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We desire to record the important services rendered by Dr.
W. L. Brapbpox, lately State Surgeon of Negri Sembilan, in
connection with the work on which this report is based. Dr.
Brippox's views respecting the origin of Beri-Beri are well known
to students of this disease and it was to test the accuracy of these
views that this inquiry was undertaken. It was on Dr. Brappon’s
initiative that the approval of Government wasobtained. Through-
out the course of the investigation Dr. Brappox was associated
with us in the work and generously placed at our dispcsal his
unrivalled knowledge of the clinical and other aspects of the Beri-
Beri problem.
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An Im:|u'ir:1||r Concerning the Etiology
of Beri-Beri.

It has long been recognized that the incidence of Beri-Beri is greatest
among ricé-consuming peoples, and whilst from time to time a possible
connection between rice eating and this disease has been suggested,
hypotheses based on such suggestions have not met with general acceptance.
Indeed most authorities have deemed them unworthy of serious
consideration.

Certain oriental peoples partake of a diet in which rice bulks very
largely ; meats and fish are eaten in relatively small amounts and in times
of stress these are still further reduced. In view of this fact some
observers have suggested that such peoples are underfed and that Ben- .
Beri is the result of.proteid or possibly fat starvation.

Believing that the diet issued to the sailors in the Japanese Navy was
deficient in proteid, Takaxi® in 1884 introduced dietetic reforms. “These
were followed by a remarkable diminution in the number of cases and
hinally by the disappearance of the disease. Critics of Takagr's work have
stated that coincident with the alterations in diet, various sanitary reforms
were also carried out and that these latter rather than the dietary changes
were responsible for the results obtained.

Engmane as the result of experiments on fowls concluded that there
exists commonly in rice a poison which produces polyneuritis, and that for
this poison or its effects something contained in the pericarp is an antidote.

An investication based on the results of EijkMan’s researches was
carried out by VorpeErman® in 18g5 and 18g6 in the prisons of Java and
Madoera. In thisinvestigation red and white rices were used.” The distine-
tion between red and white rice is thatin the case of the former only the husk
has been removed whilst in the case of the latter the pericarp, embryo,
spermoderm, perisperm and part of the endosperm have been removed.
The results indicated that the incidence of Beri-Beri among the
prisoners varied directly as the amount of white rice in the diet. Among
those on red rice the incidence of Beri-Beri was .o1 per mille, among those
on a mixture of red rice and white rice 2.4 per mille, and among those on
white rice 28 per mille.

Brappox,* from observations in the Federated Malay States, has
drawn attention to the curious discrepancy in the prevalence of Beri-Beri
among the immigrant peoplesin these Statesand the Straits Settlements, the
vast majority of cases being met with in Chinese and exiremely few among
Tamils. He believed that the disease was due to the consumption of stale
white rice, the staple article of diet among the Chinese immigrants, and
that the Tamils remained free from the disease so long as they consumed
only rice prepared in the Indian manner, that is Dy parboiling before
husking. A similar immunity from the disease enjoyed by Malays under
primitive conditions he believes to be due to the fact that they consume rice
prepared from padi newly husked. He has given the names ‘ uncured,”
““cured” and * fresh " respectively to these forms of rice. This view of the
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etiology of Beri-Beri constitutes, if correct, an important advance upon any
of the hypotheses hitherto formulated which seek for the origin of the
disease in food.

Brappox has dealt with the whole question in some detail in a recent
publication ** The Cause and Prevention of Beri-Beri"”; among the conclu-
sions arrived at from an analysis of his own observations and the available
statistical evidence are the following :—

(1) * The formation of poison in stale rice is probably due neither
to fermentation nor bacteria but to the growth in it of a
special fungus.”

(2) “The poison of stale rice has an antecedent in fresh rice. The
agent must be therefore some ferment or parasite or epiphyte
peculiar to padi.”

(3) “The specific fungus of Beri-Beri is like that of toxic rye and
lolinum probably a parasite affecting the surface of the seed.

(4) * The Beri-Beri producing fungus of rice is probably a surface
parasite or epiphyte affecting the seed saprophytically after
decortication.”

{5) *The Beri-Beri poison is probably an alkaloid which is stable
and non-volatile and resembles atropine in some and
muscarine in other of its effects.”

DusruELs in a monograph ¢ Le Béri-béri " 1go6, gives the result of his
observations on the disease in French Indo-China, and concludes that
Beri-Beri is due to a pathogenic microbe developing in white rice which
has beer decorticated for some time. He believes that this pathogenic
microbe taken with the rice produces an initial lesion in the alimentary
canal, the other lesions characteristic of the disease following. He has not
been able to isolate the supposed organism.

Vaxn Dieren® in a recent volume * Meelvergifticingen ™ calls attention
to the points of similarity, clinical and pathological, displayed by Beri-Beri,
Pellagra, Lathyrism and Ergotism and concludes that these diseases are
forms of grain poisoning.

Numerous micro-organisms have been recorded as occurring in cases
of Beri-Beri and by their discoverers have been held to be the causative
agents. Satisfactory evidence in support of these claims has not yet been
forthcoming. Certain other authorities while admitting that there 1s no
proof that the disease is bacterial or protozoal in orizin hold that the balance
of evidence is in favour of such a view.

Rice.

Rice although not strictly a bread grain furnishes daily food for more
human beings than any other cereal. It is the chief product in China,
Indo-China, Japan, and other oriental countries. In the Federated Malay
States and the Straits Settlements the amount of rice grown 1s not great.
[ts cultivation is for the most part confined to Malays and save in Perak
and Province Wellesley the amount grown only suffices for the needs of
the cultivators, who store the grain in bins and husk it as required.
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To meet the requirement of a large and increasing number of
immigrants, for the most part natives of China and India, a very large
amount of rice must be imported annually. ;

Thus in 1go7 the imports of padi aad rice into the Straits Settlements
were as follows :(—

Country oF ORIGIX. Papi. Rice.
British North Borneo 3,522
Burma Ports 1,979 3,236,928
Dutch Borneo W
French India ; 1G,797
French Indo-China i 183823 759:519
India ... 6,699
Perak .. wein | 400
Siam ... ... 43,668 3,420,755
Siamese Malay States coa o SBREET 24,590
Sumatra SRR 2357

These figures indicate the quantities in pikuls. 1 pikul = 133}

pounds,

Penang and Singapore are largely ports of transhipment and from
these ports a considerable amount of this grain is again exported to these
States as well as to adjacent countries.

Padi, that is the grains of the rice plant, consists of the fruit enclosed
in the palee which constitute the husk. The fruit possesses a thin
pericarp firmly adherent to the seed and either silver-like or varying from
dark red to black in colour. At the base of the dorsal edge may be seen
the embryo lying in a depression. Subjacent to the pericarp are the
spermoderm and the perisperm which surrounds the endosperm  The cells
in the outer layers of the endosperm are filled with aleurone grains and the
central portion of the seed is made up of cells closely packed with starch
erains. Fat is practically confined to the outer layers of the seed.

In the preparation of rice from padi the product varies in accordance
with the methods employed.

Rice as prepared by Malays.—Malays, who grow padi, employ primitive
methods, they pound the grains until the husks are detached and remove
them by winnowing. Portions of the pericarp at least and perhaps all of it
are removed ; should the pericarp be coloured it is almost certain to be
wholly removed especially so in the case of careful housewives to whom
this work is relegated and whose chief desire is to prepare a white rice.
The layers subjacent to the pericarp are not interfered with to the same
extent as when the grains are milled and polished by machinery.

White Rice.—The imported rice, other than that from India and
Sumatra, may be described as white rice and is the kind preferred by the
immigrant peoples, other than Tamils, as well as by the Malays resident in
towns. In accordance with the market requirements the imported padi is
milled either into this rice or parboiled rice.

~ White rice is the “ stale uncared ” rice of Brappon and is the variety
believed by him to be the source of the causative agent of Beri-Beri.

F_ur the preparation of this form of rice large mills have been
established in the places from which the rice is exported, also in Penang
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and Singapore. In these mills the padi is husked and polished by
machinery and since the demand is for a white rice polishing is carried out
50 thumuuhlv that in addition to the removal of the husk, p-’-‘rncarp,
spermoderm and perisperm, a portion of the endosperm is removed; in
consequence, the finished product consists almost wholly of cells {.Imel}r
packed with starch grains.

Parbotled Rice.—The Tamil labourer prefers a rice sumilar to that
consumed by him in India and a small amount of such rice is imported
from India and Sumatra but as the cos? is considerably greater than that of
white rice its use is linuted to the more wealthy Tamils and to some
institutions. ;

To meet the demand for a similar rice and to supply it at cheaper rates,
padi i1s imported from the Siamese Malay States, Perak, and Province
Wellesley and specially prepared in the mills of Penang and Singapore.
The padi is placed in large concrete tanks and covered with water in
which it 1s soaked for forty-cight hours or thereabouts. The moist padi 1s
then transferred to lightly covered cylinders through which steam is passed
for about five minutes. The padi 1s thereafter removed to paved courts
and dried by exposure to the sun. It is then either stored as padi or milled
at once. The milling and polishing process is identical with that
employed in the preparation of white rice but the endosperm is not
interfered with to the same extent and consequently the aleurone laver 1s
for the most part preserved. In microscopic sections of parboiled rice
fragments of the pericarp may be seen.

As compared with similar rices imported from India and Sumatra the
local p"::aduc:l has a peculiar disagreeable odour which can to some extent
be removed by careful washing previous to cooking. The exact cause of
this difference has not been determined. These rices are here called
parboiled rice (the “ cured ” rice of Brappox), the grains are of a yellowish
colour and more or less translucent, it may be that as such rice cannot be
made white the polishing i1s carried to a less degree, or the treatment
previous to milling may have rendered the peripheral layers less friable and
thus less readily removed by polishing.

Comparison microscopically of the Malay, parboiled and white rices,
shows that the latter has been deprived to the greatest extent of its oil-
containing and aleurone layers and chemically we have shown that parboiled
rice contains relatively much more oil than white rice.

The investigation hereinafter described was undertaken primarily to
determine if, when other factors were excluded or controlled people fed on
white rice did develop Beri-Beri and if people under exactly similar
conditions but fed on parboiled rice did not develop the disease. It was
hoped also that opportunity would be forthcoming for the investization of
other aspects of the question.

At the outset it is necessary to state that the disease under investiga-
tion is that form of multiple peripheral neuritis, known as Beri-Beri, which
occurs endemically in this peninsula and the neighbouring islands. As
much confusion has been caused by assigning this name to classes of cases

s



5

differing widely in their clinical manifestations it is desirable to make it
clear that we seek only for an explanation of this disease as met “with
here.

For the purpose of the inquiry it was necessary to observe two parties
of men under similar conditions as to environment, etc., and whose food
supply was definitely known. In view of the suggestion that the disease
may be bacterial or protozoal in origin it was desirable that the places
chosen should have been hitherto uninhabited or that no case of Beri-Beri
should have occurred there for some time previously; further the places
should be in an isolated district sufficiently remote from towns or villages
to exclude as far as possible the entrance of a supposed infection.  Such a
situation would also have the advantage, on account of the abzence of shops,
that the men under observation could not readily obtain food other than
that supplied to them. It is obvious that the conditions required for such
an investigation could not be secured in a public institution as in all such
in these States Beri-Beri is known to be endemic.

Various places were visited with a view to securing satisfactory
conditions, and it was finally decided to carry on observations with regard
to some three hundred Javanese indentured labourers employed in the
work of road construction in a remote part of the Jelebu district in the
State of Negri Sembilan. As will appear from the map the places in which
the labourers were at this time located, Kuala Ayer Baning and Durien
Tipus, were sufficiently remote from the nearest village or town for the
purpose ; Malay settlements in the district were few in number and small
in size. In connection with these latter it should be remembered that
abundant evidence exists to show that Malays in such situations do not
suffer from Beri-Beri.

The first indentured Javanese emploved on road construction in the
Jelebu district commenced work at Pesasi in March 1305. Atthat time
only a small number of Javanese were employed and during the year
following they were moved to Pertang, In September 1906, the work
having been completed, manv of the labourers were sent further along the
road and occupied quarters newly erected at Kuala Ayer Baning (511 mile)
and in January 1907 quarters newly erected were occupied at Durien
Tipus (58th mile). By the end of 1906 the number of Javanese employed
had been largely increased and then numbered about four hundred.

Under the terms of contract the rice issued to these labourers was
supplied by the contractor and as they prefer white rice this kind was
supplied. In the early months of 1906 Beri-Beri occurred among them and
in May, June and July of that year it was a serious source of invaliding and
mortality. From August 2nd, 1906, the employer, adopting the suggestion
of Dr. Brapbon, issued only parboiled rice instead of white rice; thence-
forward it is stated, and this statement is confirmed by the hospital records,
no case of Beri-Beri occurred.

Here then the conditions seemed to be in every way suitable for an
mquiry into the part played by rice in the causation of Beri-Beri because
these labourers without exception still desired to return to a white rice diet
and at this time the evidence of a connection between the consumptinn of
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white rice and Ben-Beri was by no means convincing either to the general
body of medical and scientific workers or to ourselves. The importance of
reaching some conclusion regarding the origin of the disease cannot be
over-estimated as the number of its victims in this Peninsula alone runs
into many thousands annually.

Throughout these States no labourers other than Tamils will consume
parboiled rice unless compelled to do so and while there was any doubt as
to the harmful influence of white rice no effective measures could be taken
for the suppression of Beri-Beri.

By acceding to the wishes of the group of labourers comprised in this
investigation opportunity would be afforded for a thorough testing of the
position of dietary factors as causative agents. The labourers were there-
fore given the option of returning to a white rice diet after it had been fully
explained to them that by so doing they ran the risk of contracting Beri-
Beri. Without exception they chose the white rice but as for the purpose
of comparison two parties were required, half the number only were
allowed this diet. It was hoped also that by continuous observation of a
large party of men on a parboiled rice diet it might be determined whether,
apart from its disagreeable musty odour, any grounds existed for the
objections made to xhc consumption of this rice.

At the time the investigation was commenced, April 1go7, the three
hundred labourers then remaining were divided into two parties of approxi-
mately equal numbers, the one party at Kuala Ayer Baming, the other
party at Durien Tipus. The clearings for the quarters had been made
in virgin jungle and no case of Beri-Beri had occurred at either place.
The qmuleh were well raised from the ground, the floors made of split
bamboo, the walls of bark, and the roof of light attaps, thus they were
well ventilated. In all cases the lines were well drained and near running
water. The sanitary conditions were good.

In April all the labourers were examined and found to be free from any
sign of existing or recent Beri-Beri. The results of the physical exami-
nation of each person were recorded for future reference and an arrange-
ment made that any person subsequently joining the parties should be
carefully examined previously.

An interval was allowed to elapse during which any latent case might
be expected to develop and as all remained healthy white rice was 1ssued
to the Durien Tipus party for the first time on May 12th, the Kuala Ayer
Baning party remaining on parboiled rice as before. The rices were of
wuntformly good quality and weve obtained in guantities sufficient for one month
at a fime.

DiET.
The daily ration was as follows :—
Rice 21.3 OZs.
Diried Salt Fish Tt
Onions ot
Potatoes e S
Coconut Oil B.BE o
Coconut T.500
Tea 0.1, %

Salt 0.1 o
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The various articles composing this diet were submitted to analysis
in this Institute by Mr. EaTon, and the results obtained were as follows : —

WV hite Rice—

Proteids. Fats. Carbohydrates. Salts.
7:45 . 017 78.02 0.51
Parbotled Rice— _
Proteids. Fats. Carbohydrates. Salts.
7.8 0.53 76.92 0.72.
Diyied salt fish—

The species of fish so prepared are numerous, and the kind issued to
the coolies varied to some extent. The average results from the analyses
of a number of these species were—

Proteids, Fats. Salts.
35-7 2.96 13.24
Onions—
Proteids. IFats. Carbohydrates. Salts.
1.5 0.28 11.28 0.5
Potatoes—
Proteids. Fats Carbohydrates. Salts.
1.8 0.2 31.66 1.04
Coconuts—
Proteids. I'ats. Carbohydrates. Salts.
3-95 346 15-2 0.95

Based on these ﬂl]&lFEES the diet issued to those consuming whaite
rice has been calculated to consist of—

Proteids. IFats. Carbohydrates. Salts.
QI.4§1 grms. 43.708 grms. 499.165 grms. 23.064 grms.
and to contain —
Carbon 303.75 grms.
Nitrogen 14.8 o

The diet issued to those consuming parboiled rice has been calculated
to consist of—

Proteids. Fats. Carbohydrates. Salts.
93565 grms. 45'882 grms. 492°540 grms. 24°335 grms.
and to contain
Carbon 302°34 grms.

Nitrogen 13 grms.

In accordance with European standards it is statec that 2 grammes
of proteid, 1-5 grammes of fat, 6 grammes of carbohydrate, and o'5 gramme
of salt per kilogramme of body-weight are required. The average body-
weight of the persons under observation was about 100 lbs. and for an
individual of that weight therefore the diet should contain— j

Proteids. Fats. Carbohydrates. Salts.
90.72 grms. 68 grms. 272.16 grms. 20 grms.
and would contain

Carbon 220.73 grms.
Nitrogen 14.6

”n
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If now this calculated standard diet be compared with the diets
consumed by the persons under observation it will be seen that the issued
diets can in ne way be vegarded as deficient. [t is true that the amounts of fat
are considerably less than in the standard diet but the deficiency in this
respect 1s more than compensated for by the excess of carbohydrate.

Nearly one-half of the proteid material in the diets issued is derived
from rice, and it may be suggested that the treatment of the grain previous
to milling renders the proteid of parboiled rice more readily available than
that of white rice. So far as a limited number of experiments have gone
no evidence has been obtained in support of this suggestion.

It is well known that with a sufficiency of proteid in any diet, fats and
carbohydrates are to a considerable extent interchangeable and it must
not be forgotten that the inhabitants of warm countries habitually consumée

relatively less fat and more carbohydrate than do the inhabitants of cold
countries.

The parties were under constant medical supervision throughcut the
course of the inquiry and while as already stated the im'estig;ui(}n Was
primarily directed to the part played by rice in the causation of Beri-Beri,
attention was also directed to other factors which have been suggested as
bearing upon its etiology. Thus the incidence of ankylosiomiasis. malaria,
ete., was ascertained and a general examination of all the coolies made at
intervals of about one month and more frequent examinations of those
showing signs of illness. In these examinations attenticn was particularly
directed to the nervous system so that in the event of Beri-Beri developing

there should be a complete record of lhc patient’s cendition during
the preceding months.

The }mrtuﬁ as originally formed are designated Party No. T (Durien

Tipus); Party No. II (Kuala Ayer Baning), “and Party No. 111, a small
party at Pertang.

On July 1st the requirements of the work necessitated the division of
Party No. I into two groups. One group of approximately fifty (Party
No. I A.) remained at Durien Tipus, the other group, about one hundred in
number (Party No. I B.), were transferred to Juntai at the 56th mile. The
quarters at this latter place had been newly erected in a fresh clearing.
The conditions as regards food remained unchanged. The individuals n
these two groups being under similar dietary conditions were, for the
purpose of this investigation, regarded as one party and were moved freely
from one place to the other.

In order to enable the history of each individual to be followed both
as to place of residence and as to diet, we have made use of Tables. In
these the individual retains the same number throughout. Red and black
lines indicate the period of time each individual was on white or parboiled
rice respectively. If not a member of the party as orginally formed the
place from whence he came is indicated at the beginning of the line and
if he left the party before the conclusion of the uneshg*ﬂmn the place to
which he went is also indicated ; the names of these places are shown in
red or black according as the parties were on white or parboiled rice.

N e

e X s il
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PARTY No. | A (July October, 1807).

