot | Cooshiy] Sifhos | Arher i?egmnblam
Gl [Erms, 1, grms. Erms. Zrmas, grms.,
- T:.070 49-78 129-8 18-73 2808 34-70 2-30
T 760 S0-00 1207 1873 28-08 370 2-36
Five priconers, Behariz . (4 72000 4550 ) 1873 2808 34-70 236
8,240 SO-23 e 1873 28-08 34-79 236

L T80 G004 1298 18-73 28-08 34-79 2-36
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We, therefore, get the following information from this series—

ro : : Amgunt of
Varying amounts et of ,
e of Arhar dal. soheme. ::; Mmbﬁ:ﬁf
Country rice . 12 ozs. Arhar dal 7 ozs. DietlL 1028
Wheat ata 10 dE Ty Diet: I1. 1049,
Vegetables . 6 R ) RS T T 63 .,

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 quiintity 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 wheatata, - 12 ,, of maklkaiata,
4 ,, different dals, 4 ,, of arhar dal,
6 ,, wvegetables, 6 ,, of vegetables,

but, while combinations such as these are possible and worthy of investigation, we
were guided in 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 impossible 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 makkai
ata were eaten in the majority of experiments in Bhagulpur—where that amount
was given—it was always with some difficulty that we got it consumed for seven
days consecutively, and therefore increase in its amount is not practicable.

Another point to which we may draw attention and one that afiords further
evidence 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 IT and IIT of this table
are contrasted. Thus—

Diet [I—protein absorption from constant + that from 6 ozs.
Arhar dal gives 1049 grms. nitrogen per man daily.

Diet ITI—protein absorption from constant - that from 5 ozs.
Arhar dal gives 963 grms. nitrogen pef man daily.
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The general conclusion arrived at from these investigations is the urgent
necessity fora reduction in the quantities of rice given to the prisoners, both
in the interests of their health and from motives of economy.

The quantity 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 daily. We have no hesitation in
saying that, in effecting 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 animal
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.

——ry

SECTION 4.

The effects of varying the components of the Behari diet, i.e., of
adding an animal protein to it.

TABLE XXII

Buxar”Jail.

(i) Investigations tol determine the percentage of the nitrogen of mutton
absorbed when mmtton is added to a diet in which the level of nitrogenous
metabolism is on a low scale.

Diet A.
Five Behari prisoners on * basal diet * for a week.
| | Weigh |M.of |INof | N i

s . ght| W.of | N of |N. of | Nof | N of

Baron Q. Saanty Totel N §i ol et | Burma | Mung Makkai | Goat's | Vege-
: E'In L | rice. dal. | ata. | flesh. 'F;nhai‘:s

B.c : grms, ibs. | grms. | grms. ! grma, grms. | grms.

8,510 8825 | 1244 | 1360 | 3450 | 2205 | .. 236

8,880 3418 | 1244 | 1360 | 3460 | 2205 | .. 2:36

Five prisoners, Beharis . - 9,130 | 36-03 124-4 1360 34-09 | 2205 i 2-34
10,370 | 3527 | 1244 | 1300 | 3450 | 2205 | .. 2:36

8720| 3564 | 1264 | 1360 3409 | 2206 | .. | 236

Same five men on ** basal diet " to which nutton is added.

Diet B.

r'F.‘.?-II) 4786 | 1238 13-60 345D 2206 1043 ] 230
Toli0 42-07 125-6 1.3-60 3450 22405 1043 | 2-36
Bateh ), same five men | . 4 0,800 | 46-33 123-9 1360 | 3450 ‘ 22005 10043 [ 56
236

0,710 | 44-38 | 1240 | 13:60 | 3450 | 2205 | 1043
0,000 | 44-85 | 1238 | 1360 | 3459 | 2205 | 1043

236
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This is fairly close to the result already obtained in the previous investiga-
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 does 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 the 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—

Whemabs a0 S e IS 6 e il
Mung dal S for’ five Behar
Vegetables : 3 : : x 30 ,, prisoners,

we have seen by Table XI, Diet V, that this diet 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 :—

|
N.of | N.of | N. of N.o | X of
E‘ﬁ:"ﬁ:‘ Burma Mung | Wheat | Vege- | Gost's
| rice, dal. ata. | tables, | fesh.

Quantity

Batca P o Urios.

| Weight.

|
| e | 1ba. grms, | grma. | grms. | grms, | grms. | grms,
!r'i’,EEﬂ | 1178 | 4851 | 1360 | 3439 | 2775 | 238 | 1043
(| 8100 | 177 | 5022 | 1360 | 3459 | 2075 | 236 | 1043
Fivo prisoners, Beharis . {9,930 | 1178 | 4764 | 1360 | 3460 | 2775 | 236 | 1048
|| 10.480| 1180 | 4065 | 1360 | 3450 | 2775 | 286 | 1043
(L8500 | 1178 | 4809 | 1360 | 3449 l 2775 | 236 | 1043

Total intake of nitrogen. = 443'65 grms . Total output—
N. ot Urine « o+« =M40]1grms
i} £rm. dﬁﬂy # + w = 1550 =

Total N. metabolism . . =25741
25741 grms.—233'73 grms,=23°68 grms. is all that would appear to be ab-
sorbed from 52°15 grms. of nitrogen in the form of mutton—only 4540 per cent.
of its nitrogen, which is absurd.
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What has 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 anything
like a normal absorption of an animal protein when added to a purely yegetable
diet, the bulk of the diet must not interfere, and the level of nitrogenous absorption
from the vegetable part of the diet must not be high.

Summary of Section 4.

¥#'. 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 belieye 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 week, 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.

Ii it were found feasible we would recommend that the wheat or makkai ata be
reduced in proportion to the amount of protein available 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 ean 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 tendemcy 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 :—

Burma or country rice . : . . 12 ges
Wheat ata . 3 5 x : . 10 ,,  ormakkaiats 12 gzs,
Different dal in use . . : Py i 2

?egctabhﬂ . . " " . L i 2

This might be looked on as the general scale of Behari diet.
x2
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With fish available, if it be found economical we would suggest that 5 ozs. of
fish be given twice a week, replacing 2 ozs. of wheat or makkai ata and 1 oz. of dal.

THE SUGGESTED S0ALES.

General diet. Diet on two days a week.
Burma or country rice . 12 ozs. Burma or country rice 12 ozs.
Wheat ata - e LU Wheat ata : T
or or

Makkaiata . . S P Makkai ata . = | pes

Various dal available . B Varions dal available . 4

Vegetables . . . G Fish p h [ S
Vegetables G

The general diet offers in round numbers :—

Protsin . - . : - . . . . : . 93 grms.
Carbohydrate . . ; ) - . / 4 d i) I
Fat . ; . : Sl : . ; - ‘ Wl e

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
residue remains to provide for micro-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 grms.
Carbohydrate . - - : . : = - . . 480 ,
Fat . : . r j ; A : : ' 5 . 30

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 cropped up during the enquiry—these we have tabulated under Section
(5)—and to give our general conclusions. '

We shall now take up the relative value of the different forms of food-stuff
in use.
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S B C T [ Oy,

(i) Relative value of Burma and Country rice.

This subject will be found referred to in the work recorded on prisoersin the
Presidency 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 bateh 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 country 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 accompanied by the better protein absorption—see comparative Charts
IX and XIII. There were other factors, however, to be taken into consideration,
o 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 toits 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, when properly treated. is just as likely to maintain
the prisoners in health as is the Indian variety, is shown by the health returns of
prisoners in the Presidency jail, Calcutta, 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. Givenin what we have called the optimum
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quantity, there appears to be very little difference in the amount of protein 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 is, in all probability, due to a difference in the
relative difficulty of thoroughly cooking them.

The cooking of dals and of the different constituents of the dietaries 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-stuffs have already been fully discussed.
When 12 ozs. of makkai ata are given in place of 10 0zs. 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 makkal and wheat ata are given in substitution for one another
(Buxar jail) we saw that the leyel of protein metabolism was decreased 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 irom makkaiata : the protein of makkai ata is to that of wheat ata as
9'55 : 12'24, 1.e., a5 1 : 1'2, and we found that under the same conditions the average:
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 ITT 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 1s 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 contrary,
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 makkai 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 makkai
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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, makkai being given in quantities of 11 ozs.
and wheat ata in quantities of 10 ozs. Both curves present the same 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 calculated ; as in Bhagulpur jail this figure
was irregular from a fall in the amount of makkai ata consumed.

General summary of resnlts 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 diets in 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 iz absorbed from the dietaries when given in full
quantities.

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 called
the optimum amount.

For diets of the Lower Bengal 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.

i 33 m (5] “‘he'ati altlan 1“ NZsE.
7] B 1] 38 mﬂ-khiﬂ-tﬂl 12023..
35 i1 i1l 5 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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,putrefaction. Further, we showed that, by giving the geveral food-stufisin 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, obtain a curve very similar to that given in Chart 1T
which 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 elements 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 faces is 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 left over from
ebsorption must pass out in the feces in some nitrogenous form, either inorganic
or organic, as, for instance, in the form of organised micro-o1ganisms, for whose
growth it forms the essential pabulum. The estimation of the nitrogen of the
{mces, 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 graphic records of the effects on protein metabolism obtamned
from diets providing varying quantities of the different elements when all but
one 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 varving quantities of the food-
stuffi under investigation. In fact, we have shown that the above-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. Ttis not possible to work out an absorptive protein co-efficient for
the several food-stuffs, and find that this percentage of its protein will be absorbed
under varying conditions. We find, on the contrary, that the absorptive 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
reduction in bulk, and in diets whose protein metabolism approaches the lower
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physiological limits that the addition of more of a food-stuff will show an increased
protein absorption corresponding to a co-efficient of absorption similar to that
obtained in European types of diets.

A great deal of work has beendone on the effects of adding wheat ata or an
animal protein to the Lower Bengal dietaries and an animal protein to the
Behar diets.