This party was formed on July 1st of tho=e of Party No. 1 who
remained at Durien Tipus. The members of it had for the most part
been on white rice since May 12th, a few bad joined after that date.

The first case of Beri-Beri (No. g) occurred at Durien Tipus on
August 7th, the second case (No. 67) on August 1gth twelve days after
the first case, and the third case (No. 124) on September 3rd ten days
after joining the party. These dates indicate the tims of commencement
of an indisposition which terminated in or was followed by definite signs
of Beri-Beri; in nearly all cases this date is antecedent to the loss of
the knee-jerk.

In view of the possibility of the disease Leing infectious in ongin it is
of importance to discuss fully the histories of the first cases. The first
ul*-.e (No. g) had been from May 12th continuously in residence at Durien

I'ipus as had also the second case (No. 67). The third case (No. 124) had
been transferred from party No. I B. (Juntai) on August 23rd and the
peculiar manner in which he came in contact with the first two cases of
Beri-Beri at Durien Tipus, to which reference will presently he made,
suggested the likelihood of his having acquired the disease by infection.
The, fourth case (No. 37) which developed on September 6th had also
been intimately associated with the first two cases.

If an infection be assumed, the period of incubation from these cases
may be fixed at ten to fifteen days. While there is nothing in the histories of
the first two cases to suggest any intimate association, the third and fourth
cases to develop were known to have bLeen in intimate contact with the
first two. The third case (No. 124) on his transference to this party was
inadvertently assigned quarters in the hospital, a partitioned off part of the
quarters, and the fourth case yNo. 37) had been in this hospital under
treatment for Malaria since August 23rd.

As the first case (No. g) had been continuously in residence the
question naturally arises as to how he acquired the infection. He is
believed to have suffered from Beri-Beri about two years previously in
Java, but no residual paralysis or sign other than diminished knee-jerks
remained to support this history. Still it might reasonably be suggested
that he may either have had a relapse or have acquired an infection from

without.

In regard to the possibility that he may have acquired an infection
from without, it is necessary to consider the conditions in this party for
fifteen days preceding the development of the disease, that is from
July 22nd to August 7th. On July 22nd there were present in this party
twenty-eight individuals. During the interval under review three left the
party and ten joined, five of these from P: wrty No. . B. at Juntai, four from
Party No. II at Kuala Ayer Baning, and one (No. 42) from Hospital at
Kuala Klawang where he had been under treatment for pulmonary
tuberculosis. Neither in Party No. I B. nor in Party No. I1. did any
cases of Beri-Beri exist at this time.

Rl e, - ..
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There is no evidence that the man from Hospital had ever had Beri-
Beri previously and he had no signs of the disease on joining the party
nor did he develop any signs later. IHe died some months afterwards of
pulmonary tuberculosis. There is little doubt that while in Hospital this
man would be in contact with Beri-Beri cases and the only remaining
explanation is that this person may have been the means of r.:nm-'e:,-'i_ng the
hypothetical infection though he did not himself suffer from the disease,
or only suffered from it in such mild form as to be impossible of recogni-
tion clinically.

.Granting that the deduction as to the period of incubation is
erroneous and that this period is really longer, those who joined this party
earlier than July 22nd must be considered, excluding the individuals
joining from Parties No. [ B. and No. IL. which were known to be free
from Beri-Beri.

No. 123 joined the party from hospital on June 7th. He developed
no signs of Beri-Beri.

No. 124 joined the party from hospital on May 2oth and after a stay
at Durien Tipus subsequently joined Party No. 11 B. at Juntai, returned
to Durien Tipus on August 23rd and developed Beri-Beri there on
September 3rd. If he acquired the infection in hospital the period of
incubation would be fixed at some four months. In any case this man
cannot be accused of having introduced the disease as he did not develop
it until a month after the first case.

No. 125 joined from hospital on May 2oth and did not develop the
disease.

No. 127 joined from Pertang on July sth and more than three
months later developed Beri-Beri. He had no signs of the disease when
he joined and his case resembles that of No. 124 in regard to incubation
period.

No. 123 joined from hospital on June jth and after a stay at Durien
Tipus joined Party No. [ B. at Juntai afterwards returning to Durien
Tipus from which place he was sent to hospital on October sth for treat-
ment of an eye affection.

No. 129 joined the party from goal on June 2oth and shortly after-
- wards was transferred to Party No. I B. He did not develop signs of
Beri-Beri.

Thus in a place in which it is known that no Beri-Beri had occurred
previously and in an individual continuously in residence in that place for
many months, during three months of which he was under special obser-
vation, the disease was developed. In seeking for an origin of the hypothe-
tical infection in this place we must conclude that it was conveyed by some
person from without who himself showed no signs. Any discussion as to
its having originated de¢ nevo in No. g. or that it was a relapse after
two years interval would be futile. The chances of infection having been
introduced by persons not under observation, such as Malays or Chinamen
passing along the road, are very remote indeed.
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Dealing now with the question of food as a source of the disease it will
be seen that Party No. I A. were on white rice from May 12th until
October 11th. During this period thirty members of this party were on
white rice for three months or longer and amongst these seven cases of
Beri-Beri occurred. Duting the time Beri-Beri was present at Durien
Tipus, August 7th to October 11th seven individuals joined the party,
either from Party No. I (Kuala Ayer Baning) or from hospital, there was
no white rice issued at these places and none of these seven developed

eri-Ber1 though they were exposed to the chances of an infection equally
with the other members of the party. Of thirteen individuals who came
from Party No. I B. where white rice was being issued two subsequently
contracted Beri-Beri.

The resuits in this party therefore suggested the possibility that a
diet of which white rice formed the staple was in some way concerned in
the production of Beri-Beri.
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PARTY No. IB.

The first case of Beri-Beri (No. 15) to develop in this party was taken
ill on the 2gth of September. He had been in the party since its formation
on July 1st and had been on white rice 1n all 141 days.

The second case (No. 7) developed on October 1oth. This man had
been on white rice 152 days.

The third, fourth and ffth cases Nos. 76, 57, and 109, followed
rapidly, the dates being October 1zth, 16th and 18th. These cases had
been on white rice 134, 158 and 160 days respectively.

From the view point of infection there is little to be said regarding
this party. Such may easily have been introduced from Party No. I A
at Durien Tipus where the disease had broken out seven weeks previously.
These two parties were located only two miles apart and on holidays,
which occurred twice a month, very slight restraint was placed upon their
movements as for the primary purpose of this inquiry they were regarded
as one party.

The introductions from outside into this party were No. 86 who
returned from Kuala Klawang Hospital on July 12th. No. 102 who joined
Party No. I from Kuala Klawang gaol on June 22nd and was transferred
to Party No. 1 B. on its formation, July 1st. Five individuals were
transferred to this party from Party No. 1 A. on July 23rd after which
date no other transfers were made. Six people were moved from Party
No. II to this party. None of the individuals here referred to developed
Beri-Beri.

It is proper to mention here that in determining whether a given case
was to be admitted as a case of Beri-Beri the most rigid exciusion was
practised. Only such cases as presented unequivocal signs of the disease
were admitted. In every instance the diagnosis was based on the opinion
of at least two medical men, in most instances by that of four. Where any
doubt was cast upon the accuracy of the diagnosis such case was rejected.
The result therefore is that, apart from the cases here recorded, there were
many others which, in the opinion of the writers as well as of those
associated with them in this inquiry, were really mild or obscure cases of
the disease. The difficulties in this respect will be appreciated by those
who have had to deal with the disease clinically. No such doubtful case
was at any time observed among the people on parboiled rice, and the
inclusion of cases of this type occurring in the white rice parties does in no
way strengthen the case for an infectious origin of the disease.

By October 11th seven cases had occurred in Party No. I A. and by
October 18th five cases in Party No. I B. As there was apparently nothing
further to be gairied from a continuance of the white rice diet, it was thought
that the time was suitable by a change to parboiled rice to observe the effect
of this alteration of diet upon the course of the outbreak. Accordingly
parboiled rice was substituted for white rice in the diet of Party No. 1 A.
on October 12th and in that of Party No. I B. on October 1gth.

After this change no case of Beri-Beri occurred in either party and
such cases as showed signs suspicious of Beri-Beri rapidly got well.
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This abrupt cessation of the outbreak constitutes important evidence
of a causative relationship between the consumption of white rice and
Beri-Beri. It is known that diseases of infectious origin do tend to die
out abruptly and it is admitted that this cessation is not incompatible with
an hypothesis of an infectious origin for the disease and it is possible that
the cessation of the outbreak on the change of rice was merely a coinei-
dence and that all the susceptible individuals had dev eloped Beri-Beri.

The results in Parties No. 1 A, and No. 1 B. may be tabuiated as
follows :

I.  Assuming an infectious origin for Beri-Beri.

Party No. I A.

Case I August 6th.
i 11 s Tgth.
- LT September 3rd (exposed to infection August 23rd).

T & 2 6th (directly exposed to infection
August 23rd).

” V i 15th.

i3 V1 October sth (transferred from Party No. [ B.
October 1st).

L] ""‘Il T lﬂlh.

ParTY No. I B.

Case 1 September 2qgth.
»s 11 October 1oth.
- L X 12th.
e SN x 16th.
e L 4 15th.

II. Assuming a dietary origin.

Up to 30 days on white rice, cases ... o
From' 31 ,, 6o 5 ’ ' o
42 61 ,, go = 2 s e
- G, 12 o i G 4
T O = g s 3
O 1 " o - Y.

i

& eI et g i

e oo =P s
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PARTY No. Il (May--October, 1807).

This party located at Kuala Ayer Baning was employed for purpoeses of
comparison with the results in Parties No.1 A.and No. 1 B. At this place
only parboiled rice had heen issued since the quarters were first occupied
in September 19o6. These conditions were continued till October, 1907,
and the party was under observation from May till October. ‘The same
care was taken in examining the coolies comprising this party as was
taken in dealing with members of the white rice parties.

At one time or another one hundred and forty-three individuals were
members of this party. Of these one hundred and twelve were on par-
boiled rice continuously from May 1st until the date (August 7th) when
Beri-Beri first appeared in Party No. I A, and eighty-nine remained on
parboiled rice until the change to white rice on October 1gth. There were
present in the party for at least three months one hundred and tw enty-one
and there were present during the period August 7th— October 1gth one
hundred and thirty-one.

During the period, May 1st—October 1gth, men left the party to go
to hospital and some two or three were sent to gaol. The majority ‘of
these returned to the party on their recovery or release. Of such returns
there were in all twenty-five, twenty-ore frem hospital and four from
gaol, who may be regarded as potential SIDL'II'CE‘: or carriers of an infection in
contrast to thirteen who joined Parties No. 1 A. and No. 1 B. during the
same period. In addition, this party was located nearer a settlement than
either Party No. I A. or Party No. [ B. It will thus appear that the
chances for the introduction of an hvpothetical infection were much greater
in the case of the control Party No. Il than in Parties No. I A. and
No. I B. Despite this preponderance of factors favouring the introduc-
tion of infection no case of Beri-Beri appeared in this group.



16

PARTY No. Il (October, 1907 May, 1908).

In view of the results obtained. it was decided to reverse the conditions
and to place this party, bitherto on parboiled rice, on white rice, and to
have Parties No. I A. and No. 1 B. henceforward on parboiled rice.
This change was made in Party No. Il on October 1gth, no other
alteration, dietetic or otherwise, being made.

The better to safeguard this party from infection it was decided that,
so far as it was possible to do so, no one should be allowed to join the
party from outside. All persons sent to hospital were on their return
assigned to other parties. In consequence of this procedure the numbers
of this party materially dimimished during the course of the investigation
and gradually it came to be a more or less selected party, only the more
rabust of its members remaining,

On the 1gth of October there were at Kuala Aver Baning one hundred
and eleven people a number of whom left or were transferred soon after that
date. The removal of the party from Kuala Ayer Baning took place on
March 22nd, they were therefore under observation at that place for
one hundred and sixty-five days. Fiftv-eight of the party had been con-
tinuously present since the 1gth of October and one from the 28th of
October. Five men joined the party from hospital on the 2nd of October
and one joined on the 28th of October. Une other joined from hospital
on the i13th November. Thenceforward as already stated no one was
allowed to join this party.

This period of one hundred and sixty-five davs at Kuala Ayer Baning
considerably exceeded the minimum interval which elapsed at either
Juntai or Durien Tipus between the first issue of white rice and the
outbreak of Beri-Beri. Seventy-seven coolies were under observation for
at least ninety days. i

As the work of road construction had been completed at Kuala Ayer
Baning by the 22nd of March, the labourers, fifty-four in number, compris-
ing the party on that date were transferred to new quarters at the 64th mile.
These quarters had been erected about two months previously and had not
been occupied. Between the old and new quarters the party was not
exposed to any possible infection so far as is known.

On April gth No. 311 developed Beri-Beri and about the same
time No. 371 also developed the disease. Owing to the requirements of
the work it was found necessary on the 23rd of April to transfer the
remaining members of the party to quarters at the 611 mile. These
quarters had been occupied since November 18th by Party No. I which
comprised ninety to one hundred and ten persons and amongst whom no case
of Beri-Beri had occurred since the change of rice on October 11th and
igth. The two cases of Beri-Beri which had occurred at the figth mile
were, as 00N as the diagnosis was established, transferred to the quarters
at 614 mile in order to be more directly under medical care and as the
remainder of the party were transferred on the date mentioned it is clear
that abundant opportunity was afforded by this movement for the
transference of an infection if such had existed.
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When the change had been effected there were occupying the
quarters at the 61} mile one hundred and thirty-one people, forty-two
who had been and were now continued on white rice, eighty-five who had
been and were now continued on parboiled rice, and four individuals who
had been transferred from the 64th mile previous to the 23rd April. Two
of these latter were cases of Beri-Beri and two were suspected cases.

The food for the mixed party other than the rice was prepared ina
common kitchen ; the rices were prepared in separate kitchens and in order
to be quite certain that the people on white rice were not given parboiled
rice or vice versd the food was issued to the parties at different hours. In
all other respects the parties were under identical conditions.

On the 25th of April No. 388 developed Beri-Beri. On May 1st, No.
joa developed the disease and No, 405, 433, 347 also on May 1oth, May
1oth, and May 11th, respectively.

Amongst the parboiled rice party although carefully observed for
possible cases of Beri-Beri no signs were noted.

If the disease is an infectious one it is difficult to explain the course of
events at this place since in the one group comprising some thirty-fve
individuals to whom white rice was being issued there occurred five cases
of Beri-Beri, while in the other group comprising scme eighty-five indivi-
duals to whom parhmled rice was being issued no sign of the disease
appeared. The members of the two groups occupied the same quarters,
freely intermingled with one another and were so far as could be known
under identical conditions in all respects save only in the matter of diet.

As regards the question of place infection the transference of the
party from the 64th mile to the 614 mile had no effect on the progress.of
the outbreak and to further test the possibility of the quarters at the 64th
mile being an infected place some thirty individuals who had been on par.
boiled rice at Dhurien Tipus since the 12th of October and in whom no case
of Beri-Beri had occurred since that date, were removed to these quarters
on May 7th. These remained in the 64th mile quarters for one month, a
period exceeding by a fortnight, the duration of residence of the white
rice party in these quarters before the first case of Beri-Beri occurred.
Save for the change of place the conditions, dietary, etc., remained un-
changed and no sign of Beri-Beri was observed among them.

As possibly further bearing upon the question of infection by one of the
suggested modes, namely through fecal contamination, it may be noted
that during the time the two parties were together at the 614 mile an
outbreak of amwmbic dysentery occurred. This disease showed no selective
action on the parties but attacked members of both, eight cases occurring
in the parboiled rice party and six cases in the white rice party.

On May 12th all the people remaining on white rice at the 614 mile
were changed to parboiled rice. After this date no case of Beri-Beri
occurred.

In view of the importance of the results in this party its history may
be briefly reviewed. From October 1gth to March 22nd they were
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housed at Kuala Ayer Baning and were on white rice. The history of the
outbreaks of Beri-Beri at Dutien Tipus and Juntai had led us to believe
that if the consumption of white rice were responsible for the disease, an
average period of about one hundred and twenty-five days was required.
This party was on white rice for one hundred and fifty-six days and no sign
of the disease had appeared. [t is to be remembered however, from the
view point of the dietary hypothesis, that owing to the conditions which had
been laid down the party became eventually one composed of seiected
individuals who may be presumed to have been more resistant to the
possible harmful influence of white rice.

On March 23rd the party was transferred to new quarters at the 64th
mile and on Apnl 7th the first case of Beri-Beri occurred. When two
definite cases had developed the party was transferred to the 613 mile and
formed part of a large party at that place. Cases of Ben-Ber continued
to appear in this group until the change to parboiled rice on May 12th.

Change of place had therefore no effect upon the progress of the out-
break and no evidence was forthcoming that members of this group were
able to convey the disease to individuals on a parboiled rice diet. |

It is believed that these results indicate that place per se or considered
as a nidus of infection has no influence upon the development of Beri-
Beri and confirmed our belief that the disease is not a communicable one.
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PARTY No. 1 (October 1807 May 1908).

This party, now composed of Parties No. 1 A. and No. | B. subsequent
to the change to parboiled rice, was employed for comparison with the results
in Party No. Il. In the case of Party No.1 A. this change dates from
October 12th and in the case of Party No. 1 B. from October 1gth. The
party continued on parboiled rice until the end of the investigation in
June 19o8. One group remained at Durien Tipus until transferred to the
64th mile on May 7th ; the other group, formerly at Juntai, was transferred
to the 611 mile on November 18th. As has already been stated no case
of Beri-Beri occurred in either group composing the party subsequently to
the change to parboiled rice.

On October 1gth, all the cases of Ben-Bern eight in number (Nos. 7.
37, 57, 60, 76, 102, 124 and 127) were at the Durien Tipus quarters.
They remained in this place until November 3rd, when seven of them
were sent to Hospital at Kuala Klawang ; No. 37, being then too ill to be
moved, remained. Attention is called to this lact as bearing still further
upon the question of infection including the influence of place. In these
quarters seven cases of Beri-Beri had developed in eight weeks among an
average population of about thirty. There were now eight cases of Beri-
Beri in different stages in the quarters, an undoubted focus of infection if
the disease were a communicable one, yet no further sign of the discase
showed itself.

It may be that all the susceptible individuals in this party had by this
time become affected and it may be suggested that this explains the cessa-
tion of the outbreak coincident with the change in diet. Against this
stands the fact that on November 1st, fourteen labourers, who had just
arrived from Java, joined this party while the Beri-Beri patients were still
at Durien Tipus and on November 15th, twenty-two more such persons
joined the party. It might have been expected that among these there
would have been some who were susceptible.

No. 188 who had developed the disease at Pertang (Party IlI) on
December 28th was transferred to this party on January sth, in order to
be nearer medical care. As has been already mentioned cases of Beri-
Beri were also transferred to this party from Party No. II and cases of
Beri-Beri continued to develop in Party No. I1 while occupying the same
quarters as Party No. I. No attempt was made to isolate such cases, in
this respect following the universal custom in the treatment of Beri-Beri.
It resulted in consequence that cases of Beri-Beri in all stages of develop-
ment were in contact with healthy people, yet at no time was there any
evidence that the disease could be communicated to an individual on
parboiled rice.

The party under review was a large one, two hundred and two
individuals were present in it at one time or another from October 1907 to
May 19oB. One hundred and fiftv-six of these were present for not less
than three months continuously and one hundred and eight for not less than
six months continuously.

During this period twenty-five individuals returned from hospital and
twenty-one joined the party from Party No. III Pertang. From time to
time also some joined from Party No. 11.

Thus it will be seen that in this large party there was abundant
opportunity for the introduction of an infection, yet no sign suggestive
of Beri-Beri was observed in any of its members.
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PARTY Neo. IIL

This was a small party in the employ of the same contractor and
engaged on his rubber estate at the village of Pertang. Only parboiled
rice had been issued to the labourers on this estate from August 2nd, 1906,
and there had been no cases of Beri-Beri. From August 16th, 1907, white
rice was issued and continued till May 31st, 1608, The jarty was under
observation from August 1st, 1go7. As will be seen frem the table the
number of individuals remaining there continuously during this peried was
small, eight. The number on white rice cortinuously for at least three
months was thirty-six and for at least six months there was twelve.

One case of Beri-Beri only (No. 188) occurred at this place on Decem-
ber 28th, 1goy. He was transferred to Party No. I on January sth, 1goS.

FFrom the point of view of infection in Party No. II1 the patient
remained among them for seven days after he had developed the disease.
Between December 28th, 1go7, and January 5th, 19o8, there were in all
thirty people in this party. In addition it should be stated that this party
was much less isolated than the other parties under observation.

As regards food their proximity to a village rendered it easy for the
men to obtamn food other than that supplied to them

The white rice issued at this place was from the same stock as
supplied to Parties No. | and No, 11

No special importance is attached to the results in this party, as owing
to its situation, there were many uncontrolled factors in operation.

The table is given in order to make complete the history of the indivi-
duals in other parties.
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Ankylostomiasis.

In view of the suggestion that has been made attributing to the
presence of nematode worms in the intestine, particularly Ankylostomes, a
causative action in the production of Beri-Beri, examinations were made
to determine what proportion of the coolies under observation harboured
these parasites. The individuals were not selected in any way so that the
results below probably indicate with fair accuracy the incidence of the
various intestinal parasites.

Party No. 1.
No ova found ... ... 26 times.
Ova Ankylostomes only = e
Ova Ankylostomes and Ascaris e
Ova Ankylostomes and Tricocephalus ... s el
Ova Ankylostomes, Ascaris and Tricocephalus ... 10 ,,
Ova Ankylostomes and larvae Strongyloides ster-
coralis R gt eup ] &
Ova Ankylostomes, Tricocephalus and larvae
Strongylotdes stercoralis K. 4 ik
(va Ascaris only e
Ova Ascaris and Tricocephalus G e
Ova Tricocephalus only et ¥ Jaion
Total number of examinations ... 82
Percentage harbouring ankylostomes ... 52.4%
ParTy No. II.
Noova found ... ... 5 times.
Ova Ankylostomes only i A TB
Ova Ankylostomes and Ascaris SRR gt
Ova Ankylostomes and Tricocephalus Sk LT
Ova Ankylostomes, Ascaris and Tricocephalus ... 8
Ova Ascaris only Lkt
Ova Tricocephalus only i
“Ova Ascaris and Tricocephalus YT e
Total number of examinations ... 58
Percentage harbouring ankylostomes ... S e

Percentage of all examinations in which
Ankylostome ova were found ... M
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Kxamination of feces of individuals who afterwards suffered from
Beri-Ber.

No ova ... ... B times,
Ova Ankylostomes only Sed e m s
Ova Ankylostomes and Ascaris ... T L AN
Ova Ankylostomes and Tricocephalus ... L b EERE
Owva Ankylostomes, Ascaris and Tricocephalus ... 2
Owva Ankylostomes and larvae Strongyiosdes
stercoralis ... o I
Ova Ascaris and Tricocephalus sa g (TR
Total number of examinations ... 19
Percentage of individuals who suffered from
Beri-Beri harbouring ankylostomes ... wre B2

The percentage of persons harbouring ankylostomes among those who
suffered from Beri- Beri was therefore practically the same as the percentage
among the waole popalation under observation. The number of examina-
tions is admittedly too small to be conclusive on the point, but the results
indicate that Ankylostomes play no part in the causation of Beri-Beri.

Bloocd Examinations.

Upwards of a thousand of these examinations were made and systematic
observations o1 the bloyod of the Beri-Beri patients failed to reveal, by the
staining m:thods emp'oyed, the presence of any organism likely to have a
causal relationship to the disease.

During the psriod of shght pyrexia which commonly preceded the
onset of definite signs of Beri-Beri, malaria parasites were found in the
blood on several occasions. In such cases it may be that the attack of
malaria precipitated the onset of Beri-Beri or wice versi.

An attempt was made, by taking blood hlms from a number of
persons, 1o obtain a series of filims extending over some months preceding
the onset of Beri-Beriin a given individual. The choice of individuals was
not fortunate however and the most that was obtained was that in one case
the series extended over a week preceding the onset of Beri-Beri. In this
case no parasites were found.

Results and Conclusions.

. In the course of a systematic inquiry especially undertaken to test
the position of white rice as a causativeagent in Beri-Ber, it was observed
that twenty cases of this disease occurred among two hundred and twenty
people on white rice who were continuously present in the various parties
during the course of the outbreaks. In the parties on parboiled rice
during the same periods and under similar conditions, among two
hundred and seventv-three people no sign of the disease appeared. -
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2. Since all cases presenting equivocal signs of the disease were
excluded we are of opinion that there were many ‘other cases which in the
ordinary routine of clinical practice would have been regarded as Beri-Beri.
Such cases only occurred among people who consumed white rice, and their
inclusion would not strengthen the case for an infectious origin of the
disease.

No case of Beri-Beri occurred in any person who had been on
white rice for a less period than eighty-seven days.

4. Systematic examinations were made of the blood and urine of
patients suffering from Beri-Beri. Various methods of examination were
employed but in no instance were any organisms found except those well
known as the causative agents of other diseases.

5. In the course of the inquiry patients in various stages of Beri-
Beri were at times in contact with parties of men on parboiled rice. The
results of observations made on such occasions furnished evidence that the
disease is not a directly communicable one.

6. Removal of patients suffering from Beri-Beri from one place to
another did not influence the progress of the disease and removal of entire
parties from the place where the disease had occurred did not influence the
progress of the outbreak so long as they continued on white rice. These
experiments suggest although thﬁy do not prove that place per s¢ or con-
sidered as a nidus of infection has no influence upon the development of
Beri-Beri.

7. In three instances in which definite outbreaks of Beri-Beri occurred
among parties on white rice, substitution of parboiled rice was followed by
a cessation of the outbreak.

8. The outbreaks of Beri-Beri cannot be attributed to deficiency in
the diet issued, either in respect of proteids, fats, carbohydrates or salts.

g. No evidence was obtained to show that any article of food other
than white rice was a possible source of a causative agent of the disease.

10. Ankylostomes and other Nematode worms were not found in a
larger proportion of patients suffering from Beri-Beri than in the general
population under observation.

11. The general results lend support to the view that the disease Beri-
Beriasit occurs in this Peninsula has, if not its origin in, at least an intimate
relation with white rice, and justify further research along these lines,

Samples of the rices employed in this inquiry were taken daily and
submitted to exhaustive chemical analyses and microscopic observation.
The results of this branch of the inquiry, which is still in progress, will be
communicated in a subsequent number of these Stupies and will form the
basis for a further investigation which it is proposed to undertake.
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THE ETIOLOGY OF BERI-BERI.

| THE suggestion of a causal relationship between the consumption

of white rice and the disease beri-beri was first formally made in
this country by Braddon.! This observer also drew attention to the
important fact that those who consumed rice that had been parboiled
before husking remained free from the disease, as did also the native
Malays who consumed rice prepared by primitive methods of pounding
and winnowing.

A series of observations made by the writers?® in 1907 on two
parties of labourers, under conditions which execluded or adequately
controlled the operation of factors other than diet, confirmed the
correctness of this view of the causation of the disease. The prior
observations of Fletcher® and Luey * in this country and of Dubruel ?
in Indo-China and the recently published observations of Ellis ¢ furnish
further testimony, and it may now be claimed that the theory rests on
a solid basis of evidence.

The mechanism by which white rice was able to produce this
result has remained obscure. Braddon suggested that “the cause
of the disorder is not indeed rice, gqua rice, or as an article of
diet, but diseased rice; rice from which poison derived from decay,
due perhaps to some fungus, or mould, or germ, or spore, originally
perhaps growing upon the husk, has become mixed during the process
of milling; or upon which such fungus may have grown and such
poison have been produced after decortication.” Eijkman? from ex-
periments on fowls concluded that a definite poison exists commonly
in rice and that for this poison or its effects something in the pericarp
is an antidote. Dubruel conceived the ingestion of an organism
assoclated with white rice, which organism multiplying in the body
produced the disease,

Following the line of thought suggested by the poison hypothesis
researches were undertaken fo determine whether from white rices
actually associated with outbreaks of beri-beri there could be extracted
by means of various solvents any substance or substances recognisable
by chemical methods as poisonous in character. These researches
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failed of their object, thongh it is admitted that the aceuracy of the
poison hypothesis was not thereby disproved.

Certain results which emerged from chemical analysis and histo-
logical examination of the rices turned attention to the possibility of
an explanation of the course of events on an hypothesis of a defect of
nutrition. That this explanation was inadequate, if dietary consti-
tuents as estimated by the ordinary analytical methods were alone
considered, had been shown in the preliminary investigation.

By a series of experiments on domestic fowls, the details of which
will be supplied in a later publication, it was shown that these animals
when fed on various kinds of rice were sensitive to differences between
them. By further and repeated experiments with rices known to
have been associated with outbreaks of beri-beri and with controls
under identical conditions fed on parbeiled rice, it was established
that a certain reaction in fowls might be taken as an indicator of the
heri-beri-producing power of a given rice when forming the staple of
the diet in man.  Whether the disease produced in fowls be aceepted
or not as analogous to beri-beri in man, the validity of the arguments
here advaneed remains unimpaired.

Rices were available that were known to have been associated with
outbreaks of beri-beri, samples having been taken daily during the
continuance of the preliminary enquiry in 1907. Also through the
conrtesy of Dr. J. D. Gimlette and Dy, G. D. Freer we were enabled
to procure white rice which was being consumed prior to an outbreak
of beri-beri among Malays at the Kuala Lumpur Police Depit, which
outbreak ceased on changing the rice supplied to the parboiled variety,
It was shown that these rices when fed to fowls constantly produced
a certain disease in a large proportion of them, while parboiled rice as
constantly failed to produce this result in groups under identical
conditions. It is our belief that this disease, polyneuritis gallinarum,
iz truly analogous to beri-beri in man, similar in its etiology, in its
clinical manifestations and in its pathological effects, and that its
occurrence should be held as important confirmatory testimony of the
connection between white rice and beri-heri. Tt is desirable, however,
to emphasise the point that the acceptance or non-acceptance of this
opinion is immaterial to the argument ; for this purpose the oecurrence
of the disease is emploved only as a reaction. The fact that certain
white rices when forming the staple of a diet in man produce beri-beri
rests on quite other testimony than that supplied by experiments on
domestie fowls.
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The commercial varieties of white rice are numerous, but in this
country, apart from the grading as to quality, two varieties are in
common use and are known respectively as Siam and Rangoon.

From epidemiological considerations and from experimental
evidence it appears that Siam rice is considerably more potent 1 1ts
beri-beri-producing powers than Rangoon rice.

The proteins, fats, carbohydrates, and ash were determined for
the different varieties of rice which had been employed in the ex-
periments, with the following percentage results caleulated on dried
material —

Protein. Fat. Carbohydrate.  Ash.

White rice (Siam) ... 907 .. 017 .. 9011 .. 065
” (Rangoon) 844 ... 081 .. 8990 .. 085
Parboiled rice... B O 1 (S 1 L T

A comparison of these vesults shows that the only marked
difference among the rices was in respect of fat, which was most
abundant in the variety known as Rangoon, less abundant in
parboiled rice, and still less abundant in Siam rice. These observa-
tions, taken in conjunetion with the experimental results in fowls,
excluded the possibility of an explanation of the origin of beri-beri
on the ground of a deficiency in fat. It will be noted that these
analyses did not include an estimation of the relative proportions
of the inorganic salts composing the ash, nor did they take account
of the manner of combination, organic or inorganic, in which these
substances originally existed in the rice grain.

By a method devised in this laboratory, sections of the various
rice grains were obtained of sufficient thinness to permit the examina-
tion in detail of their histological characters. By suitable staining
methods it was shown that in parboiled rice remnants of the pericarp
remained attached to the rice grain whereas in Siam rice the pericarp
and the layers subjacent to it had been polished away. It would
appear that parboiling rvenders the grain tough and non-friable, in
consequence the peripheral layers cannot be removed so readily as in
the untreated grain. It was further demonstrated that the layers so
refained in parboiled rice contained the most of the aleurone and oily
material present in rice grains. Rice as prepared by primitive
methods (Malay rice) was similarly examined, and, as might have
been expected from the pounding to which this rice had been subjected,



parts of the pericarp and subjacent lavers were chipped off to a
varying extent, but on the whole these layers were retained to a
oreater extent than is the case with white rice.

Early in the course of the experiments the observation was made
that parboiled rice subjected to exhaustion with hot alecohol and
thereafter carefully dried in the sun to free it from alcohol, produced
when fed to fowls a disease mdistinguishable from that observed in
fowls fed on white rice, though such parboiled rice in its onginal state
was incapable of producing this result however long continued.

The association of the observations referred to in the two preceding
paragraphs seemed to point a way to a solution of the problem. It
had been shown that white rice as prepared in the mills of this country
produced the same results in fowls as white rice known to have been
associated with beri-beri. If now a substance or substances residing .
in the outer layers which are milled away in white rice and are retained
in parboiled rice could be added to white rice and so prevent its
harmful effects it was conceived that the nutritive hypothesis would
thereby be supported.

In accordance with this idea the following experiments were
initiated. A rice mill in Singapore was visited and there was obtained
(A) a quantity of the original padi then being milled—in this case a
partially husked padi imported from Indo-China; (B) a gquantity of the
finished product as it came from the machine; (C) a quantity of the
*“ polishings ” from the same rice,  Polishings, it may be stated, consist
of the outer layers of the seed removed in the process of making the
rice white. The miller estimates that 40 parts of padi produce 25
parts of white rice, 5 parts of polishings and 10 parts of husk. The
polishings arve sold as food for cattle and the husks are burned as fuel
i the mill.

ExprerimeENT A.-- Twelve fowls were fed on the Iru,di for five weeks.
Result, All remained healthy.
ExrEriMENT B.—Twelve fowls were fed on the white rice alone.

Result. 1In five weeks six had developed polyneuritis; two were
dead, one having suffered from polyneuritis and one from a disease
other than polyneuritis; five fowls remained healthy.

Exeeriment C.—Twelve fowls were fed on rice taken daily from
the same bag as that used in Experiment B ; in addition, polishings
i the form of emulsion, in amount equal to that milled from the
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quantity of rice consumed, were fed by a tube passed into the crop
daily. This quantity was subsequently diminished week by week until
only 3 grammes of polishings per kilogramme of body weight were
being given daily. This amount sufficed to maintain the fowls in health
and in constant weight.

Result. The experiment was continued for seven weeks and all
remained healthy.

This result was subseguently confirmed for rice from known out-
breaks of beri-beri.

It will be understood that these three experiments were in progress
simultaneously and that the fowls were in all respects under identical
conditions.

ExperimeNT D.—Part of the original padi was taken and milled
by a Malay woman by primitive methods into the finished product as
eaten by Malays. Eight fowls, fed for five weeks on the rice prepared
from the original padi by the Malay method, remained healthy.
Eight fowls only were used for this experiment as the quantity of padi
then remaining sufficed only for this number for the time it was esti-
mated the experiment would last.

Attention is drawn to the important point that the products used
in these experiments were all derived from the same lot of padi, and the
results force us to the conclusion that it is the milling process which is
essentially at fault; the polishing of white rice removes from the seed
some substance or substances essential to the maintenance of the
normal nutrition of nerve tissues.

To elueidate the point as to whether rice when freshly milled is
legs harmful than that which has become stale, an assistant was
stationed in Singapore who sent daily to the laboratory by the most
expeditious route a quantity of rice milled on the day of despatch.
Twelve fowls were fed on this rice and five developed polyneuritis in
four weeks. 'This result, which is similar to that obtained in other
experiments, when fowls were fed on rices milled from four weeks to
two years previously, disposes of the suggestion that the harmfulness
of white rice 18 due to its staleness or to the development in it of a
poisonous substance or smbstances subsequently to its being milled.
The root of the evil lies in the milling process itself. The result
further indicates the inadequacy of preventive measures founded on
the poison hypothesis in regard to the use of freshly milled rice.
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An experiment was now planned to determine whether a parboiled
rice proved harmless could by exhaustion with hot aleohol be reduced
to such a condition that it would produce polyneuritis when fed to
fowls, and whether the substances so extracted when fed to fowls with
a white rice proved harmful could prevent the development of poly-
neuritis. For this purpose parboiled rice was repeatedly exhausted
with hot aleohol. The aleoholic extracts were concentrated in vacuo
at a temperature of 52°C., freed from alcohol and the residue emulsified
in distilled water. Experiments with these products showed that
fowls fed on the exhausted parboiled rice contracted polyneuritis, and
that fowls fed on a white rice proved harmful by previous experiment
remained healthy if they received in addition a quantity of the
extract.

Having by these and other experiments, the detfails of which are
omitted so as not to encumber the argument, arrived at the point
when it was clear that the essential cause of beri-beri was to be'sought
for in a nutritive defect, further efforts were made to determine by
chemical methods precise differences between various rices. Such
differences, if they are to furnish an adequate explanation for the
origin of beri-beri, must be in accordance with clinical observations
and the experimental results in fowls.

Acting on a suggestion made to one of us by Dr. F. W. Mott,
F.R.8., an attempt was made to estimate the lipoids of the different
rices, but as the time element enters so largely into these estimations
and our experiments with fowls were proceeding rapidly, it was decided
to determine the amount of phosphorus caleulated as phosphorus pent-
oxide (P,0,) in the various rices in use. It speedily became appavent
from these analyses that the phosphorus content of the different rices
varied with their known harmful influence, the less phosphorus
contained in a given rice the more liable was it to produce polyneuritis
in fowls ; conversely, the higher the phosphorus content the less likely
was it to produce polyneuritis,

Thus a sample of parboiled rice which was fed to fowls over many
weeks all remaining healthy was found to contain 469 per cent.
P,0, and a sample of white rice which produced polyneuritis in fowls
vielded 277 per cent. P,0,. The rice polishings employed in Ex-
periment C yielded 4.2 per cent. P,0 ..

From a series of observations it was determined that a fowl under
the conditions of our experiments weighing from 1,200 to 1,400
orammes required G0 grammes of parboiled rice daily to maintain it in
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health and in nutritive equilibrium. In Experiment C it was deter-
mined experimentally, the chemical analysis being then unknown, that
when fed on white rice a fowl of this weight required the addition
of about 3.5 grammes of polishings to preserve it in nutritive
equilibrium. From the data given above it may readily be caleulated
what amount of polishings added to white rice is required to raise the
phosphorus content of the white rice diet to that of the parboiled rice
diet. Thus

60 grammes of parboiled rice ... .3,120 grms. P,0,
60 & white PP T

Difference ... 1458 , P,0,
Polishings contain 4.2 per cent. phosphorus pentoxide.

Calculated from the phosphorus content therefore 3.47 grammes of
polishings added to the 60 grammes of white rice supplied to a fowl of
1,200-1,400 grammes weight should preserve it in nutritive equilibrinm.
From experimental observation 3.5 grammes of polishings had been
shown to accomplish this result.

There is thus afforded striking testimony to the value of phos-
phorus estimation as an indicator of the likelihood of a given rice
to produce polyneuritis when fed to fowls, or, following the argument,
the likelihood of its producing beri-beri when forming the staple in the
diet of man.