These effects we have fully discussed in the summaries of the sections dealing
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 woold improve. From
investigations on the microscopic compositions of the fwces it would appear that
the dal granule is the most difficult of all to break down, and that the slightest
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 feces 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 eagy 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 wheat
ata, or wheat ata and fish in those jails where it is found more economical to give
fish on two days per week or oftener. 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, IM.8. : Intestinal Parasites, I M. G, 1900,
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weight is quite up to 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 largely curtailed and the
percentage of nitrogenous residue in the bowel much decreased by the substitu-
tion of a diet of this type for that laid down in the Jail Code; the whole ten-
dency of the recent researches on metabolism is to show that these are 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 Ata 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 2'6 lhs.
2 1 55 decreased ,, ” PO 13 » 179 1bs.
s 3 47 remained stationary.

=57 per cent. gained in body-weight,

(ii). Total prisoners on this diet for a period up to two months=99.

Of these 60 inereased in weight by an average of 42 lbs.
a5 » 28 decreased ,, ,, ETT] i » 20 1bs,
» 5 17 remained stationary.

= 60 per cent. gained in body-weight.

(iii). Total prisoners on this diet for a period exceeding two months=235.
Of these 16 increased in body-weight by an average of 4'8 lbs.

e e 5 decreased ,, ,, i L . u 28 lbe.
i 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 to 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 diet 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-being 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.



CHAPTER IV.
The effect of the large quantity of salt given in Bengal Jails dietaries.

The quantity of salt given in the diet scales of Bengal jails iz 1§th of an
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 much beyond the
physiological needs of the body.

Von Noorden states that probably the presence of as little as 8 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 researches of Widal, the question of
salt in the diet has become a very important one, more particularly in connection
with the causation of cedema from kidney disease, disturbances of the circulation,
and even cirrhosis of the liver. It 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 & mechanical nature, and not
due to any impermeability of the kidneys to chlorides, he found that in these
conditions also & dechlorinated diet has the effect of reducing the dropsy.

Mendel in & most instructive paper on ‘‘ Salt-poor Diet as a Systematic
methed of treatment ** published in the Minckener 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 accumulating with its
accompanying water, is shown to be peculiarly striking in various skin and serous
affections, especially in inflammations 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 hasa more or less injurious influence on its
course. If the serous membranes are involved in the inflammation there is greatly
increased effusion.

In inflammation generally the effusion is reabsorbed the more rapidly the
less the salt taken in the food. The reduced proportion of salt leads to a power-
ful osmotic current from the tissues out into the blood and increases the diuresis,
which further reduces the pressure in the interstices of the tissues, and this in turn
favours reabsorption of the morbid effusion. Mendel describes 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
is a mors watery condition of the tissues of the body and, therefore, an increase
in body-weight. Marey and Widal’s experiments have clearly demonstrated these
results in healthy individuals whose kidneys were quite permeable to chlorides.
Now, so long 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 hydrsemic plethora results in
w@dema, but long before any wisible signs of cedema appear careful daily
weighing will reveal a steady gainin body-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 quantity 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 elaims of Widal, Marey and Mendel and extend the
list of morbid conditions in which limitation of the salt intake forms a most useful
adjunct to 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 to 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 salt—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 isotonic 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
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.

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 intake on its elimina-
tion by the feces and skin.

Investizations to determine the effects of large quantities of salt on :—
({) The amount of chlorides passed in the urine.
(%) + - ¥ 3 aa o 189068
(198) ., =5 s ¥ o an e BWweat
(iv) The body-weight.
(v) The total amount of urine passed.
(vi) The number of red blood corpuscles.

Vo Noorden, The Physiology of metabolism.
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was passed in the fwces per man daily ; with 6°5 grms. 043 grm.
passed in the feces per man daily.

(v) It will be noticed that a larger quantity of NaCl was eliminated in the
urine and feces than was present in the intake during the 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 389 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 15'25 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 yet 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 calculate the amount eli-
minated by the sweat as the total intake of salt was not sufficient to
maintain salt equilibrium. Itis highly 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.

(vi4) The enumeration of the red blood corpuscles shows a decrease with the
decrease inthe 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 jaile. Further, the limit of error in blood counting
is high—quite up to 5 per cent., and the count involves 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 hematocrite, 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
¢auses an increase or decrease in the number of the blood corpuscle
before any definite statement can be made.
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(3) Practically complete absorption of the added salt takes place whether the
amount is large or small.

(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.

(5) The fact that as the quantity of salt ingested increases the skin has to
be called more and more into action in order to 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

theskin . 258 grms. per man daily.
With 14'76 grms. nﬂded to l:het tlmre is Ehmmﬂted

by the skin . . YO8 i v Ui
With 13'00 grms. added to diet tlmra is ehmmated

by theskin . . L e
With 11°50 grms. added to dmt l:here is ellmmate.d

by the skin . . . 088 5 52 .
With 1000 grms. added to dmt t]:uaru i8 BllIﬂlIlﬂtEd

by the skin . 5 )8 A
With 6:50 grms. added to dlct the tﬂtal B:mret-ed

i greater than intake.

8o far asthese observations go, therefore, we see that 65 grms. per man
dailyis too small a quantity, at least when the amount of salt is suddenly reduced
from 20 to 6'5 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 NaCl 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 to contain—1000 c.c. of sweat
containing 0°5 per cent. NaCl —it would mean a much larger amount of salt lost

! Crammer : Ueber die Beziehungen d=r Kleilung zur Hauttatigkeit, 1800,
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per day than Crammer was able to find or 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—inyisible and visible—takes place. At all eyents our
figures show that nothing like so much can have 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.

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
grms,—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 average excretion.

We have further given proof that, under ordinary conditions of work and
perspiration, the amount excreted by the skin varies directly w_ith the total salt
intake ; and, with an intake of 20 grms. the amount eliminated by the skin is
decidedly greater than Crammer found in seyere 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.

It is quite evident from the investigations recorded that an addition of 10 to
12 grms. of NaClin the daily diet provides all that is necessary for physio-
logical needs, and that anything beyond this amount only causes a retention of
fluids within the body with a fictitious adyance 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 is 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
254 grms. of added salt in the diet to at most 15 grms. of pure NaCl. This
quantity is really much more than is necessary; however, with a purely
vegetable 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
pure. 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.
2al



























188

From these observations it would appear 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 themselves. 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 presentin 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 varying quantities.

2.—The relative influence, if any, on the excretion of urine exerted by Burma rice and
Conntry rice,

Intimately cobnected with the apparent influence of large guantities of rice
inincreasing the flow of urine is the question, whether the two varieties of rice do
80 to the same extent.

It will be evident from the figures given in Chapter II and in Bection I of this
Chapter that, under as far as possible the same conditions, the amount 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, Caloutta . . over 2000 ¢.c. per man daily in the cold weather.
Buxar Jail, Behar ; i . over 180e¢e. ., .. 3 x
Puri Jail, Orissa . . : . under 1600 c.c. ,, ,, -z B
Bhagalpur Jail, Behar . ; . " i e 0 4

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 than in 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. What 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 admitted thatif 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 often
associated with cedema—might form an interesting problem from this point of
view.

In order to see whether the greater effect of Burma rice on the flow of urine
would hold under absolutely the same conditions, two batches of prisoners in the
Presidency jail, Caleutta, 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.

P'er man daily. Remarks.

DieT—

Burma rice . . ; . . 20 oz=.

Massur and Arhar dals . . R G Urine 2545 ¢.c. Usual quantity of

Vegetables . . : : s B b salt.

The same men under observation for five days.

Dier—

Country rice . : . : . 20 ozs.

Massur and Arhar dals . : SRR } Urine 2015 c.c. Usual quantity of

Vegetables . L : . ¥ s g salt.

a difference of over 500 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 a ““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. Theresults 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, d.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 fices 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 feces per man daily 14 ozs.
(i) Twenty Bengali prisoners observed for 14 consecutive days, average
weight of fresh feces per man daily 152 ozs.
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Four Qoriya prisoners observed over eleven consecutive days, average
weight of fresh fmces 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 lb. per man daily, i.e., from
three to four times the weight of f=ces passed ordinarily by a European on his diet.

A reduction in the quantity of rice entails a decrease in the weight of the
fmces, but the weight of the fmces seems to be greater when wheat ata is sub-
stituted for an equal quantity of rice.

4.—The average amonnt of the nitrogen contained in the fices.

In a large number of observations on the estimation of the total nitrogen of
feces we found the percentage of nitrogen present to be wonderfully constant
and seldom very much outside the figures 1-2 to 1'8 per cent.

The average for some hundreds of estimations on the ordinary Bengal jail
dietaries works out at 1'6 per cent. of nitrogen. If we calculate what this means .
for the amount of feeces 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 fces, 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 passes 500 grms, of fmces, 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 nitrogen 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 fzeces analysed it is worthy of note that some! writers prefer to speak of differ-
ent foods as large or small fwmces-producers, rather than as being capable of
incomplete or complete absorption.
5—The average amount of uric acid ex:retel in the urine by prisoners on the Bengal

Jail diets.

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 signifi-
cance. That is, the two methods of nitrogenous metabolism—purin metabolism
and the general nitrogenous interchanges—are independent of one another.

~ 1 Hutchinson : Food and the Principles of Dietetics, also Prausnitz, Zoitsch, £. Biologie 1897,
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In a purely vegetable diet such as that of the prisoners in Bengal a high uric
acid 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,
We have made a good many observations on the amount of uric acid exereted

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
amount 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 0'57 grm. per man daily. These figures include deter-
minations on prisoners on both the Bengali and Behari types of diets—the inter-
change of ten ozs. of rice for ten ozs. of wheat ata 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 so 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 bodies or Parin bodies, including 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-stuffs which contain nucleins and
purins. According to Camerer, S8alkowski, 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 high, but it represents about
9 per cent. of the uric acid excreted, on the same diet by the same prisoners, which is
nearly the usually accepted amount. Von Noorden states that the quantity of
these bodies rarely amounts to more than 8 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 Bacteriology, 1593,
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7.—The percentage of urea to the total excretion of nitrogen.