We are greatly indebted to Mr. B. J. Eaton, Chemist in this Tn-
stitute, for valuable assistance in the chemical part of this investigation.

Dr. H. Schaumann has had the goodness fo send us recently a copy
of his address before the German Society of Tropical Medicine in which
he.stated his conjecture (Vermutung) that beri-beri was a disease of
metabolism associated with a diet deficient in organically combined
phosphorus.

SUMMARY.
1. Beri-beri is a disorder of nutrition and, as it oceurs in this

country, is associated with a diet in which white rice is the prineipal
constituent.

2. White rice as produced in the mills here commonly makes
default in respect of some substance or substances essential for the
maintenance of the mnormal nutrition of nervous tissues. These
substances exist in adequate amount in the original grain and in
superabundant amount in the polishings from white rice.
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3. The estimation in terms of phoshorns pentoxide of the total
phosphorus present in a given rice may be used as an indieator of the
beri-beri-producing power of such rice when forming the staple of a
diet in man.

The prevention of beri-beri in this country will be achieved by
substituting for the ordinary white rice a rice in which the polishing
process has been omitted or carried out to a minimal extent, or by the
addition to a white rice diet of articles rich in those substances in
which such white rice now makes default. One such article which is
cheap and may readily be obtained is the polishings from white rice.

The use of parboiled rice as suggested by Dr. Braddon will achieve
a like result, provided that the polishing process is not carried beyond
the limited extent now customary.

The details of the experiments upon which these conclusions are
based will be supplied in a forthcoming number of these Studies,

which will also include the results of further experiments now in
Progress,




A t J | 1
. TF L y ’ T ] | i
{ i f C: R f
- L 1 ) 3 LERa Sl oty -
8 | 0 I Ll M | 1 8 5
1 - i q 4 X 3
i fe LE] 1 { F 1 & i RS {




PRINTED AT THE
FALS. GOVERNMENT PRESS,
KUALA TUMPITR,






















STUDIES

FROM

.-."1) Y

THE INSTITUTE FOR MEDICAL RESEARCH,
FEDERATED MALAY STATES.

Ro. 12.
1 54D hTHHiXﬂ?

|’__H

BERIB

BY

|

HENRY FRASER, m.D. (ABER.),
Divector, Institute for Medical Research.

AMD

A. T. STANTON, mM.D., (TOR.)

Bacteriologist, Institute for Medical Research.

Singapore :

KELLY & WALSH, LIMITED, PRINTERS,

AND AT

SHancHAl, HoNGKONG AND YOKOHAMA.

1911
Price: Seven Shillings.

g



















THE ETIOLOGY OF BERI-BERI.

}
L]
1

HE etiology of beri-beri has been the subject of investigation
by workers in many countries, and in view of the wide
divergence of the conclusions arrived at and the varying results
of the preventive measures suggested, it will be apparent that the
problem is one of great complexity., Not a little of this confusion
has been introduced by the lack of agreement among authorities
as to what disease conditions are to be included under the name
beri-beri. A survey of the voluminous literature which concerns
itself with this disease will show not only that forms of
polyneuritis of different etiology have been called beri-beri, but
that even diseases of which polyneuritis may not be a prominent
feature such as ¢ epidemic dropsy” ¢ ship beri-beri” ¢ Ceylon
beri-beri” and the like have been included under this name. It is
not to be expected therefore that any single etiological factor will
satisfactorily explain all the recorded outbreaks of so-called
beri-beri.

The Malay Peninsula has long been known as an * endemic
focus ™ of beri-beri and the recorded sickness and mortality rates
irom that disease during the past several decades show that great
economic losses have resulted from its ravages. The Government
of the Federated Malay States have in consequence greatly
interested themselves in furthering investigation into the cause of
beri-beri and five years ago the task was assigned to us of
attempting to define more narrowly the etiological factors
concerned. In previous papers the results of this work as
obtained from time to time have been set forth and it is now
proposed to review the progress made and to submit the details of
the work upon which our conclusions are based.
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At the time this inquiry was begun, students of the disease
were divided into two principal groups in regard to their views of
its origin. On the one hand it was held that beri-beri had its
origin in some organism, bacterial or protozoal, and that the
disease was communicable, directly or indirectly, from man to man
(Manson, Scheube, Daniels, Wright); on the other hand it was
maintained, more particularly by physicians in Eastern Asia where
the disease is most common, that the cause of beri-beri was to be
sought for in food.

An examination of the evidence put forward by these latter
workers, notabiy Takaki in Japan, Eijjkman, Grijns, Vorderman
and others in the Dutch East Indies and Braddon in this country
made it difficult not to believe that the question of diet wasa
factor of great importance in the causanion of beri-beri and that
inqairy along this line held out the best prospect of success.

Attention was directed long ago to the influence of diet in the
causation of beri-beri. Wernich (1) who studied the disease in
Japan writing in 1878 says: ¢ The kak-ké s a chronic constitutional
disorder of blood-making and of the vascular system. Rice as the
exclusive food of the people is answerable for it in a guite especial
way. Not, however, as some have thought because it 1s used in a
decomposed state, but because it is used in such quantities that
the power of assimilation 1s gradually lost for other kinds of food ;
and even the large quantity of rice is unable to render the nutrition

and blood-making adequate.”

Van Leent (2) from his experiences in the Dutch East Indies
wrote: * The dietetic error which I regard as the one and -{mly
cause of the morbid composition of the blood in beri-beri consists
in the too small proportion of albuminous substarces and fat.”
In support of this he gives the experiences of the disease in the
Dutch East Indian flest from 1870 to 1878 particularly during the
war in Acheen both among the native and European members

of the crews.




(e =

Takaki (3) believed the disease to be due essentially to nitrogen
starvation and in 1884 introduced certain reforms in the diet of
the Japanese Navy. Up to this time beri-beri had been an
important source of invaliding and mortality among the sailors, of
whom about 30% were incapacitated annually from that disease.
By the beginning of 18go under the improved diet beri-beri was
wholly eradicated and the incidence of other diseases greatly
decreased. Takaki still adheres to this view of beri-beri causation
and in the course of a series of lectures on ** The Health of the
japimese Navy and Army " in 1906 (4) he gives fresh evidence in
its support : “ Another illustration of the influence of diet upon the
health of the men is shown by the fact that there was not one case
of beri-beri among the sailors of the naval brigade before Port
Arthur although there was a large number of cases in the army.
These men lived among the soldiers and under exactly the same
conditions but they differed from the soldiers in one respect that
they were supplhed with one pound of meat, ten ounces of barley,
and twenty ounces of rice per diemt while the soldiers were supplied
with five ounces of meat and thirty ounces of rice. The above
example confirms my view that beri-beri largely occurs among
men who are fed with an insufficient quantity of nitrogenous food
and and excess of carbohydrates.”

Durham (5) who studied the dizease on Christmas Island and
in the Malay Peninsula while concluding that: ““so far as there was
any semblance of a positive result in the observations it is
suggestive that beri-beri 1s communicated from person to person
more or less directly or through fomites as an actual infection
stated that * It was difficult not to believe that the presence of
some constituent of the diet had a sheltering effect on the nervous
system of the individual "™ and again that ¢ it is suggested that
certain articles of diet by virtue especially of containing phos-
phorized and fatty matters may tend to ward off the disease when
given in sufficient amount."

Professor Chittenden quoted by Bryce (“British Medical
Journal ™ Dec. 11, 1909) says with regard to the statement, that
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the Japanese Navy had found that a high protein diet was
accompanied by a diminution in the number of cases of beri-beri
he contended that it did not necessarily follow that the increase
of protein was the cause. He thought that 1t was much more
likely that other elements were introduced into the food capable
of accounting for the disappearance of the disease. Protein pure
and simple is unlikely to be utilised as a food in the body. It is
much more likely that it requires to become a salt of lime,
potash or soda before it can be available for dietetic purposes. He
thinks the mineral salts introduced with the protein prevented
beri-beri much in the same way that lemon juice prevents the
appearance of scurvy.

Epidemically and endemically the occurrence of beri-beri 1s
cartainly greatest in those tropical and subtropical countries whose
inhabitants partake of a diet in which rice forms an important and
generally the staple constituent. The other articles of diet vary
with the country but rice varies merely in kind or quality and but
little in regard to the quantity consumed.

[n those countries where the disease is endemic the incidence
has always been greatest among the poorer classes, inmates of
pablic institutions and the like. Supporters of dietary hypotheses
have therefore sought to account for the occurrence of the disease
in that thz diet consumed was deficient in some substance or
substances essential for nutrition and those workers who have
incriminated rice consider either that a diet in which this article
buiks largely is deficient in protein or fat, or that the rice has
become diseased from the action of moulds or other organisms.

The suggestion of a relationship between a rice diet and
beri-beri is a very old one and there are numerous references
to it in the literature of the disease. In the second edition
of Hirsch's “Handbook of Geographical and Historical
Pathology,” published in 1881, a review is given of the

various hypotheses propounded to explain the origin of beri-beri.




R S

Dr. Hirsch says: ¢ The conjecture that the morbid poison i1s
some specifically noxious thing in the food, brought about by the
local conditions, i1s a probable one, and there has bheen no lack
of hypotheses in that sense. At an early period the question
was propounded whether it might not be some poisonous properiy
of (decomposed) rice that represented the cause of the malady.”

This conjecture was revived by Braddon (6) who studied
the disease in the Federated Malay States and the contributions
made by this observer have led to material advances in our
knowledge. Braddon was the first to show the closeness of
the relationship which exists in this country between the con-
sumption of white rice as a staple article of diet and the disease
beri-beri. Of even greater importance was his demons-
tration of the fact that where the staple article of diet is rice
which had been parboiled before husking as used by the Tamil
population, or rice as prepared by the Kampong Malays, the disease
does not occur.

As will presently appear this position which for many years
Braddon defended in local medical circles has since been
abundantly justified by controlled experiments.

Braddon’s conception of the mechanism of beri-beri causation
through white rice (“stale uncured rice”) was that ‘““the cause
of the disorder is not indeed rice, gud rice, or as an article of diet,
but diseased rice; rice from which some poison derived from
decay, due perhaps to some fungus, or mould, or germ, or
spore originally perhaps growing upon the husk, has become
mixed during the process of milling; or upon which such fungus
may have grown and such poison have been produced after
milling."

In accordance with this hypothesis Braddon recommended
as preventive measures the use of fresh rice (Malay rice or
freshly milled rice), or rice that had been parboiled before
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husking. He  conjestures that in the parboiling process, the
hypothetical organisms are made to germinate and in ihat
vilnerabie stage are destroyed by heating. He compares the
process to that employed in laboratories to sterilize or render
free of noxious germs various materials which may contain
them.

This hypothesis of beri-beri causation has not met with
acceptance by the later investigators, Grijus, Kiewit de Jonge,
Schaumann, Arvon and others, who regard the disease as the
result of some defect in the composition of the foodstuffs ingested.




With a view 1o determine the position of white rice in regard
to the causation of beri-beri, Dr. Fletcher {7) carried out a series
of observations extending over two years among the patients in the
Lunatic Asylum, Kuala Lumpur. In his report of the results
Dr. Fletcher says: * During the year 1005 a large number of
lunatics in the Kuala Lumpur Lunatic Asylum suffered from
beri-beri. Ninety-four of the two hundred and nineteen lunatics
treated in the Asylum were affected and twenty-seven died from
the disease.

“With the purpose of testing Dr. Brabpon's theory, obser-
vations were carried on in the following years (1906, 1goy) with
regard to the diet of the patients. Half of the patients were placed
on a diet of ‘cured’ (parboiled) rice while the other half remained
on the diet of ‘uncured’ (white polished) rice which kind all the
lunatics of the Asylum had been eating previous to the commence-
ment of the observations.™

““ The lunatics were housed in two exactly similar buildings on
opposite sides of a quadrangle surrounded by a high wall. On
December 5, 19035, all the lunatics at that time 1n the hospital were
drawn up in the dining shed and numbered off from the left. The
odd numbers were subsequently domiciled in the ward on the east
side of the courtyard and no alteration was madc in the diet; they
were still supplied with the same uncured rice as in 1905 The
even numbers were quartered in the ward on the west side of
the quadrangle and received the same rations as the occupants of
the other ward, with the exception that they were supplied with
‘cured’ rice instead of the ‘uncured’ variety. The two batches
of patients were kept in separate wards and fed at different times.
Separate cooking and feeding utensils were used but otherwise the
patients were allowed to associate together. At the half year the
two batches were changed over to each others apartments.”

Thz result for 1go6 was that “out of 124 inmates fed on
‘uncured’ rice 34 suffered from beri-beri, 2 of whom were
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suffering from the disease on admission and 18 died; whereas
among 123 inmates fed on cured rice there were only 2 cases of
beri-beri both of whom were suffering from the disease on
admission, and no deaths.”

At the end of 1906 there remained 35 lunatics in the “cured”
rice ward and 30 in the “uncured” rice ward. The first patient
admitted in 1907 was admitted to * uncured ™ rice, the second to
eured,” the third to uncured and so on to the end of the year.

During the year 1goy, 136 patienis were treated in the
““uncured ' rice ward ; of these patients 28 suffered from beri-beri,
4 of whom were suffsring from the disease on their admission.
During the same year 131 patients received a diet containing
“cured " rice; four of them were admitted actually suffering from
beri-beri but none of these 131 patients developed the disease in
the Asylum.

Fletcher concludes that: “ The cause of beri-beri 1s to be
sought for in the diet. The resuit of the experiment tends to
show that white polished rice, although of the best quality, is a
cause of beri-beri acting either by some poison which it contains
or by a starvation due to some defect in the nutritive value of
such rice.”
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In 1907-1908 the writers carried out a series of observations
designed to test the position of white rice as a causative agent
in the production of beri-beri. A detailed account (8) of this
inquiry has already been published and the results may here be
summarized.

It was considered important that these observations should
be made in a place hitherto free from the disease and where
the operation of factors other than diet could be excluded or
adequately controlled. Satisfactory conditions were obtained
at Durien Tipus in Negri Sembilan where some three hundred
Javanese labourers were engaged in the construction of a new
road through virgin jungle, remote from the complex conditions
which interfere with observations in populous areas. The quarters
occupied by these labourers were new and the sanitary conditions
were satisfactory.

The three hundred labourers were divided into two parties of
approximately equal numbers and were housed some miles apart.
Before beginning the experiment an examination was made of
each person and the presence of cases of existing or recent
beri-beri was thereby excluded.

To one party white rice (No. 2 Siam) was issued as the staple
article of diet, and to the other party parboiled rice. In about
three months cases of beri-beri began to occur among the
members of the party on white rice. When a certain number of
cases had bsen noted white rice was discontinued and thereafter
no cases occurred. No sign of the disease appeared among the
control party on parboiled rice.

The conditions were then reversed. The party hitherto on
parboiled rice were given white rice and after a somewhat
longer interval than in the first instance, beri-beri broke out in
this group also. This outbreak ceased on discontinuing the issue

of white rice. Again no sign of the disease appeared among
2
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the control party on parboiled rice. By the transfer of individuals
suffering from beri-beri and of whole groups in which the disease
was occurring it was found possible to test the influence of place
considered as a nidus of infection and also to test the possibility
that the disease was communicabie from one individual to another.

The average daily ration was as follows :—

Rice e 2R ey bo3 grammes
Dried Salt Fish ... 4.25 ., 120 -
Onions ... i I 50 o
Potatoes L7s o 50 -
Coconut oil wnel BB 24 o
Coconut I.50 ,, 42 o
Tea i U T
Salt LS Rl e 2.8 5

In a recent publication Dr. H. Schaumann (g) has dealt with
the composition of this diet and quotes the results in support of
his view that the disease beri-beri is due to a diet defective in
substances having a high organically-combined phosphorus
content.

As Dr. Schaumann has assigned values to the various food-
stuffs comprising this diet which differ from those given by us it
would appear that he had not before him a copy of the publication
in which these were furnished, nameiy No. 10 of this series
published in 190g9. Also as the authorship of the paper published
in “The Lancet" (1909 No. 4459 page 451) 1s wrongly quoted
throughout the text it may be assumed that Dr. Schaumann had
not an opportunity of consulting it in the original. In these
circumstances we venture to direct attention to some errors into
which we believe Dr. Schaumann has fallen.

The analyses upon which our calculations were based were
carriad out with the actual foodstuffs employed, and were not
taken upon the authority of a text book on dietetics. We feel
called upon to make this explanation as a protest against the use
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of analyses of foodstuffs given in text books, however eminent the
authority, for the calculation of the relative values of diets. As
we shall hope to show later, fundamental differences may exist in
the nutritive value of various combinations of foodstuffs which
are not revealed by the ordinary methods of analysis and there
are factors in the composition of food which are of much more
complex nature than its protein, fat and carbohydrate content or
its calorific value,

Observations have shown that beri-beri is definitely asso-
ciated with the continuous consumption of a diet of which white
rice Js the staple and must be due either to a poison contained in
white rice or to a deficiency in such a diet of some element of high
physiological value. If the latter, then accuracy is imperative
and can only be attained by analysis of the actual foodstuffs eaten
by those among whom the disease occurred. So far as we are
aware such an opportunity has only been afforded by our planned
observations extending over twelve months and which are now
under discussion.

The various articles composing the diet issued were submitted
to analysis in this Institute by Mr. B. J. Eaton.

The average of a considerable number of analyses was as
follows :—

Moisture. Protein. Fat. Carbohydrate. Ash.
% % % % %
White rice ... o LT eBE 7.45 0.17  78.02 0.5T
Parboiled rice S 7.8 0.53 76.92 0.72
Dried salt fish S AT 35.4 2.96 13.24
Onions .. 80.44 o 0.28 11.28 0.5
Potatoes ... s 65T 1.8 0.2 31.66 1.04
Cogennt ... * ... 453 3.95 34.6 5.2 0.95

Based on these analyses the diet issued to those on white rice
as the staple was calculated to consist of :—

Protein. Fats. Carbohydrate. Salts.
g1.45 grammes 43.70 grammes 499.16 grammes 23.06 grammes.
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The diet issued to those on parboiled rice was calculated to
consist of :—

Protein. Fats. Carbohydrate. Salts.
93.50 grammes 45.88 grammes 4g92.54 grammes 24.33 grammes.

Dealing with this diet Dr. Schaumann, on page 79 of his
monograph, gives a table which shows, assuming white rice to
contain 7.8 9, Protein, that the diet received by those on white rice
contained Io03.7 grammes of Protein, whereas calculated from
the analyses of the actual foodstuffs supplied this diet contained
01.45 grammes of Protein. Again on page 81, assuming par-
boiled rice to contain g.05 % Protein he states that the diet of those
on parboiled rice contained 111 grammes of Protein or 7.3
grammes more than that contained in the white rice diet whereas
the fact is that the parboiled rice diet contained 93.56 grammes of
Protein or 2.1 grammes more than that contained in the white
rice diet.

Again on page 339 Dr. Schaumann compares the diet of those
on parboiled rice with that of those on white rice. The analysis of
the foodstuffs there given differ materially from the analysis of the
actual foodstuffs issued. By his calculations Dr. Schaumann
now shows that those consuming the parboiled rice diet receive less
protein than those consuming the white rice diet, as he here takes
it that parboiled rice contains less Protein than white rice (6.38 9
Protein for parboiled rice and 7.03 9 Protein for white rice) which
is not in accord with the statement made previously by him.

On page 363, Table XII, Dr. Schaumann gives the compo-
sition of the various foodstuffs in respect of Protein, Fat,
Carbohydrate, Fibre, Total Ash and Phosphorus Pentoxide, these
he takes as the basis for his final calculations.