In a very large number of the observations in which the total nitrogen of the
urine was determined, an estimation of the urea present was also made. The pro-
cess followed was that of Mérner-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 urine in 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 901 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 observations in 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 thatin 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 ammenia nitrogen 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 diets.
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. It is 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 a most marked manner.®
Ammonia is a product of protein hydrolysis, and an increase in the amount of
protein assimilated may lead in two ways to an increase in the excretion of am-
monia ; first, becanse, more protein being broken down, more of each of the

1 Zeitechr. {. Physiol. Chemie. 1893,
2 won Noorden : Physiology of metabolism,
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By collating these results we see at a glance their full import—

(¢) 20 Bengali prisoners on mixed diet excreted 085 grm. NHj per man

daily, which is 7'92 per cent. of the total nitrogen of the urine.

(1) 20 Behari prisoners on Behari diet excreted 0-817 grm. per man daily,

which is 7'62 per cent. of total nitrogen of the urine.

(i#1) 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 causes 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—the 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. Tt will be

further noticed that this proportion is lower the higher the level of nitrogenous

equilibrium reached, ¢.e., the percentage of nitrogen eliminated as ammonia

varies inversely with the total nitrogen exeretion.

The question naturally arises as to the explanation of tlua 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 nitrogenons 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 Caleutta, amuongst whom he found that
about 40 per cent. had indican in their urine much in excess of what may be
considered the normal amount.

g.—The relative absorption of protein from a diet containing an animal prntain by
Hindus and Mahomedans.

It is generally helieved that Mahomedans, who are accustomed to an animal
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.

! Bpriggs : Quarterly Journal of Medicine, April 1909,
2 Mullick : Caloutta Medical Journal, May 1909,
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and by an analysis of the records of the physical development of Bengali and Anglo-
Indion 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 development, seemingly entirely due to thelowscale of protein absorption.
Without entering into any detail of the work carried outon 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. o _
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 objectin framing new diet-scales 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 direct opposition to the
views expressed by Chittenden and his followers. According to his results the
metabolism of (°'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 Bengali 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 0715 grm. nitrogen per man daily—

' Scientific Memoirs, Government of India, No. 3. i
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a quantity that Chittenden would consider excessive, particulurly so, whben the
large carbohydrate and fuel value of their present dietaries is taken into
aceount.

The Behari, we found, averaged a nitrogenous metabolism of 950 grms. per
man daily ; his body-weight may be taken in round numbers to be, on the average,
55 kilos, This means the metabolism of 0°173 grm. of nitrogen per man daily.
sgain very much in excess of what Chittenden would consider the protein require-
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 effects, 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 his standards the dietaries are already excessive in both
protein and carbohydrate. The question, therefore, arises, is there any necessity
to raise the level 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 addition of a more assimilable protein ison a different footing, and
to a consideration of this question we ghall now turn.

We shall not go into details regarding the criticisms that have been made on
Chittenden’s proposals, or the 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 yiews 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 Chiltenden contra mundum...........deep down beneath all
superficial fluctuations and gradual evolutions there are certain fundamental,

2p
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instinctive nutritional demands that cannot be interfered with without risk. These
are embodied in old time tradition and customs, and one of these is & demand for
a protein intake much more than double, indeed nearly treble, what Chittenden
would allow,*’1

How do these hereditary instinets 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 available and, in a country not yet
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
foree of circumstances : where he can afford other additional items as fish, milk or
mutton, he readily avails himself of the opportunity of thus increasing 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 quite sufficient
to induce the prisoners to carry out without a murmur whatever was desired of
them. It was further exemplified by the difficulty that we sometimes experienced in
having 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 people, howeyer, can
only afford the cheap home-grown rice and dal with occasional additions of more
palatable elements. Their instincts, therefore, for a better form of dietary are held
in check by an inability to meet the cost of gratifying them. In order to make up in
quantity for deficiency in quality we find that the Bengali has accustomed himself
to consume what to a European seem enormous quantities of rice and even dal ;
the same also is true to some extent of the Behari.

We know 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-
ism. 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. This is
not by any means so marked in the Behari, who, with part of his diet made up of

1 Bir Jumes Crichton-Trowne : loe, cif.
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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 capacity of a nation.
We need hardly instance, in this connection, the rapid and remarkable rise of Japan
amongst the nations coincident with a vastly increased consumption of animal
food, or the recorded fact thot during the late war the Japanese troops had a more
abundant protein diet than any other army in the field has ever enjoyed.

There 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 dietaries. 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 r:huwed, fromobservations on the urine and blood,
how very low the level of interchanges going on within the body was—the
total nitrogen undergoing metabolism being only about one-third that of Euro-
peans. Theonly comparatively high figure we obtained was for sulphates, pointing
to a higher degree of intestinal putrefaction in the Bengali than in Europeans.

Similarly with regard to the chemieal analysis of the blood we found a higher
percentage of water and a lower percentage of total solids and protein : the hseemo-
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 nutrition 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 dief, from 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 prolonged or
sustained muscular effort. From the evidence as to physical development 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 diet on which they
aubsist.