It is possible that a parboiled rice may be found which yields
2.08 9 of fat and 3.57 9% of ash but among the numerous specimens
examined in this Institute we have not met with such a rice.
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Whatever methods of analysis are employed it may well be
that the defect of nutrition, which we regard as the cause of beri-
beri, will escape observation but certainly it appears that when
the actual foodstuffs issued in a diet are not the subject of
analysis, the results are not likely to help materially towards a
solution of the problem of beri-beri causation.. The valuable
work which Dr. Schaumann has accomplished in this domain of
research would in our opinion have been greatly enhanced in
value had the opportunity been available to him of studying the
actual dietary conditions under which beri-beri arises.

It is generally accepted that the dietary requirements per
kilogramme of body weight are Protein 2 grammes, Fat 1.5
grammes, Carbohydrate 6 grammes, Salt 0.5 gramme. The
average body weight of the people under our observation was

100 lbs. nearly—the diet should therefore contain—
Protein. Fat. Carbohydrate. Salt.
go grammes 68 grammes 272 grammes 20 grammes

Comparison of this calculated standard diet with the diets
consumed by the persons under observation will show that the
issued diets cannot be regarded as deficient save in respect of fats.
This latter deficiency is however more than compensated for by
the excess of carbohydrates. With a sufficiency of protein in a
diet, fats and carbohydrates are to a great extent interchangeable
and the inhabitants of warm countries habitually consume less fat
and more carbohydrate than do the inhabitants of cold countries.

It will be noted that the analyses of these foodstuffs did not
include an estimation of the relative proportions of the inorganic
salts composing the ash, nor did they take account of the manner
of combination organic or inorganic, in which these substances
originally existed in the rice grain. This matter will be referred
to in some detail at a later stage of this report.

The conclusions arrived at as a result of this inquiry were
stated as follows :(—

1. In the course of a systematic inquiry especially

undertaken to test the position of white rice as a causative
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agent in beri-beri it was observed that twenty cases of this
disease occurred among two hundred and twenty people c¢n
white rice who were continuously present in the various
parties during the course of the outbreaks. In the parties
on parboeiled rice during the same periods and under similar
conditions, among two hundred and seventy-three people no
sign of the disease appeared.

2. Since all cases presenting doubtful signs of the
disease were excluded we are of opinion that there were
many other cases which in the ordinary routine of clinical
practice would have been regarded as beri-beri. Such cases
only occurred among people who consumed white rice and
their inclusion would not strengthen the case for an infectious
origin of the disease.

3. No case of beri-ben occurred in any person who had
been on white rice for less than eighty-seven days.

4. Systematic examinations were made of the blood
and urine of patients suffering from beri-beri. Various
methods of examination were employed but in no case were
organisms found other than those well-known as the causative
agents of other diseases.

5. In the course of the inquiry patients in various
stages of beri-beri were in contact with parties of men on
parboiled rice. The results of observations made on such
occasions furnished evidence that the disease is not a
communicable one.

6. Removal of patients from the place where they had
contracted the beri-beri did not influence the progress of
the disease and the removal of entire parties from the place
where the disease had occurred did not influence the progress
of an outbreak so long as they continued on white rice.
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These observations suggest that place per se or considered as
a nidus of infection has no influence upon the development
of beri-beri.

7. In three instances in which definite outbreaks of
beri-beri occurred among parties of men on white rice,
substitution of parboiled rice was followed by cessation of
the outbreak.

8. The occurrence of beri-beri cannot be attributed to
deficiency in the diet issued in respect of either protein,
fat, carbohydrate or salts as estimated by the methods in
COMINON use.

9. No evidence was obtained to show that any article
of the diet other than white rice was responsible for the
occurrence of beri-beri.

"10. Ankylostomes and other nematode worms were
not found in a larger proportion of patients suflering from
beri-beri than in the general population under observation.

11. The general results support the view that the
disease beri-beri as it occurs in the Malay Peninsula has
an intimate relationship with the consumption of white rice
and further research along these lines is justified.

On the 26th of April 1gog, Dr. ]J. D. Gimlette reported to the
Senior Medical Officer, Selangor that a number of Malays recently
enlisted into the Police Force and then stationed at the depoér
Kuala Lumpur had reported themselves sick. On examination
Dr. Gimlette had found that they were suffering from beri-beri.
He adds ¢ The occurrence is of interest because it has been
possible to recognise the disease in an early stage. The majority
of those attacked are newcomers who have recently fallen ill
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while their rice (No. 2 Siam) has, [ understand, only recently been
supplied through a new sub-contractor. The patients are all
Malays with one exception, a Javanese.”

The rice was changed from white polished rice to parboiied
rice on April 27th, and on June 2nd, Dr. Gimlette reported that
the occurrence of the disease had ceased and that no deaths had
occurred among those suffering from beri-ber.

Throughout the course of the inquiry at Durien Tipus
samples of the white rice issued were collected daily and
forwarded to the Institute.

Through the courtesy of Dr. Gimlette and Dr. Freer, Senior
Medical Officer Selangor, we were enabled to obtain a bag of the
white rice which was in use at the depdt at the time of the
outbreak of beri-beri.

S0 far as the laboratory aspect of the question was concerned
therefore an abundant supply of the rices which actually caused
these outbreaks of beri-beri was secured. In connexion with the
plan of work which we had formed we regard this circumstance as
of the first importance. It could have led to no real advance in
knowledge if analyses of a series of rices from various sources had
been carried out without regard to their connexion with outbreaks
of beri-beri. Hawving first shown that the consumption of a certain
white rice was the cause of an outbreak of beri-beri we were in a
position to proceed further and by analysis of and experiments with
that rice to seek for the explanation of this relationship. The
continuity of work thereby, established we believe to be one of the
principal merits of the observations here recorded.
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Rice.
General.
The cultivation of rice has existed from ancient times. Itis
a cereal indigenous to certain areas in both hemispheres but its
culture now extends over wide areas in tropical and subtropical
countries possessing an assured and heavy rainfall; also with the
aid of irrigation, cultivation has been extended to areas not
possessed of a sufficient rainfall.

The operation of these factors has produced many species and
varieties of rice so that their number is now very great. We are
not in a position to treat this subject in a comprehensive way and
must of necessity confine our remarks to the countries and their
rices which have come under our immediate observation.

In the Straits Settlements and Federated Malay States a
limited amount of rice is grown. The guantity is quite inadequate
to supply the demand of a country which is rapidly and extensively
being opened up and therefore supplies have to be imported from

the great producing countries more especially Siam, Burma and
French Indo-China.

Rice is derived from the fruit, botanically a caryopsis, of
plants belonging to the genus Oryza.

The product as it reaches this country is in the form of
unhusked fruit, the partially husked fruit, or the finished pro-
duct rice.

The imported unhusked or partially husked grain is con-
verted into rice in the mills of Penang and Singapore. So far
as can be ascertained the principal reason for the importation of
the unfinished product is in order that parboiled rice may be
prepared locally and sold at a lower price than the parboiled
rice imported from India. The local mills are of course
adapted to the production of ordinary white rice and the question
as to which variety of rice a mill shall produce is answered by
the demand.

3
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The indigenous natives (Malays) in the country districts
grow the grain in quantities sufficient for their own requirements
and from it prepare the rice by primitive methods of pounding and

winnowing.

The oriental immigrants, natives of lndia, China and Java,
come to this country either as workers on mines or on estates and
therefore have not the opportunities for growing the rice they
require. The immigrant Indians are for the most part recruited
from the south of India and prefer parboiled rice, which must be
cheap. It is to meet this demand that the large rice mills of
Penang, Singapore and Perak have been called into existence.
'he natives of China and java prefer a rice which has not been
parboiled and for their requirements the grain is husked and
polished by macninery. The product i1s commercially known
as Rangoon, Siam or as we prefer to call it here white rice. *

The kinds or forms of rice used in this country may
therefore for purposes of this account be grouped under three
divisions Parboiled rice, Native or Malay rice and white rice.

Parboiled Rice.

As prepared in the large power-mills the grain is soaked in

water for 24—48 hours, the water is then run off and the grain
1s transferred to cylinders which are lightly covered and steam
is passed through the contents for five or ten minutes. The
grain is thereafter transferred to open paved courts and dried.
in the sun. The husk is now more readily detached than in
the untreated grain but the contents of the grain have been
rendered tough and semi-translucent,

In the milling of this parboiled grain the husk is removed
and the rice is subjected to a limited amount of pearling or
polishing in a machine provided with stone facings. By ne
process can such rice be made to appear white, consequently
polishing is as a rule employed merely to complete the removal
of fragments of husk and most of the pericarp.
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Parboiled rice is also prepared on a less pretentious scale in
small mills not provided with steam plant. - The product is similar
to that produced in the larger mills but in view of the insanitary
conditions prevailing in many of these places, numbers of them
have been compuisorily closed.

Parboiled rice prepared in this manner has a peculiar disagree-
able penetrating odour caused by the preliminary soaking in cold
water; by soaking the grain in hot water in place of cold water
and for a shorter pzriod, the occurrence of this disagreeable odour
can be prevented.

Other manufacturers have sought to improve their product by
subjecting the grain to more extensive polishing or pearling; as
will be shown later this may be attended with dangerous results
to those who consume such a highly-polished parboiled rice as
the staple of their diet.

According to Hooper (10) rice in Bengal 1s treated before
husking by three methods—

(1) Hot water is sprinkled over the padi.
(2) The padi is soaked in cold water for 24 hours.

(3) The padi is first soaked in water and afterwards it
1s boiled.

In each case the padi is thereafter dried in the sun or by
other means. When the grains are sufficiently dry they are

husked in a pestle and mortar.

Watt (11) states that © In India a large part of the rice sold in
shops and exported to Europe as an article of food has been
prepared by being first half boiled then dried in the sun and
finally husked by the ordinary pestle and mortar. Such rice is
in trade termed * parboiled.” Husking without beiling is a very
tedious process when done by hand.”

According to the same authoriiy, in India proper power mills
for the preparation of rice are very few in number. In 1904 there
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ware in all India 127 rice mills with 17,814 employees and of this
number 114 mills with 17,016 employees were located in Burma.

Parboiled rice prepared in India has no objectionable odour.
[tis imported into this country to a limited extent for consumption
by the more affluent natives of India.

The objectionable odour possessed by the locally prepared
parbailed rice has hitherto militated against the more widespread
use of this kind of rice by others than natives of India and if
the consumption of parboiled rice is to be encouraged such
improvements in the process are required as will produce a rice
similar to the parboiled product of India, '

White rice.

In the milling of white rice in large power mills the
padi is first deprived of the husk. This is done by passing it
into a machine called the * huller” which consists of two iron
discs faced with a cement of which emery i1s one of the
ingredients. The padi enters in a stream at the centre and is
driven by cesntrifugal action between the discs to the periphery.
By this means the husk is cracked. The mixed rice and husk
are now passed over the winnowing fans which blow away the
husk.

The grain still covered with its brown, yellowish or other
coloured pericarp now passes to a machine in which the
whitening process takes place. This machine consists of a
conical drum revolving at a high velocity; the drum is faced
with emery cement and is surrounded by a casing lined with
steel wirecloth. In the more modern mills the space between
the cone and the wirecloth through which the rice passes can
be altered by vertical adjustment of the spindle so that the
necessary amount of attrition of the rice is secured and the
desired amount of milling attained. In this process the fruit
wall or pericarp, the layers subjacent to it (the subpericarpal
layers) as well as the embryo are removed.
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The whitened grain now passes to the polisher which consists
of a revolving conical drum covered with strips of sheepskin,
the whole being surrounded by a casing lined with wire-cloth.
The polishing is accomplished by the rice passing down between
the sheepskins and wirecloth.

In the milling and polishing machines the rice meal or
“ polishings” passes through the wire-cloth casings and 1is
collected. Rice polishings are commonly used as a foodstuff
for cattle and pigs. We are informed that the natives in the
neighbourhood of the rice mills in Burma consume rice meal
in the form of gruel.

White rice is graded commercially as Rangoon and Siam,
also in accordance with the unbroken condition of the grains as
No. 1 quality, or the grain mixed with broken grains as
No. 2 guality and so on. Siam rice of the best quality is a
long slender grain, almost white and free from dust. Rangoon
rice of the best quality is a shorter and more plump grain,
white and free from dust.

We should be glad if it could be made clear that in using
these trade terms we do so merely as a convenience and with no
intention to suggest that the padi produced in Indo-China or Siam
is inferior to that produced elsewhere. Misapprehension has
arisen in commercial circles as to the significance of these
researches and the matter has even been the subject of corres-
pondence between the various Governments. At the local Agri-
Horticultural Exhibitions Padi Siam and Padi Rangoon grown
locally are exhibited among a host of others. A certain type
of grain in commerce has come to be associated with these names
and in our use of the terms we do not mean to suggest that they
necessarily indicate the country of origin of the rices used in our
experiments. With the important questions of the nutritive
values of different kinds of padi and the influence thereon of soil,
climate, and methods of cultivation we have not concerned
ourselves,



Malay or Native rice.

This is prepared from the grain grown by the Malays and
the preparation of the rice is almost invariably carried out by the
womsn who prepare it in quantities sufficient for the immediate
wants of the household. The grain is sun-dried and transferred
in suitable quantities to a wooden mortar fitted with a long
wooden pestle. The grain is pounded until the husks are
detached and these are removed by winnowing. By repeated
pounding and winnowing the husk is entirely removed as well
as the pericarp for the most part and the subjacent layers only
to a limited extent by attrition and bruising.

The finished product is yellowish and is an admixture of

broken and unbroken grains.

By repzated pounding and careful hand-picking it is possible
to obtain a tairly white rice free from unbroken grains. but the
labour entailed is considerable and the natives are usually quite
satisfied with a rice from which the entire husk and the most

of the pericarp have been removed.

Histology.

In order to compare the different kinds of rice as to their
histological characters and in order to examine rices from
beri-beri outbreaks for the presence of organisms, it was
necessary to obtain entire sections of the grain of sufficient

thinness.

The following process was devised and found to yield suitable
sections.

The grains are softened for a month or thereabouts in a
mucilage composed of :—

Gum acacia wisa ib-phas

Solution of Carbolic Acid (1-20) ST




( 23 )

The softened grains are freed from excess of mucilage and
imbedded in celloidin. The imbedded grains are placed in alcohol
(ho%f) and after a few days are ready for cutting.

Sections were examined for moulds and for this purpose
were stained by the following method :—

1. The sections were stained in anilin-gentian violet
solution for from five to ten minutes.

2. The sections were freed from excess of stain and
treated with Gram's i1odine-sglution for one minute.

3. The sections were freed from excess of 1odine-solution
and washed in absolute alcohol so long as stain continued
o come away.

4. The sections were then treated with anilin oil for
five minutes, After which the excess of o0il was removed
and the sections mounted in Canada balsam.

Plates I, II, and III are drawn from actual specimens and
reproduce the colouration taken up by the various tissues by
this method.

MNumerous sections from various kinds of rice were
examined in this way. In none of them were moulds or fungi
recognised but the msthod produced excellent differentiation
of the fissues and it was easily possible to understand and
appreciate the histological differences between padi, parboiled
rice, white rice and Malay rice.

A transverse section of a rice grain from which the paleae
(husk) have been removed shows three zones (Plate I):—

1. The outer thin pericarp.

2. The layers subjacent to the pericarp, or subperi-
carpal layers, composed of cells filled with aleurone and
fat and comparatively free from starch grains.
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3. The remainder of the section, constituting the
major part of the section and gomposed of cells filled
with starch grains.

If sections of rice grain be treated with any of the ordinary
stains for fat such as Osmic Acid, Sudan 111, it will be seen
that fat is practically confined to the second zone or subpericarpal
layers; a few scattered oil globules may be recognized in the
central or starch zone.

Section of a polished rice grain (Plate II) show that the
pericarp and most of the subpericarpal layers have been re-
moved. There is usually but a remnant of the fat containing
layer and at times not even that remains, the section consisting
almost entirely of the starch-containing cells.

Section of parboiled rice (Plate 11I) which has not been
subjected to excessive pearling or polishing show the pericarp
mostly removed but the subpericarpal layers practically

unaffected.

Sections of Malay rice present an appearance similar to
that presented by section of the grain free from husk but the
pericarp is removed to a degree the extent of which depends
on the amount of pounding and attrition to which the grains
have been subjected.

. henical.

In view of the accumulated mass of evidence which shows
that the continuous consumption of rice from which the sub-
pericarpal layers have been removed by polishing causes beri-
beri and in view of the histological differences demonstrated
batween polished and unpolished rices, the suggestion presented
itself that by the removal of the subpericarpal layers the grain
15 deprived of some important nutritive substance or substances.
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Analyses were made of the various kinds of rice and for
comparison the average results of these analyses are given here:—

Protein. Fat. Carbohydrate. Ash. Moisture.

% % % % %
Unpolished rice ... qg.0 1.65 75.52 1.08 12.75
Polished rice kaepr 2 Ay 0.25 77.23 0.52 14.3
Parboiled rice e 9B 0.50 76.88 0.82 14.0
Malay rice A 0.63 77.19 0.88 14.0

The average daily ration of an oriental labourer contains
1.3 lbs. of rice.

Dealing first with the differences in respect of proteins,
that between parboiled and polished rices is small and within
the limits of experimental error but admitting the difference
to be a real one and assuming all the protein in rice to be
available for purposes of nutrition, a person receiving parboiled
rice. would consume g grains more protein than one receiving
polished rice and a person receiving Malay rice would consume 36
grains less than the one on polished rice, An explanation on
this basis would therefore not be in accordance with the effects
produced.

The amount of fat ingested in a ration of 1.3 lbs. of rice
would be 45.5 grains in the case of parboiled rice, 22.75 grains
1n the case of polished rice and 57.25 grains in the case of Malay
rice, differences which are appreciable and in accordance with
the histological findings but which do not appear to furnish an
adequate explanation if the fats be regarded merely as the esters
of fatty acids.

The differences in respect of carbohydrates is small, parboiled
rice contains more sugar than polished rice or Malay rice
but it did not appear that these differences would furnish an
explanation.

The ash furnishes a most imperfect idea of the salts contained
in rice, all the organic salts being reduced to carbonates but there
4
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is apparently a very constant difference in the amount of ash
which is lower in the case of polished rice than in unpolished,
parboiled or Malay rices. A person receiving parboiled rice
would consume material yielding 74.6 grains of ash and a person
receiving polished rice would consume material yielding 47.3
grains of ash. The difference of 27.3 grains is by no means
inconsiderable more especially when it is remembered that small
amounts of certain inorganic and organic salts have a great
importance in the economy.

As we were not in a position to separate out the various
salts occurring 1n rice and it seemed possible then that even if
we did accomplish this the results might be unsatisfactory, it
was decided to carry out investigations with a view to determining
whether a poison or poisons existed in polished rices known to
have been associated with outbreaks of beri-beri.

As has been already stated the white and the parboiled rices
milled in this country have a common origin in respect of the
grain from which they are prepared, therefore any deleterious
substance or substances present in the white rice must have
developed after polishing and have resulted from the action
either of enzymes or of micro-orgamisms, failure to find these
latter notwithstanding.

It has bzen suggested that the removal of the pericarp
and subjacent layers deprives the grain of protective structures
and facilitates the action of micro-organisms.

Rice is washed before cooking and the cocking involves
exposure to a temperature of 212°F or thereabouts for some time,
therefore the ingestion of living organisms with the rice may
reasonably be excluded; their activity is confined to the interval
which  elapses between the milling and the cooking of the
rice and the deleterious substance or substances produced by
them must be capable of withstanding prolonged exposzure
to moist heat.
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It might be suggested such harmful substances would be
removed in the preliminary washing but the extent to which
this washing is carried out varies greatly and, not infrequently,
it is done in a prefunctory manner.