This was particularly well brought out by an analysis of the recorded weigh-
ments, chest measurements, and heights of Bengali and Anglo-Indian students

— = —— e —————e e e —

1 Nitti : The Economic Journal, 1506,
2 Scientific Memoirs: No. 34,
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during the several years of attendance at one of the residential Colleges in
Calentta. Under the same conditions but on different diets we saw that :—

(1) Compared with an average increase in body-weight of 2 Ibs. in the case
of the Bengali students on their diet, there was an average increase
of 14 Ibs. in Anglo-Indian and Eurasian students over similar periods,

(1) Of the Bengali students 42'8 per cent. showed a diminution of weight
compared with 2 per cent. amongst the Anglo-Indian students, in
a comparison of the weights on entrance and at the end of the third
year : of the Bengalis only 153 per cent. gained weight continuously
at College, whereas practically all gained weight continuously
amongst the Anglo-Indian students.

(¢ti) The chest measurements bear out the same conclusions : the Bengali
practically remains unaltered, whilst the Anglo-Indian increases his
chest-girth very considerably.

The diets on which these results were obtained were :—

I —Bengali Students, IT—Anglo-Tndian Stadents,
Protein 67° 11 grms. (of which 93 grms. were  Profein 94° 97 gems. (of which 38°32 grms. were
derived from an animal sonrce). derived from an animal source),
Carbohydrate . - 548° T3 grms. Carbohydrate : : 6700 grons.
Fat - ! . TL:55 Fat . . . : =20

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
with F. E. Dempster, Esq., C.L.E., who makes statistical work one of his hobbies.
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 forwsrd regarding the physical endurance,
capabilities of 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
the protein intake, viz., renal disease, we find the facts do not bear out his conten-
tion ; renal disease being more common amongst the ordinary working population
of Bengal—and very much more so amongst the higher classes in combination
with diabetes—than amongst Europeans in Europe or India. This is all the more
remarkable in a country where scarlet fever is unknown, and amongst a
people where the consumption of alcohol is, comparatively speaking, negligible.
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prolonged exposure to the actinic rays of the sun, the cause of debility to which
Professor Woodruff of the United States army has been calling attention with
some considerable show of evidence. Still another factor of importance is the
ymmature age at which these people usually marry. Many of the Indians, how-
ever, are strong and robust people. I understand that an Indian regiment made
up entirely of natives is the finest lot of men in His Majesty’s Service.”

Now in this apparently fair and honest criticism there are put forward several
definite canses 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 clhmate
actinic Ttays of the sun, immature age of marriage are causes of more import-
ance than diet in the defective development of the Bengali.

We agree that these causes have undoubtedly aninfluence in retarding 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 differences 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 Bengalia
all are equally exposed to these influences, yet retain their energy. Sexual excesses
we have 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 fully to satisfy their desires. Im-
mature marriage is undoubtedly a factor, but there are customs with a tendency
to neutralise itsill-effects : 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 Calcutta
is appalling—showing the weeding out of degenerates in a very thorough manner.
But, while these replies to Dr. Kellogg’s eriticisms 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 tribes—and in
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future will do so to different races—in which the several factors enumerated by
Dr. Kellogg are common to all, the dictaries forming 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 rble played by diet—or
more particularly, absorbable protein—in the different 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 prisoner in the jails of Lower Bengal and Behar.

This fact is evidenced by the Beharis’ 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 these differences from Dr. Kellogg’s stand-
point would be the influence of climate. Bebar is drier than Bengsl, and has a
temperature slightly lower in the cold weather, but much hotter during the summer.

The differences in climate, however, are only marked between the 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 concluded —so far as the evidence obtained by contrasting
the Bengali and Behari goes—that diet appears to play the principal part in the
forration of their respective characteristics and general bearing. The difference
in diet, as we have seen, is the substitution of a ceitain amount of wheat ata for
rice or—translated into its ultimate effect—the metabolism of from 8 to 9 grma.
of nitrogen daily for the average Behari, 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 rest 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 entirely 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
Er
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the different races ; so that the inclusion of the Bengali among the great fighting
races of India is, therefore, quite easily understood. Nor would the peoint 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, although many
regiments were called Bengal Infantry, Bengal Cavalry, etc., not a single man
carrying arifle could claim Lower Bengal as his place of birth. We have no desire
to labour the point, but the question arises: Why is the Bengali unfit for the fight-
ing line 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 maintaiping untarnished the great
fighting traditions of their ruce ? Thus we have the Sikhs, famous throughout the
world for their enducance 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 tvarlike races
abovementioned. Even in the various classes of these and allied races differences in
physique, muscular vigour, hardiness 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 fo 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 meat, parti-
cularly pork for which he has a speciol liking. The Rajput, Pathan, Baluchi, etc.,
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, ete., brings out in its
proper aspect the determining influence of diet on the character-formation of a
people. 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 generally more cruel and ferocious than other
m&n-”

Experiments carried out by feeding one series of young monkeys on vegetable
and another series on a highly animal diet confirm the same opinion—the meat-fed
animals developing inte much stronger and far more ferocious adults than those
fed on vegetable material. Aswe 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 evidence we have hitherto been 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 its
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
Brabmins. However, as we have not yet made a detailed study of these tribes, at
the present time we simply instance them to show that the factors that Dr. Kellogg
lays stress on are insufficient to account for the low developmental conditions 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-
ment 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 :—