In the initial experiments for the isolation of a poison the
white rice was macerated, or boiled and macerated, in water
acidulated with a small quantity of Acetic Acid but on account
of the rapidity with which moulds developed in the mixture
and the dificulty of separating the fluid after maceration these
experiments were discontinued.

In the next series of experiments alcohol acidulated with
Acatic Acid was employed. The alcoholic extracts were con-
centrated in vacue and finally freed from alcohol by exposure
in evaporating basins to a moderate heat. The extracts were
then examined and treated in every way possible for the
isolation of poisons but although numerous examinations and
experiments were made a poison or poisons Were never
isolated. The failure to obtain a positive result did not exclude
a poison but when it is remembered that a large number of
methods were employed it is suggestive that further work along
these lines was unlikely to be profitable. We had already
noted nutritive differences in the rices which in the light of our
then knowledge we did not consider adequate to furnish the
explanation sought for but failure to find a satisfactory result
on a poison hypothesis caused us to turn our attention to further
experiments on the nutritive hypothesis,

Failing chemical methods there remained anumal experi-
mentation and it was anticipated that by feeding wvarious
animals on rice and rice products, information of value might
be obtained.



{ 20 )

Feeding Experiments on Animals.

[t was designed in the first instance to carry out
experiments with anthrepoids which we considered were more
likely to yield information of value than .experiments with
animals lower in the zoological scale. Though anthropoids of
several species are comparatively common in this country it was
not without considerable difhculty that we were enabled to
secure a sufficient number of them to make the experiment.
Finally six were obtained. These were confined in separate
caces and received cooked white rice and water. The results
were unsatisfactory, as shortly after the beginning of the experi-
ment several of the animals refused to eat the rice and all of
them died of dysentery.

Six monkevs were fed in a similar manner. All of them
became wvery much emaciated and five died after three months
apparently of inamition. No degenerative changes were found

in the nerves.

These experiments having therefore ended in failure recourse
was had to experimentation with fowls, which previous
observers had shown to be readily susceptible to a form of
polyneuritis following the ingestion of certain foodstuffs.

Eijkman {12) was the first to observe among fowls kept at the
Government laboratory at Weltevreden, Java, spontaneous
polyneuritis characterised by degeneration of peripheral nerves
and atrophy of the ganglion cells in the anterior cornua of the
spinal cord., This condition he attributed to feeding with
cooked rice. Experimentally he could produce the disease with
dacorticated, cooked, and raw rice but could prevent it by the
addition of the fine inner capsules of the rice grain, the
so-called silver layer (Zilvervliesjes) and could also cure it in
the same way. By the administration of different forms of
pure starch a similar disease was produced, potato starch was
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the only one that proved to be harmless. Eijkman was of
opinion that a toxic substance in rice and the other varieties
of starch, developed in the crops of the fowls.

He adds that his investigations show that an apparently
physiologically perfect diet can produce severe disease conditions
and lead to death.

Eijkman repeated his experiments in Holland and found that
the changes in the peripheral nerves were the most important
features found on post-mortem examination. They concerned
the sensory as well as the motor fibres. They involve bundles
of the nerve trunks and present the picture of a nop-inflammatory
atrophic degeneration such as is seen when a nerve is cut off
from its trophic centre. Certain changes in the posterior nerve
roots also occur, these likewise show the characters of
degeneration and atrophy. The muscles innervated by the
affected nerves when treated with osmic acid show a large
number of fine fat globules. Feeding with decorticated rice,
raw or cooked, and immaterial of the origin or quality of the
padi, produced the disease in three or four weeks.

In later investizations Eijkman fed fowls with ground rice
and water rolled into balls, and the animals developed
polyneuritis. Also in fowls which died after 34 months fed
on husked barley he found many degenerated fibres in the
sciatic nerve. If the fowls were fed on unhusked rice that
had been heated in a steriliser at 115° or 125°C for two hours
the animals developed polyneuritis, after 23 days in the case
of rice heated to 115°C and after 21 days in the case of rice
heated to 125°C. Simple boiling did not destroy the protective
value of unhusked rice. Sterilised barley as well as rye and
millet acted in the same way as rice.

Grijns (13) continuing the work of Eijkman found that by
adding a certain quantity of Katjang idju (Phaseclus radiatus)
to a diet of pseled rice the onset of polyneuritis in fowls was
prevented,
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Hulshoff Pol (14) pursuing the line of research suggested by
the experiments of Grijns has shown that Katjang idju has pro-
phylactic and remedial properties in beri-beri. He has further
shown that a decoction from a moderately large quantity of
Katjang idju possesses the same prohylactic and curative pro-
perties as the Katjang idju itself. Dr. Pol considers that an
acid (“X " acid) separated from the decoction is the active
principle but owing to difhculties in the way of the preparation
of this substance no experiments have yet been made with it.

Kiewit de Jonge (15) has also tested the value of Katjang
idju as a prophylactic and therapeutic remedy in beri-beri. He
carried out an admirably planned and extensive investigation
in the Lunatic Asylum at Buitenzorg and fully confirms the
work of Grijns and Pol. The very valuable work of the Dutch
School will be referred to later in conjunction with the results
that have emerged from our own work.

In view of the results already attained by the Dutch phy-
sicians 1t was considered probable fowls would serve our
purposes and a preliminary experiment was made by feeding
fowls on white rice which was known to have been associated
with an outbreak of beri-beri. A control zgroup was fed on
parboiled rice.

The fowls were confined in separate cages and were in all
respects under identical conditions. The manner of arrangement
of the cages is shown in Fig. 1. The cages which were open at
the bottom rested on a hard layer of clay the surface of which
was covered with sand, and though the possibility of the fowls
obtaining such things as worms and the like was not excluded,
the conditions were more natural than if the cages had rested
on a wooden or concrete floor.

In addition to rice which was supplied twice daily at 10
am., and 3 p.m. a small tin filled with water was placed in
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each compartment. The original weight of each fow] was noted
and thereafter they were weighed once weekly at 12 noon.

A record of each experiment is given in the Tables which
follow. The weights of the fowls in each successive week are
furnished. The time of development of polyneuritis is indicated
and whenever possible the analysis of the actual product supplied
in the experiment is noted at the foot of the table,

In the group of fowls on white rice (Experiment No. 1) the
first sign of disease was noted in fowl No. 1 on the 26th day
of the experiment. In the morning it was observed that there
was weakness of the leg muscles and consequent uncertainty of
gait. The appearance of the fowl on this day is shown in Fig, 1
instead of standing wupright it reclined on its side in the
manner shown. When stimulated it would move about in an
uncertain way. Examination of the blood failed to reveal the
presence of any parasite or other abnormality.

Two days later the paralysis had advanced very considerably.
It was quite unable to walk and the wing muscles were also
involved so that these drooped. The diet was now changed to
parboiled rice and padi but it was unable to eat and on the
gth day of the illness the fowl died. On post-mortem exami-
nation no macroscopic change was noted, there was no effusion
into the serous cavities and no marked dilatation of the heart.
The principal nerves of the legs and wings were preserved and
on subsequent examination shewed characteristic Wallerian
degeneration.

To test the possibility of the disease being a communicable
one and unconnected with the diet, a fowl (No. 1 of the
parboiled rice group) was transferred to the cage occupied by
the fowl suffering from polyneuritis on the sth day of the
disease. This fowl was continued on parboiled rice as hereto-
fore and remained healthy at the conclusion of the experiment
five weeks later.
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Fowl No. 4 developed the disease on the 28th day of the
experiment. At 10 a.m. it was noticed to be unsteady but
was able to walk about. Two hours later paralysis had
extended greatly and the fowl rolled about in the cage in an
endeavour to recover the upright position. The head was
markedly retracted and when extended immediately returned to
this position. The wings were drooping. An attempt was
made to feed the fowl with padi but it was unable to eat owing
apparently to the spasm of the neck muscles. On the following
day the animal died.

This type of case, which was of the convulsive form of
polyneuritis of fowls, was not infrequently observed throughout
the experiments. It was less common however than the type
in which simple paralysis was the principal feature.

On the day of onset of the disease a fowl was transferred
from the parboiled rice group and placed in the cage to test the
possibility of infection. The result in this as in numerous
subsequent tests entirely negatived the possibility of the disease
being communicable by contact or through intermediate hosts

as ticks or lice.

Within eight weeks, eight of the twelve fowls had developed
polyneuritis. Though the experiment was continued for four
weeks longer, the other four fowls remained healthy.

The group of fowls on parboiled rice (Experiment No. 2)
originally numbered eight. This number was afterwards increased
as fowls from this group were transferred to cages occupied by
fowls suffering from polyneuritis. In all twelve fowls were
under observation for periods varyving from fve weeks to
thirteen wecks. At the conclusion of the experiment all remained
healthy. The weights of the fowls in grammes at various
stages of the experiment are shown in Table No. 2.

4
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It was thus shown that fowls were sensitive to diflerences
between these two kinds of rice and the occurrence of poly-
neuritis furnished a reaction which has proved of the utmost
value.

In this as in subsequent experiments every possible efiort
was made to transmit the disease to the fowls of the control
groups but with uniformly negative results.

The previous researches had shown conclusively that white
rice was either the wvehicle by which the agent producing
beri-beri was introduced into the body or that white rice was
d=ficient in some substance or substances essential for metabolism.
Parboiled rice neither conveyed this disease producing agent
nor was it deficient in the substance or substances essential for
metabolism. :

By following up the results of these initial experiments on
fowls we though: that it might bz possible to determine the
factors of importance in the etiology of beri-beri. In the case
of poisons it should be possibie to remove them from white
rice and render it innocuous; if it were a deficiency it should
be possible to supplement that deficiency either by the addition
of the substances removed in the process of polishing or by the
addition of substances extracted from parboiled or unpolished
rice.
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The Poison Hypothesis.

The chemical experiments referred to on page 27 had not
been successfui in isolating a poison recognizable by chemical
means and the inoculation experiments performed on guinea-pigs,
rabbits and monkeys with wvarious substances isolated from
white rice yielded no satisfactory result.

The disease which occurs among fowls fed on white rice
provided a means of carrying out further experiments on the
poison hypothesis. The existence of a poison or poisons in
white rice had not at this time been definitely excluded and
the further possibility remained that the harmful substance
or substances could not be detected by any of the chemical
reactions employed. Experiments were therefore undertaken
with prolucts extracted from white rices. In the first of these
(Experiment No. 3} white rice obtained from the supplies issued
during the inquiry at Durien Tipus was used. The rice was
treated in the following manner :—

1. 1.5 kilogrammes of finely ground rice was macerated
for four days in 1.5 litres of g4% alcohol.

2. The mass was then transferred to a percolator and
percolated with the alcohol in which it had been macerated.

3. The mass was further percolated with o.5 litre of
a4% alcohol. This operation was repeated three times.

4. After percolation was complete the rice was removed,
freed from alcohol by expression, and dried in the sun,

Five fowls were fed on the exhausted rice and three
developed polyneuritis within five weeks.

It appeared therefore that percolation with cold alcohol
had failed to dissolve out the hypothetical poison.
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In the second experiment (Experiment No. 4) rice from the
sames source was extracted with hot alcohol in the following

manner :—

1. .5 kilogrammes of coarsely ground rice had poured
over it 1.5 litres boiling g49% alcohol. It was allowed to
macerate for several days.

2. The mass was then transferred to an apparatus
for extraction with hot alcohol. This was an enlarged
form of Soxhlet apparatus made of copper. The rice was
treated in this apparatus by extraction with alcohol for 12

hours.

3. 300 c.c. alcohol were added on two occasions, the
further extraction being continued for 8 hours.

4. The alcohol was expressed and the rice dried in
the sun.

Four fowls were fed on the exhausted rice and two
developed polyneuritis. Percolation with hot alcohol! had also
failed to dissolve out the hypothetical poison.

The bulk of the extracts from the rices had been employed
in the chemical experiments but a quantity of the extract
prepared by means of hot alcohol remained. This alcoholic
extract had most of the alcohol removed from it by distillation
in vacwo and was finally freed from alcohol by exposure in
shallow basins at a low temperature. The alcohol-free extract
was emulsified in distilled water and two fowls (Experiment No. 5)
fed on parboiled rice received in addition daily an emulsion of
the extract representing that obtained from 100 grammes of
white rice. The experiment was continued for 51 days. Both
fowls gained in weight and showed no signs of any disease.

These experiments showed that no alcohol soluble poison
was contained in white rice.
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In order to control the results of experiments with products
obtained by extracting white rices with alcohel, parboiled rices
were treated by precisely similar methods to those already
described.

In the first of these experiments (Experiment No. 6) the
product employed was obtained by treating parboiled rice with
hot alcohol in an extraction apparatus of copper., the copper
Soxhlet apparatus already described.

This proved to be an unsatisfactory method for the extraction
of parboiled rice and the extraction apparatus shown in the
fizure was thereafter employed. The bottom of the thistle-head
was covered with muslin, the ground rice and alcohol were
heated for the requisite period, then by compression of the tube
bhetween the flask and the condenser it was attempted to force
the fluid over the syphon®which once filled would remove the
menstruum completely. In practice, this was most troublescme
and dangerous but by substituting a filter flask connected with
a water-pump the difficulty was overcome and the subsequent

extractions of rices were carried out with ease.

The technique employed in the extraction of rice by this

method was as follows :(—

1. One kilogramme of rice was ground to a coarse
powder and placed in a cylindrical jar.  One litre of hot
alcohol was poured over the rice and the mixture stirred
daily for several days.

2. The mixture was transferred to a flask of 2250 cc.
capacity and connected up with the extraction apparatus.

3. After heating for one hour the liquid was aspirated
off.

4. Half a litre of alcohol was added to the partially
exhausted rice, the mixture heated as before and the liquid
aspirated off. This process was repeated four times.
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The exhausted rice was freed from alcohol by exposure to
the sun.

The alcoholic extracts by whichever apparatus obtained,
contained a quantity of insoluble matter, due to the coarseness
of the method by which separation of the menstruum from the
marc was effected. No attempt was made to separate the
soluble and insoluble substances from these extracts by further
filtration, and it is possible that the presence of insoluble
substances in the liquid may explain the equivocal results
obtained in the extraction of parboiled rice with 4% alcohol.

In Experiment No. 6 parboiled rice which had been ground
and afterwards exhausted several times with hot g49% alecohol
was used. It was anticipated that by this method such substances
as lecithin and a portion of other fats would be removed from it.
Four fowls only were employed for the experiment. In the
fifth week one of them, No. 3, developed a condition indistin-
guishable clinically from other cases of polyneuritis in fowls fed
on white polished rice.

This result indicated that some protective substance ordin-
arily present in parboiled rice had been removed by treatment
with hot g4% alcohol and further experiments were undertaken
to test the value of this suggestion.

In the experiments next to be described alcohol of g4%
strength was employed. For the products employed in Experi-
ments Nos. 7 and 8 an apparatus similar to that illustrated by
the figure was employed. Here, however, a positive pressure
generated by the boiling fluids within the flask was employed
for withdrawing the liquid. The compact character of the rice
mass made it difficult to secure more than very coarse filtration
of the solution. Of twelve fowls fed on the exhausted rice in
Experiment No. 7 two developed polyneuritis within five weeks
and two more in the sixth week., Fowls fed on white rice to
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which was added the extract from 83 grammes of unpolished
parboiled rice daily (Experiment No. 8) all remained healthy.

It was concluded from these experiments that the protective
substances were soluble in hot alcohol of g4% strength.

A further experimsnt, No, 9, was carried out with unpolished
parboiled rice extracted with g4 % alcohol in the apparatus illus-
trated. One fowl died in the seventh week. No cases of
polyneuritis occurred.

[In the control experiment, No. 10, in which the extracted
substances were added to a white rice diet, all the fowls remained
healthy.

These latter results can only be explained by assuming that
the essential substances were only partially extracted from the
unpolished parboiled rice.

The next experiment, No. 11, was one in which parboiled
rice from the same sample as used in Experiment No. 6 was
treated with cold alcohol of g4% strength by maceration and
percolation. At first five fowls only were employed in this group
but as cases of polyneuritis occurred in fowls fed on white rice
treated by identical methods, fowls were transferred to the latter
group and continued on the same food to test the possibility of
conveying infection. To replace these, fowls were added and
in the course of the experiment eight fowls in all were under
observation.

From an examination of the chart it will appear that while
soms= of the fowls lost weight the general result was a gain in
weight and all remained healthy at the conclusion of the
experiment.

It would appear that cold g4% alcohol is not an effective
solvent of the protective substances.
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In Experiments No. 12 and 13 unpolished parboiled rice was
extracted with alcohol of proof spirit strength in the apparatus
figured. The extracts freed from alcohol in the manner already
described were used in these experiments.

In Experiment No. 12 twelve fowls were fed on the
exhausted rice; three developed polyneuritis within five weeks.
In the corresponding experiment, No. 13, in which the alcohol-
free extract obtained from 6o grammes of unpolished parboiled
rice was added daily to the diet of twelve fowls on white
polished rice, all the fowls remained healthy for five weeks.

This result shows that the essential protective substances
are also soluble in alcohol of proof spirit strength.

In the foregoing series of experiments, which were of a
tentative nature, no evidence was obtained that white (polished)
rice ever contained a beri-beri producing agent. The results
taken in conjunction with the histological findings suggested
that by the removal of the subpericarpal layers of the grain in
the process of milling, the grain is deprived of some substance
or substances of high physiological value.

In subsequent experiments this conclusion was abundantly
confirmed. In giving a detailed record of these experiments
therefore, these are arranged in accordance with the conclusions
ultimately arrived at and not in chronological order., It is
hoped that in this way the position will be made clearer.




Experiments with various White Rices.

Experiments were carried out with white polished rices
from various sources. These may properly be grouped in a
single series. :

In the first experiment of the series 'Experiment No. 14)
the white polished rice used in the inquiry at Durian Tipus
was employed. Of the four fowls used for the experiment three
developed polyneuritis within four weeks.

The second experiment of the series (Experiment No. 15)
wis one designed to test the effect of feeding fowls on a white
polished rice while at the same time another group {Experiment
No. 25) was fed on the original partially husked padi from
which this white rice had been prepared, and yet another
(Experiment No. 32) on the white polished rice to which the
substances removed in the polishing process had been added.
In the group under review, those to which white rice alene was
given, one fowl (No. 8) died on the third week without signs of
polyneuritis—six others developed polyneuritis within five weeks.

The third experiment of the series (Experiment No. 16) was
carried out to test whether, as alleged by Braddon, rice that
had become staie on account of changes occurring in it in the
interval between milling and consumption was more harmful
in its influence than freshly milled rice. An assistant was
stationed in Singapore who forwarded to the laboratory daily
by the most expeditious route a quantity of white polished rice
milled on the day of despatch. Of twelve fowls fed on this
rice five developed typical polyneuritis within four weeks, a
result similar to that in experiments in which white polished
rice varying in age from a few months to two years was
employed.




ITI. Towl fed on Siam Rice

Polyneunritis. Mild ense. Eighth day of disease.






IV. Fowl fed on Siam Rice.
Polyneuritis. Mild ease. Fifth day of disease.
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Wallerian degeneration.
Teased preparation from Sciatic nerve of fowl suffering from Polyneuritis.
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Experiments Nos. 17 and 18 were carried out with
white polished rice of the best quality (No. 1 Siam) purchased
locally. In one of them nine fowls out of twelve developed
polyneuritis within nine weeks, seven cases occurring before the
end of the fifth week. In the other, eleven cases among twelve
fowls occurred within five weeks. It appeared in these
experiments that certain fowls were more resistant than others
to the injurious influence of white rice. The reason for this was
not ascertained though the observation was made that such
fowls were commonly the younger members of the group, while
those who succumbed most quickly were the full grown fowls
who consumed a large quantity of rice. It was also noted that
after two or three weeks fowls on white rice usually showed a
disinclination to eat.

These observations which are similar to those made when
human beings were under observation appear to us to be
irreconcilable with the idea of simple deprivation of proteins,
fats or carbohydrates being the final explanation of the
occurrence of the disease.

Experiment No. 19 was carried out with a white polished
rice as a control to other experiments in which this same
sample was employed as the principal article of diet, various
materials being added to it. Experiment No. 20 was carried
out for a similar purpose.

In every case of polyneuritis Wallerian degeneration
(Photo) was demonstrated microscopically in the affected
nerves. The changes are apparently identical in every way
with those found in the peripheral nerves in beri-beri. An
extensive investigation of all the materials obtained is now
being carried out by Dr. Fletcher.

Rangoon Rice.

There is evidence that the variety of white polished rice
known as Rapgoon rice is less harmful than Siam rice. Braddon
)
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quotes examples in support of this view and instances have
fallen under our own obgervation.

In Experiment No. 21 Rangoon rice was employed. Fowls
No. 10 and No. 12 died in the 5th and 4th week respectively
but there was no clinical or pathological evidence that they
suffered from polyneuritis. Both had a form of purulent con-
junctivitis.

No. 4 (Fig. 5) was a typical case of polyneuritis in the
sth week and no other case occurred until the 15th week when
Nos. 7 and 8 suffered from it. All three cases resulted fatally
and the diagnosis was confirmed post-mortem.

Such evidence as is furnished by this single experiment
confirms the experience of those who assert the comparative
harmlessness of Rangoon rice.

The explanation of this observation is a matter for further
inquiry. Whether the padi grown in Burmah is richer in pro-
tective substances and therefore can afford to lose in the polishing
process a greater quantity of them without harmful result or
whether there is some important difference in the milling process
it is impossible yet to say. Irom histological examination of
the grains we incline to the former view.
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Within five weeks two of the fowls composing this group had
died and two others were killed when their condition was such
that it was apparent they would die within a few hours. None
had showed any clinical signs of polyneuritis and careful
examination of the nerves showed no characteristic degeneration
changes.

A third experiment, No. 24, was carried cut with a similar
result.

It was concluded that polyneuritis of fowls is not due to
general deprivation of food but to deprivation of some particular
element in a diet of white polished rice.

In order to test further the correciness of this conclusion
Dr. Fletcher carried out an experiment in which two groups of
fowls were fed on white rice (Experiment No. 23).

To the first group (Fowls Nos. 1—6) in the following table
30 grammes of white rice was supplied twice daily in the
ordinary way. To the second group Nos. 7—i12, 30 grammes
of white rice was passzd into the crop twice daily.

The result showed that there was no difference between
the two groups as to their liability to develop polyneuritis.
Polyneuritis therefore cannot be due to simple deprivation
of food.

An interesting observation made by Dr. Fletcher in
connexion with this experiment was that when a fowl which
was being forcibly fed suffered from the disease the normal
digestive powers were markedly interfered with and the crop
remained constantly distended with rice. If now a small
quantity of polishings was passed into the crop the accumulated
rice seemed to be dissolved and normal digestive power was
speedily regained.
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Experiment with Unpolished Rices.

During the course of the experiments it was observed that
fowls always remained in heaith on padi and fowls suffering
from polyneuritis almost invariably recovered when given padi.
The present experiment was one in which a partially husked
rice known commercially as “cargo rice” was employed—about
half the grains are denuded of husk. This experiment was
carried out as a preliminary to certain experiments in which
this same product, after milling in various ways, was employed
These latter experiments will be referred to later.

In the experiment now under review, Experiment No. 26,
twelve fowls were fed on partially husked rice for six weeks
and all remained in good health at the conclusion of the
experiment.

Other experiments in which padi and unpolished rices
were employed are detailed elsewhere—all these experiments
confirmed the observation that fowls remained in health when
fed on rice which still retained its subpericarpal layers.

Experiments with Parbotled Rice.

Experiments with parboiled rice were carried out simul-
taneovsly with and for longer periods than experiments with
white polished rice, as controls for the results obtained in the
latter groups.

The experiment first described, No. 27, was one undertaken
at the beginning of the series. In it five fowls only were
employed. All maintained health and weight during fifteen
weeks, cooked unpolished parboiled rice only being supplied
throughout. It was thus shown that, in the conditions under
which our experiments were carried out, a diet of parboiled rice
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and water was sufficient to maintain fowls in health and weight
over prolonged periods and this result repeatedly obtained was
regarded as an adequate control to results obtained in shorter
periods, five weeks or less.

In Experiment No. 28 that form of parboiled rice known
as “muthu samba”™ which is prepared in India was employed.
It is an expensive variety and is eaten only by the more
wealthy members of the Indian community. Many fowls in
this group showed a moderate gain in weight at the end of
six weeks, a few showed a slight loss, all remained healthy
throughout.

The next experiment of this series, No. 2¢g, was used as a
control to the results obtained in another group of fowls fed en
on the same sample of rice after exhaustion with proof spirit
(in the latter group four cases of polyneuritis occurred within
six weeks). In the experiment now under discussion, which
was continued for ten weeks, though most of the fowls lost
materially in weight and one died in the gth week, none showed
recognisable signs of polyneuritis.

In Experiment No. 3o parboiled rice in a finely ground
state was used as a control to the results in groups in which
a similar product after exhaustion with alcohol was employed.

[t is apparent from an analysis of the results in this series
of experiments that marked differences exist in the nutritive
value of different samples of parboiled rice. These differences
are due to two factors, the initial richness of the grain and the
extent to which the polishing process has been carried out. It
does not appear that the method of treatment by parboiling
before husking operates in any way other than to harden the
external layers of the grain rendering them less easy of
removal.
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Experiments with Malay Rice.

It is conceded by all those whose knowledge of this
country and of its people enable them to speak with authority
upon the point that among Malays under primitive conditions
beri-beri is very rare.

Braddon states that ‘““among these natives so long as they
lead their primitive pastoral and agricultural life untouched by
the influzncas which march with a civilization represented by
encroaching hordes of Chinese beri-beri never occurs.”

Hamilton Wright (16) says ** My own experience of Malay
Kampongs (Malay villages) is that beri-beri is almost unknown
in them. The farther the Malay population is removed from
centres of civilization the less beri-beri is seen in it.”

Daniels (17) says ““ Malays living in Kampongs are the
only class that do not suffer from beri-beri.”

An account has already been given of the Malay method
of preparing rice.

The first experiment in this series (Experiment No. 31)
was one in which a rice prepared from a locally grown padi was
employed. This was obtained from the Kuala Pilah district
through the kindness of the District Officer, Mr. Eric Dickson,
and Dr. Lucy.

A Malay woman prepared rice from this padi after the
manner and with the primitive implements used by Malays
in their own villages.

As will be seen from the table, of the twelve fowls employed
for this experiment all remained healthy with the exception of
No. 12 which on the 42nd day of the experiment developed
polyneuritis. The attack ran the usual course and on emulsion
of rice polishings and padi the fowl recovered completely in
6 weeks.

&
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In the second experiment in this series (Experiment
No. 32) which was one of a group of experiments to which
particular attention will be directed later Malay rice was
prepared from a partially husked padi imported from Indo-China.

The method of preparation of this rice was similar to that
employed in Experiment No. 31.

As the supply of this product was limited only eight fowls
were employed for this experiment and it lasted only five
weeks. All the fowls remained normal throughout this period.

The occurrence of a case of polyneuritis in a fowl fed on
¢ Malay " rice calls for some comment. Itis the single instance
throughout these experiments in which hundreds of fowls bhave
been employed, in which polyneuritis developed in a fowl on a
diet other than white polished rice. The clinical appearances
were in all respects identical with those of other cases of
polyneuritis and we do not assign to the case an origin gther
than dietary. It appears that even the limited amount of
polishing to which Malay rice is subjected in its preparation
may on occasion be harmful.
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Experiments with Polishings.

As it now appeared that the harmfulness of a rice diet
varied directly as the extent to which the rice had been milled,
it was destermined to test this hypothesis further by adding to
a white polished rice, which when given alone had been shown
to be harmful, a quantity of polishings equal in amount to
that which had been milled away. The miller estimates that
from 40 parts of padi there are produced 25 parts of rice and 5
parts of polishings; 16% of the husked grain is thus lost in
polishing. An actual weighing of some thousands of grains of
unpolished and polished rice from the same lot of padi showed
that the loss was about 10%. 1

In the first experimznt of this series, Experiment No. 33,
the white polished rice selected was the same sample as that
employed in Experiment No. 15, and which when fed alone
had resulted in six cases of polyneuritis among twelve fowls
in five weeks.

The rice polishings were from the same sample. They
ware sifted in order to remove husks and broksn rice and
given in the form of an emulsion with distilled water.

During the first and second weeks of the experiment an
amount of emulsion equal to 10 grammes of polishings was
given daily for a fowl eating 6o grammes of rice.

During the jrd week 8 grammes of polishings were given
daily, during the 4th and 5th weeks 6 grammes, during the 6th
week 4 grammes and during the 7th week 3 grammes were
given,

Up to the jth week all the fowls gained slightly in weight.
In the 7th week there was a moderate loss amounting to 2.6
grammes per kilogramme of body weight.
7
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In the 7th week there was a moderate loss 2.6 grammes
per kilo. It was concluded therefore that the amount of
polishings necessary to add to 6o grammes of this sample of
white polished rice to maintain the normal nutritive equilibrium
was between 3 and 4 grammes, say 3.5 grammes. This amount
being added there was in the eighth week a slight gain in
weight in the whole group.

It was considered desirable to repeat this result with a
rice from a beri-beri outbreak. An experiment was therefore
planned in which eight fowls were fed on the Durian Tipus
rice, each alternate fowl receiving in addition an amount of
polishings equal to 3.5 grammes per kilo of body weight.

The result is as shown by the Experiment No. 34. In four
weeks two of the fowls fed on rice alone had developed
polyneuritis and all four had lost weight while the four fowls
which were given polishings in addition remained healthy and
at the conclusion of the experiment all had gained in weight.

The conclusion was now arrived at that certain essential
substances are lacking in the case of white polished rice and
that the addition of rice polishings to a diet of white polished
rice prevents the occurrence of polyneuritis in fowls.
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The Phosphorous Content of Rice as an
indicator of the extent to which rice
has been polished.

Having proved that the occurence of polyneuritis in fowls
and of beri-beri in man is due to the consumption of rice from
which the subpericarpal layers have been removed by the
process of polishing, that such rice is equally harmful whether
freshly prepared or stored for months, the development in it
of a poison is excluded and it is necessary to revert to the
consideration of the results obtained from analyses of rices.

In the tables the results of these analyses are given both
for the undried and dried materials. The table showing the
results calculated on the dried materials facilitates comparison.

Comparing the diet unpolished rice with that of polished rice
it will be seen that there are considerable differences. A diet of
polished rice made up ,with polishings to the necessary amount for
the maintenance of weight and health approximates in com-
position to one of unpolished rice, and it might therefore be
inferred that the deficiency of white rice in respect of proteins,
fats, and salts was accountable for its harmful results. The
protein content of polished rice differs only by a slight amount
from that of two parboiled rices which were proved harmless
and allowing for experimental errors the differences are apparently
insufficient to account for the results. In respect of fat the
polished rice is poorer but the difference is a small one
and, as has been previously stated, can hardly account for the
difference in the results. The ash gives a very imperfect
representation of the salts present but there is a considerable
difference in the amount of ash present in the unpolished and
polished rices yet even the amount present in the latter rice
exceeds that obtained from one of the parboiled rices,
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Now in the case of parboiled rice extracted with hot aleohol
(94%) the amount of fat removed is relatively great but of
proteins and ash relatively small and in the case of parboiled
rice extracted with proof spirit similar results are observed.

The proteins were invariably estimated by the Kjeldahl
process and allowing for the possibilities of experimental errcr
it must be admitted that the differences in respect of proteins
as determined by this method will not explain the results.

The question of the carbohydrates cannot seriously be
considered as these were calculated by difference.

These methods of analysis failed in every way to explain
the results and it was necessary to employ other methods. It
was suggested to one of us by Dr. Mott that the deficiency of
white rice in lipoids might be of importance and various atte-
mpts were made to determine the amount of these present in
rices but the process was a tedious one and the results not
satisfactory. It was decided therefore to estimate the Phos-
phorus Pentoxide content of the various rices,

EstiMaTioN or PHosrHorus Pentoxipe (P,0;)

Two methods were employed for the conversion of the
phosphorus to inorganic combinations.

By the first process—

1. A weighed quantity of the material was burned in
a platinum basin and the complete combustion of the
organic matter was facilitated by sprinkling pure Potassium
Nitrate over the ash.

2. The residue was treated with 10 c.c. of strong
Hydrochloric Acid and evaporated to dryness over a water
bath.

R P
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3. The residue was heated with 5 c.c. strong Hydro-
chloric Acid and 50 c.c. of distilled water for five minutes.

4. Filtered and the filter-paper washed with hot water

till the washings ceased to give a precipitate with Silver
Nitrate and Nitric Acid.

5. The combined filtrate and washings were evaporated
to about so c.cm.

By the second process—

1. A weighed quantity of the material was placed in a
Kjeldahl flask and heated with concentrated Sulphuric Acid
and Potassium Hydrogen Sulphate until the fluid became
colourless.

2. The fluid was diluted with water and filtered. The
filter-paper was washed with water until the washings ceased
to give a precipitate with Barium Chlonde.

3. The combined filtrate and washings were evaporated
to about 50 c.cm.

4. The concentrated filtrate and washings obtained
either by the first process or the second process were
neutralized with Ammonium Hydrate and a drop or two of
Nitric Acid added to clear.

5. To the solution 10 grammes of Ammonium Nitrate
were added, the solution warmed to about 40°C and excess
of Molybdic solution added.

6. The mixture was kept in a warm place overnight
and in the morning filtered. The precipitate was washed
with a cold solution of Ammonium Nitrate (5%).

7. The Phospho-molybdate precipitate was dissolved
in hot water and Ammoniam Hydrate, it was so arranged
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that the filtrate and washings measured 100 c.c. or there-
abouts.

8. The solution of Phospho-molybdate was neutralized
with Hydrochloric Acid and excess of Magnesia Mixture
added. After half an hour 30 c.c. of Ammonium Hydrate
(10%) were added.

9. The mixture was allowed to stand overnight. In the
morning it was filtered and the precipitate washed with
Ammonium Hydrate (2.5%) till free from chloride.

10. The precipitate was dried, ignited and the residue
of Magnesium Pyrophosphate (Mg, P,07) weighed. From
this weight the amount of Phosphorus Pentoxide was
calculated by the use of the factor 0.6394.

By whichever method the conversion of the phosphorous
into inorganic combination is effected the results obtained are
the same and it is entirely a matter of individual choice which
shall be selected.

The gravimetric process was employed in preference to the
volumetric because of its greater accuracy and now that the
facts have been determined there is no reason why the
volumetric process should not be employed.

Nearly two hundred estimations have been made and
the results were invariably recorded on the undried material.
The percentage of moisture in various kinds of rice does not
vary greatly, being usually from 13—14% or thereabouts, and it
was found that the percentage calculated on the dried material
did not yield any information other than that obtained from that
calculated on the undried material.

Polished white rice of the kind commercially known as Siam
rice yields on an average 0.26% of Phosphorus Pentoxide and
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is the variety usually associated with severe outbreaks of beri-beri,
Schaumann gives an analysis of a rice yielding only o©.1%
Phosphorous Pentoxide. This is lower than any result obtained
here.

Polished white rice of the kind commercially known as
Rangoon rice yields on an average o0.328% of Phosphorus
Pentoxide and the incidence of beri-beri is less on this kind of
rice than the former.

Malay rice yields on an average 0.38% of Phosphorus
Pentoxide and the incidence of beri-beri is still less on this kind
of rice.

Parboiled rice yields on an average o0.4159% or over of
FPhosphorus Pentoxide and beri-beri does not occur when this
kind of rice is eaten.

Unpolished rice yields on an average o0.54% of Phosphorus
Pentoxide and can never produce beri-beri.

The great increase in the consumption of parboiled rice
has induced the local millers to improve the appearance of their
product and this result some of them have sought to achieve
by polishing or as it is technically called ‘pearling.” Attention
has previously been directed to the difficulty of accomplishing
this on account of the toughening of the grain by soaking and
-steaming but by the use of stone polishers it is possible to
remove a considerable amount of the subpericarpal layers with
consequent diminution of the Phosphorus Pentoxide content.
We recently examined such a rice which only yielded o0.34% of
Phosphorus Pentoxide (see Experiment 30).

Another sample of parboiled rice after hulling was examined
and yielded 0.6% of Phosphorus Pentoxide. After pearling once
it yielded 0.5% and after pearling twice it yielded 0.4%.
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An unpolished rice yielding 0.569% of Phosphorus Pentoxide
was polished in the ordinary way and the polished or white
rice yielded only o0.26%.

AvEraGE REsuULTs oF ALL EsTIMATIONS.

Percentage of

I}i DE
Polished rice (Siam) 0.26
Polished rice (Rangoon) ... 0.328
Malay rice .38
Parboiled rice 0.415
Unpolished rice 0.54

Fowls fed on polished rice and receiving polishings in
sufficient amount are receiving a dietary which approximates
in its content of Phosphorus Pentoxide to a diet of unpolished
rice. The harmfulness of rice is therefore in inverse proportion
to its Phosphorus Pentoxide content and in direct proportion to

the extent to which 1t has been polished.

None of the rices connected with outbreaks of beri-beri
yielded more than 0.26% of Phosphorous Pentoxide. The rices
substituted for these and which were effective in preventing the
continuance of the outbreaks yielded not less than o0.4% of that

substance.

Attention should be directed to the percentage of the
Phosphorus Pentoxide in parbeiled rice after extraction with
g4% alcohol, the diminution in amount is extremely small and
apparently negatives the vital importance of this substance.
In practice extracted rice would never be under consideration
and the value of this estunation as an indicator of the extent to
which rice has Dbeen polished has stood the test of numerous
experiments. ;

It will be contended that the estimation of any of the
other coastituents of rice would serve equally well for this
purpose. It has already been shown that the estimation of
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The results of numerous experiments had now made it
clear that the addition of rice polishings to a diet of white
polished rice prevented the harmful effects of such a diet. The
further researches consisted in an endeavour to determine the
nature of the substances in rice polishings which were respon-
sible for this result.

In order that the results in the various experiments of the
series should be comparable it was considered desirable that
the various rices and rice products employed should be derived
from the same lot of padi. Accordingly we obtained from a
rice mill in Singapore the materials desired:—

(1) A quantity of the rice as it passed from the huller
to the polishing machines. At this stage the grain is deprived
of the husk only (unpolished rice).

(2) A quantity of the rice after having passed through
the polishing machines (white polished rice}.

(3) A quantity of the rice polishings or rice meal
collected from the polishing machines.

A preliminary series of experiments was carried out to test
the value of these various foodstuffs when fed to fowls.

In Experiment No. 35 the uupolished rice was employed.
It was shown that this foodstuff in addition to which only
water was supplied sufficed to maintain fowls in good health
for many weeks.

In Expsriment No. 36 the white polished rice was employed.
Within three weeks six fowls out of a total of twelve fowls
included in the experiment suffered from polyneuritis.
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In Experiment No. 37 the white polished rice diet identical
with that in Experiment No. 36 was employed. In addition
each fowl received daily 5 grammes of sifted rice polishings
emulsified in water. All the fowls remained healthy.

This series of experiments confirmed results previously
obtained and showed that these materials were suitable for
employment in the further researches which it was proposed to
undertake.