I. Bhutias,
1. Tibetan Bhutias and Nepalese Bhutias.
2. Bikkim Bhutias or Lepchas.

II. Nepalese,
1. Chuttries—higher classes (Brahmins).

2, Matwales (Mangar, Jinidar).
These tribes inhabit hills whose height is about 5,000 1eet above sea-level, The
climate is not so cold as that of England —misty and wet during most of the

gummer months ; cold, bracing and clear in the winter. The contrast between
2p2
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the Bengali and the inhabitants of these hills is exceedingly marked. 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, women
and children are jolly, light-hearted, always langhing, joking and chatting, the
children playing, skipping, singing as they run about, very much in the way children
do in England. This is all the very antithesis of what will be found in Bengal
proper and Orissa. The children in Bengal are poor, miserable, pot-bellied Little
creatures with little or no joy in their lives compared with these happy-looking,
well-fed children of the hills. The hill-people generally are healthy, strong and
well-developed, some being of really fine physique ; they are full of energy and
capable of the most arduous and sustained muscular exertion.

The loads that even the women and half-grown children are capable of carry-
ing up the steepest hills are incredible 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 evi:ienc,e, particularly sexual excesses,
than in Bengal. While we have no doubt climate has a great deal to do 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 practically 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 :—

(1) Facts of physical development.

(2) Different diets of the several classes.

(3) Investigations on nutrition of prisoners in Dar]eehng iail..
(4) Conclusions.

(1) Physical development.—As the number of prisoners in the Darjeeling
jail was very limited—these ftribes 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, ete. 'The following summary
gives the results obtained :— .

Bhutias . . 140 men examined.

(a) Tibetan Bhut;ﬂs
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The calf is well-developed also in the Nepalese, but on a somewhat lower scale -
thap in the Bhutias.

The Bhutia from his earliest years is accustomed to the carrying of weights—
and usually the heaviest weight that he can just stagger under ; as years go on and
strength improves his capacity for weight-carrying gradually inecreases 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 after 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 enguire what the dietaries of these tribes show.

(2) The different diets of the several 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 thedifferent tzibes. ‘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 :—

1.—Bhutias.

(@) Tibetan Bhutias, also Bhutias from Bhotan (dandywallas, coolies, etc.,
who perform the hardest work).

Rice . : ] - ; . 24 to 28 ozs.)
Meat (beef penerally or mutton) . 16 to20 ozs.
Vegetables (potato, cabbage, carrots,

: :: . - : . = Bto 1: S Average value of the diet com-

utter . : . . . b puted to be worth 28 grms.
Bread . . . . . 6w8oml| oo grms. protein, of
Cheese . . . 2 ozs. e

which well over 60 per cent. ia

Alooholic liguor, a home product Bitbrod oo’ maadieaal

called murwa . : : . 2 pints
or
Tea prepared with'l oz. of tea, butter
and soda , z ; Q.8

(b) Diet of Tibetan Lamas (priests and those who have not such hard work
as the dandywallas, etc.).

Biew's ' = R . . 18t022 ozay Average value computed to be
Meat . - = - . . 14to18 ozs 2566 grms. of nitrogen or 160
Vegetableaasbefore . . . Gto 8 ozs grms. of protein of which over
Chutto (a food prepared from pulse) 8 0z3, 60 per cent. is derived from a

Alconolic liquor . . . . 1—2 pints animal source.
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{¢) General diet of the more poorly-fed classes who earn lower wages.

Rice . : . . . . 16to18 ozs  Average value computed to be 24
Maabid i i ted bl ~ 0 gty 16 ozs. grms. of nitrogen or 150 grms.
Vegetables - : - - 8ozs. + protein of which over 70 per
Cheese . . - 2 v ; 2 ozs. cent. is derived from an animal
Aleoholic liquor . . 2 pints ]  source.
(d) Diet of Sikkim Bhutias {hard working classes).
Rice . - . - 16 0zs.") Average value of the diet com.
Meat . : : LA 16 ozs. puted to be worth 21 grms,
Vegetables, wine, eto. . = . asbefore ¢ nitrogen or 131 grms. protein
Dal . . ; A 3 i 2 ozs. of which over T0 per cent. is
2 derived from an ammal source.
¢ (&) Diet of Lepc:has {puurer classes of Slklnm Bhutias).
Riee . g . . 28 to 30 oza.] Average value of the diet 185
Meat . - - - . 81t 10 ozs. grms. of nitrogen or 116 grms.
Other items ssme as before. r protein of which about 50 per
: cent. is derived from an animal
J  source,
II.—Nepalese.
() Matwali of the higher classes—Chuttries.
Rice PR e s 16 028.1  Average value of the diet 19°3
e R RS T 4 ozs. grms. or 120 grms. protein of
Meat (never beef) . : . 8025 L which less than 40 per cent. is
Vegetables, ete. . e . : 8 ozs. l o] i o SR e
Aleoholie liquor - - . 1—2 pints J
(b) Nepalese matwali (cultivators, coolies of poorer classes).
Rice . : - . . . 24to280zs. ] Average value of the diet 17-5
Dal . 4to 6ozs grms. nitrogen or 110 grms. of
Meat {whan it uunhaaﬂordad usually protein of which only a small
once a week) . : : 8 ozs. percentage is derived from an
Vegetables and almhnlm liguor .  asbefore animal source.

All drink tea and alecoholic liquor; sometimes maize replaces part of the rice,
and bread is taken when it can be aflorded.

These figures only give the averages and are probably rather below than
above the mark. They are quite sufficient to show how wvery 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 value
of the dietaries of the Bhutias is about 160 grms. and of the Nepalese 115 grms,
The most important poiot, 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.
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Here we have in vogue amongst the Bhutias dietaries in which over 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 mean that the
level of protein metabolism amongst them is relatively very high. Further, the
constant hard work of their daily round calls for a very large expenditure of energy,
go that the digestion of rice and other carbonaceous ingredients of the diet is also
placed on a higher level than is foundin the Bengali ; we may takeit, therefore, that
at least T per cent. of this diet is absorbed under natural conditions. (Thisisin
all probability too low an estimate, but it may be allowed to stand asit errs
on the right side.) That is, the Bhutia shows a nitrogenous metabolism of
about 192 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 kilos 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. or the metabolism of 0°25 grm. of nitrogen per kilo of body-
weight ; whilst that for the Nepalese cultivator and poorer classes of Nepalese 1s
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 cccompanying gradual fall 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 conunon 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, Behari and—incidently—the great fighting
tribes of the Punjab, wiz., that physical development, other things being equal,

! With tho assistance of the District Superintendent of Police in Darjeeling—Mr, Bradley—Captain

Hamilton, 1ALE,, was able to obtain the weighments of 100 dandywallas [Tibetan or Nepalese Bhutias]. The
average weight was practically 60 Lilos.
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nitrogenous metabolism than Chittenden’s standard. SBo far, our work corrohbo-
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 evidence 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 capabili-
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 on a very low scale ; vegetarians and
the followers of Chittenden have assigned every possible eause that could be
thought of, except dief, as offering a full and complete explanation of the Bengali’s
inferior capabilities. We have discussed these hazy, ill-defined influences and,
whilst admitting the probable force of some of them, have largely eliminated
them by contrasting individuals, fribes or races in which all these factors ae
identical, but in which diet alone forms the distinguishing element, or—to put it
more cortectly—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 force us to the same conclusion, that diet or absorbable protein is the all-
important element in the development and character-formation of a people.

From a study of the hill-tribes around Darjeeling we have been able to gather
most important information bearing on this question ; and again, it becomes evi-
dent that the well-developed and more muscular races are those whose diet is very
superior in the amount of absorbable protein it presents. We need not go inte
details of the work carried 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 oceupations requiring great muscular exertion, attains a nitrogenous meta-
bolism much higher than any other tribe, or, indeed, any other race that we have
investignted. 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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As they 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 not 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 it 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 Hoffmann, 8.J., from whom 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 Sawansis, Food taken by them.

Height -5-3" . i . g 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 Khurunkh.

These people are classed by Colonel Dalton as Dravidians and be states that
they are related 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 as, or at a later date than, the Kolas from whom the Mundas
have their origin.

These people, like the Mundas, are said to have been at one time in Behar
and then baving 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 said to have
gone to the Rajmahal hills, and the rest to the Chota Nagpur plateau to form
the race now oceupying part of the plateau and known as Oraons or Khurunkhs.
This is believed to have occurred about the time of the Christian era or at a
Jater date than the Mundas’ migration.

These people occupy a portion of the Ranchi District extending from near
Ranchi town westwards and north-westwards.

In physique they are distinetly finer than the Mundas and, at any rate in
the earlier years of life, many of 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.

26
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Their diet in their native conditions is practically anything that they can
catch including jackals, snakes, lizards and insects. At their feasts they consume
large quantities of buffalo meat. They always eat meat when they can getit 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 root of the nose. Although their cows are used
in ploughing, 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 two meals,—
one portion is eaten with hot vegetables, meat and condiments at night, and the
remainder is kept and eaten cold, frequently only with salt, at any time from
about 8 A.M. to noon.

Average height and weight of 100 Uraon prisoners, Daily food, ete.
Height —b578F . . . - . Rice and dal at both meals. Take marooa
Weight — 107} lbs. bread as morning meal, in the season of

the year (August and September). Quantity
same as Pater, Munda and Sawansi-
Animal food same as Munda or in larger
gquantities,

This concludes the work that we have been able to perform on Bengal jail
«dietaries and on the different problems that have cmpp'ad up during the course
of our enguiry. One of the most interesting questions is undoubtedly the
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 is a powerful factor in determining the position of a tribe or race in the scale
of mankind.

This line of research we hope further to elaborate from a study of the great
fighting races of the Punjab and Rajputana ; at 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 hard day’s work.
On the other hand, in those races where an assimilable protein, and particularly
an amimal protein forms part of the ordinary diet, muscular development and

good fighting qualities seem to be intimately related with the level of nitrogenon
metabolism attained. '





















































































