As an instance of the practical application of these principles,
Dr. J. M. Atkinson, Principal Civil Medical Officer, Hongkong
permits us fo refer to some notes he has made in regard to
the medical history of the Victoria Gacl, Hongkong. At the
meeting of the Far Eastern Association of Tropical Medicine
at Manila in March 1gog we communicated the results of our
observations in regard to the causation of beri-beri and
advanced the view that the use of unpolished rice would be
found an effective preventive measure. Dr. Atkinson who was
the official representative of Hongkong at the meeting, on his
return to the Colony made inquiries as to the diets in the
various public institutions. He found that in the Victoria Gaol
which had been singularly free from beri-beri, unpolished rice
had been in use for many years. The average daily number
of prisoners in this Gaol is over 500, many of them being long
sentence prisoners.

The Chief Superintendent of Police reported the facts as
follows.

““ No case of beri-beri has originated in the jail in the last
fifteen years. Polished rice is not supplied to the prisoners and
never has been. They have always been given unpolished rice
as it is cheaper than polished rice.”

As beri-beri is one of the principal diseases afflicting the
native population of Hongkong this observation is of great
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The Effect of Exposure to High
Temperatures.

At this point the various methods of analysis suitable for
the recognition of the physiologically active substances were
reviewed. The methods hitherto employed for the recognition
of specific differences among the various rices and rice products
experimented with had always involved the exposure of these
substances to high temperatures.

Bearing in mind the results obtained by Grijns in his
experiments with kachang idju (Geneeskundig Tijdschrift voor
Nederlandsch Indie 1go1) and by Holst and Frohlich (18) with
various meats and vegetables, it was decided to test the effect
of exposure to high temperatures on the maternals with which
we were working.

The first substance experimented with was the rice polish-
ings. Quantities of polishings sufficient for six fowls for one
day were mixed with water in flasks and heated in the
autoclave for one hour at 120°C. In Experiment No. 38 a
group of fowls on a white polished rice diet were each given
daily a portion of the emulsion so prepared equivalent to five
grammes of polishings. No cases of polyneuritis appeared
among them in the five weeks during whnich the experiment
was in progress.

In the next experiment, No. 39, polishings heated for two
hours at 120°C were employed. One fowl died in the third
week of the experiment without showing the clinical signs of
polyneuritis or the characteristic nerve changes on post-mortem
gxamination,

This unexpected result caused us to initiate further experi-
ments to determine whether physical conditions apart from the
temperature were responsible for this result.
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In Experiment No. 40, padi which had been sterilized in a
small bag suspended in the wire basket of the autoclave for one
hour at 120°C was employed. One group of fowls Nos. 1 to 6
were fed on this and another group Nos. 7 to 12 were fed on the
untreated padi. [This experiment gave a result identical with
that of other observers.

In Experiment No. 41, unpolished rice was employed.
Nos. 1 to 4 were fed on unpolished rice untreated. Nos. 5to 8
were fed on unpolished rice sterilised in a porcelain basin in
the autoclave for one hour at 120°C. Nos. g to 12 were fed on
unpolished rice sterilised for two hours in the same way. The
results of these experiments showed that when sterilised in an
atmosphere of steam for one or two hours at 120°C the
physiological activity of the protective substances was destroyed.

In Experiment No. 42, padi immersed In water in a
porcelain basin and sterilised in a autoclave for one hour at
120°C was employed. The fowls remained healthy.

In Experiment No. 43 padi sterilised for onme hour at
120°C in a hot-air steriliser was employed. The fowls remained
healthy. :

In certain large institutions rice is cooked by steam under
pressure. Dy this method larger quantities are dealt with than
by cooking in open vessels and the cooking is presumably
more quickly carried out. An opportunity of making a
practical test of the relative merits of these two methods of
cooking we owe to the courtesy of Dr. Gray and Dr. Freer.

In Experiment No. 44 a group of fowls was fed on
parboiled rice cooked in the usual way in open vessels. All
the fowls remained healthy.

In Experiment No. 45 the same rice cooked by steam
under pressure as issued to the inmates of a large institution
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Experiments to Isolate the Protective Sub-
stances contained in Rice Polishings.

From this point researches were carried out for the isolation
of the substance or combination of substances in polishings
which were responsible for this result.

For the purpose of testing the value of the various mater-
ials fowls weighing 1200 grms. or thereabouts were employed.
IZach, as in previous experiments, was confined in a separate cage.
The fowls received rice twice daily at 10 a.m. and 3 p.m. and
when receiving polishings or materials prepared from polishings
the substance in question was given as an emulsion by means
of a stomach-tube half an hour after the rice had been given.

Every fowl was weighed once a week at 12 noon.

As the result of a series of obszervations it had been deter-
mined that fowls weighing from 1200 to 1400 grms. required
about 60 grms. of unpolished rice daily and, if fed on 6o grms.

of the polished rice used in thzse experiments they required
in addition 5 grms. of sifted polishings for the maintenance of |
weight and health. :

In a previous experiment where products derived from
different lots of padi were employed, 3.5 grms. of the polishings
were shown to be sufficient with the white rice then in use.
In the present experiment all the products employed unpolished
rice, polished rice, polishings, etc., were derived from the same
lot of padi.

For purposes of comparison the following results of analyses
are given:i—

Percent-
; Carbo- ;
Protein, Fats, hydrates. Ash. Moisture. ngfﬂf
Polishinge (:fted) ... T e 14-16 52.77F 754 11.83 4.1
Unpolizhed rice ... i S e 1.65 75.52 1.08 12.% .56
Polished rice - RS 5,22 0,25 .0 14.3% .26




R

When the composition of these articles is calculated on
dried materials the differences are rendered more striking and
accurate, and when in a similar manner the composition of a
diet made up of 6o grms. of polished rice and 5 grms. of
polishings is calculated it will be seen how closely such a diet
approximates to one of unpolished rice.

CALCULATED ox Driep MATERIALS.

Protein. Fars, Iljc-da:::‘;;. Ash: Pfg;;:fl
23
Polishings (sifted) ve ERE 1.6 fo.0 .5 465
Unpolished rice e 1.8g 8i6.58 1.23 .y
Polished rice ... i S | 0.25 Bg.05 0.7 0.3
Ration 6o grams. pnllshc:i rice plus § gFrams.
polishings contains per cent . HO 1.5 86.5 L% o.04

Sifted polishings were invariably employed because polish-
ings as received from the millers contain a considerable admix-
ture of husk and broken rice.

Polishings when fresh are neutral in reaction but on
keeping they become acid. This change does not impair their
efficiency however and polishings which have been stored with
ordinary care for months are quite as valuable as the fresh
materials. The ordinary process of cooking does not impair
the value of polishings. For these reasons it i1s considered that
the essential substance or substances are not unstable.

Experiments to determine the wvalue of Fat in
Polishings,
Fat in the rice-grain is mostly confined to the subpericarpal
layers. Unpolished rice is therefore richer in fat than polished
rice and polishings are very rich in fat,

To determine the value of this fat a quantity of sifted
polishings was packed in a percolator and percolated repeatedly
with Petroleum Ether. In this way the amount of fat in the
polishings was reduced from 14.16% to 0.6%. The fat-free
polishings were dried by exposure to the sun until free from
Petroleum Ether.
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Twelve fowls were fed on polished rice and received in
addition daily 4.5 grms. of fat-free polishings, being the approxi-
mate equivalent of 5 grms. of sifted polishings (Experiment
No. 46). The fowls remained healthy and maintained their
weight just as had been the case when fowls received polished
rice and sifted polishings. The non-importance of fat was
therefore decided and its exclusion from the number of possibi-
lities was of the utmost wvalue since the fat had hitherto
complicated our experiments.

Experiments with the Substances Soluble in 0°37%
Hydrochloric Acid.

Estimations of the percentage of Phosphorus Pentoxide in
rices had consistently shown their value as indicators of the
]iahi]it}r or otherwise of a given rice to produce polyneuritis.
Thus the higher the percentage of Phosphorus Pentoxide
contained in a rice the less liable was that rice to produce
polyneuritis when fed to fowls.

The unpolished rice employed contained o.56% Phosphorus
Pentoxide and did not cause polyneuritis. The polished rice
/., Phosphorus Pentoxide and invariably caused
polyneuritis, while washed rice containing o0.22°, Phosphorus
Pentoxide was more harmful than the unwashed polished rice.
This suggested the probability that the essential substance was

one containing Phosphorus,

contained o.26°

Now it was known that a large percentage of the Phosphorus
compounds present in rice polishings were soluble in 0.3%
Hydrochloric Acid.

An experiment was therefore carried out to determine if
when polishings were treated with o0.3°/, HC1, the physiologically
active substances were removed.

Polishings in quantities of 180 grms. being the amount
required by twelve fowls 1n three days, were mixed with
1000 cc. 0.3°, Hydrochloric Acid, stirred during the day and
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the following morning filtered through a Buchner’s filter. 100 cc.
of 0.3% Hydrochloric Acid were used to wash out the vessels.
When fluid could no longer be extracted from the mass it was
mixed with 6oo ec. of 0.3°/, Hydrochloric Acid stirred during
two hours and thereafter filtered as before.

The extracted polishings were mixed with distilled water,
nearly neutralized with Sodium Carbonate, and the volume
adjusted to 1o8o cc. 30 cc. of this emulsion contained 5 grms.
of polishings less the materials dissolved out by the acidulated
water.

The combined filtrates obtained from 180 grms. of polishings
were nearly neutralized with Sodium Carbonate and concentrated
at a low temperature to a volume of 1080 ce. 30 ce. of this
suspension contained the substances solved out by acidulated
water from 5 grms. of polishings.

Twelve fowls were obtained and fed on washed polished rice,
each receiving daily 30 cc. of the emulsion of extracted
polishings (Experiment No. 47). Cases of polyneuritis occurred.
This experiment was repeated (Experiment 48) with similar
results.

Twelve fowls were fed on washed polished rice each
receiving in addition 30 cc. of the suspension of dissolved
substances (Experiment No. 4g9). Cases of polyneuritis did
not occur.

When 100 grammes of polishings are extracted in the
manner described 26 grammes of solids pass into solution. In
this 26 per cent. therefore of the original polishings are contained
the physiologically active substances.

Experiments with Phytin.

It having thus been made clear that the substances of
physiological importance in polishings were removed unchanged
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by extracting with 0.3% HC1, the further research consisted in
division of this fraction by vanous methods.

Of the substances contained in rice polichings which are
soluble in 0.3% Hydrochloric Acid an important constituent is
the phosphorus compound Phytin. Dr. Hans Aren has claimed
that Phoytin 1s of value in preventing the onset of polyneuritis
in fowls fed on a white rice diet. The results of Dr. Arons
experiments with this compourd do not appear however to
Justify the claims that he has made for it.

Phytin was first izolated by Posternak from plant-seeds and
the structural fermula stated by him to represent phytic acid is

H

CH O P 0. (O H),

C H O P 0. (0 H),

N,

it
H

Phytin is stated to be the Calcium Magnesium salt of this
acid and assuming the four hydroxyl groups to be replaced by
one atom each of Calcium Magnesium, the salt would contain
8 059, of Magnesium and 13.4% of Calcium. .These are lesser
amounts than those recorded by Contardi who by actual analysis
found 8.97% of Magnesium and 13.8% of Calcium,

The quantity of Phytin in rice was estimated as follows.
A weighed quantity of rice was reduced to coarse powder shaken
with 0.3% Hydrochloric Acid and then filtered. The residue
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Phytin for experimental purposes was prepared by the
following method. Sifted polishings were mixed with ©.3 per
cent. Hydrochloric Acid in the proportion of 300 grms. of the
former to 2000 cc. of the latter, the mixture was stirred
throughout the day and on the following morning was filtered
through a Buchner's filter. The clear yellowish filtrate was
mixed with one and a half times its volume of g5 per cent.
Alcohol which produced a white precipitate of Phytin; the
mixture was allowed to stand for a few days. The precipitate
was collected washed with strong alcohol to free it from acid
and dried in a vacuum dessicator. A friable cake of Phytin was
obtained readily reducible to a white powder, soluble in water,
yielding an opalescent solution with an acid reaction and
giving on addition of Sodium Carbonate a white flocculent
precipitate.

As shown on page 74, 100 grammes of sifted polishings yield
an average of 8.47 grammes Phytin. Unpolished rice loses 169
of its weight on pelishing and on this basis the percentage of
Phytin in unpolished rice wouid be not less than o.845%. In
our experiments to test the value of Phytin it was assumed
that unpolished rice contained 1.07% of that substance and
thereby if an error did exist it was in favour of the Phytin.

The Phytin prepared by us contained 34.8% of Phosphorus
Pentoxide, whereas according to.the formula of Posternak it
should have contained 47.6% we proved the presence of Protein
in the Phytin and we considered that our preparation
contained 73% of the Calcium Magnesium salt of an acid
having the formula given by Posternak.

A fowl consuming 60 grms. of unpolished rice daily would
be receiving 0.64 grms. of Phytin. A fowl receiving the
same amount of washed polished and therefore Phytin-free rice
would require to have in addition that amount of Phytin daily
in order to bring the value of this diet in respect of Phytin up
to that of an unpolished rice diet.

PN W S
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Polishings in quantities of 180 grms. were extracted with
0.3”/, Hydrochloric acid in the manner described on page 68
and the combined fiitrates from each 180 grms. were mixed
with one and a half times their volume of g5% aleohel. The
precipitate was filtered off. A Jarge number of weighings of
this precipitate (Phytin) were made and it was found that an
average of 3.47 grammes of Phytin were obtained frcm 1co
grammes of sifted polishings.

The alcoholic filtrate was then nearly neutraiised with
Sodium Carbonate and evaporated at a low temperature until
free from alcohol. The residue was diluted with distilled water
to a volume of 108¢ cec., 30 cc. of this suspension contained
the almost Phytin-free soluble substances from 5 grms. of

polishings.
Two experiments were carried out with this solution.

In the hrst (Experiment 52} six fowls were fed on washed
polished rice, each receiving daily 30 cc. of this suspension.
All remained healthy.

In the second (No. 53) twelve fowls were employed with a
similar resuit.

That fraction of the substances originally soluble in 0.39%
HCI, which still remains in selutieon on the addition of aleohol,
the acid soluble, alcohol soluble part, have thus been shown to
contain the whole of the substances physiologically active, and an
attempt was made to further divide this fraction by alkalinising.

An experiment carried out with the precipitate, the acid soluble,
alcohol soluble, alkali precipitatable part, and another experiment
with the filtrate, the acid seluble, alcolol sciulie, alkali soluble part,
had the unexpecied result that the substances sought for were
found Lo be no longer physielogically active in either fraction.
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Experiments with the Proof Spirit Filtrate.

Following on the demonstration that the effective sub-
stances sought for were contained in the filtrate and therefore
soluble in alcohol of proof spirit strength, experiments were
undertaken with a view to isolating and testing the valye of
ths vicioas suhstances contained in that solution.

The solution was found to contain substances giving the
reactions characteristic of proteins. On incireasmg the alcoholic
strength of this liquid a precipitate was produced and it was hoped
that by sufficiently increasing the amount of alcohol the protein
would be precipitated.

By experiments in which the proof spirit filtrate was nearly
neutralised by means of Sodium Carbonate, freed from alcohol
by evaporation at a low temperature, and the alcohol-free
filtrate treated with varying quantities of g5% alcohol, it was
found that seven volumes of this alcohol produced a precipitate
which was not appreciably less than that produced when eight
volumes of g5°/, alcohol wereadded. The addition of seven volumes
of alcohol produced a mixture containing 85°/, of alcohol, with six
volumes it contained 71°%_, and with eight volumes the mixture
contained 83°, of alcohol. The increase of aleoholic strength
being therefore only 1°/, when eight volumes were employed in
place of seven volumes and the amount of precipitate not being
appreciably increased, it was decided to carry out an experiment
in which the alcohol-free filtrate was treated with seven times its
- volume of g59 alcohol. The following procedure was adopted.

The proof spirit filtrate obtained from 30 grammes of
polishings and measuring from 650—660 cc. was placed in a
glass evaporating basin and partially neutralized. In all previous
experiments the partial neutralization of this liquid had been
effected by means of a solution of Carbonate of Soda of unknown
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strength, but in order to secure consistency in this and all subse-
quent experiments a normal solution of Carbonate of Soda was
emploved. By experiment it was found that 13 cec. of this
solution were required for neutralization of the proof spirit
filtrate from 30 grammes of polishings; 10.5 ce. left the liquid
slightly acid and it was decided that this amount should be
added to each quantity of proof spirit filtrate evaporated. The
partially neutralized liquid was evaporated at a temperature of
60°C until free from alcohol.

To the alcohol-free liquid seven times its volume of gs5%
alcohol were added, the mixture stirred, allowed to stand for
two days and then filtered. The precipitate weighed on an
average 0.7 gramme and consisted partly of Phytin; it was freed
from alcoho! by exposure to the air and suspended in 180 cc. of
distilled water. This volume contained the substances in 3o
grammes of polishings soluble in 0.3% HCI, soluble in proof spirit

and insoluble in alcohol of 837 strength.

In Experiment No. 54 each of six fowls on white polished
24

rice received daily 1in addition 30 cc. of this suspension, cases

of polyneuritis occurred.

The 832, alcoholic filtrate was freed from alcohol by
evaporation at a temperature of 60°C and to the alcohol-free
residue distilled water was added to make the volume up to
180 cc. This volumez contained the substances 1n 30 grammes
of polishings soluble in 0.3% HCI, soluble in proof spirit and soluble
in 83% alcohol.

In Experiment No. 55 each of six fowls on white polished
rice received daily in addition 30 cc. of this solution and cases
of polyneuritis did not occur.

It was observed that when the 83% alcoholic filtrate stood a
few days a further slight precipitate occurred and in the next
experiment the alcohol free liquid mixed with seven volumes of
05% alcohol was allowed to stand ten days and then filtered.

.
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The precipitate and filtrate were treated as 1in the
preceding experiments.

In Experiment No. 56 each of six fowls on white polished
rice received in addition daily their proportion of the 839 alcohol
—insoluble substances and cases of polyneuritis cccurred.

In Experiment No. 57 each of six fowls on white polished
rice received in addition daily their proportion of the 83% alcohol
—soluble substances and cases of polyneuritis did not cccur.

It was thus proved that the protective substances were
soluble in 83% alcohol and were not inactivated by contact
with alcohol of that strength for a period of ten days.

In order that the strength of the alcoholic mixture might
be considerably increased and the volume of the mixture kept
within working limits absolute alcohol in place of g359% alcohol
was employed in the next series of experiments. The procedure
adopted was as follows:—

The proof spirit filtrate obtained from the o0.3% HCI
solution prepared from 30 grammes of polishings and measuring
from 650—660 cc. was placed in an evaporating basin, Io.5 cc.
of normal solution of Carbonate of Soda was added and the liquid
evaporated at a temperature of 60°C until the volume was
reduced to 50 cc. To this was added 6oo cc. of absolute
alcohol, the mixture stirred, allowed to stand for two days and
then filtered. By this method the mixture produced was one
containing g1°/, of Ethyl Alcohol.

The precipitate weighed on the average one gramme and
was therefore appreciably greater in amount than that obtained
from a mixture containing 83"/, of alcohol. It was freed from
alcohol by exposure to the air and suspended in 180 cc. of
distilled water. This volume contained the substances in
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30 grammes of polishings soluble in 0.3%, HCI, soluble in proof
spirit, and insoluble in g17/_ alcohol.

In Experiment No. 38 each of six fowls on white polished
rica rzczived in addition daily 30 cc. of this suspension and

cases of polyneuritis occurred.

. alcoholic filtrate was evaporated at a temperature
of 60°C until free of alcohol, the residue dissolved in distilled
water and the volume adjusted to 180 ce.  This volume contained

The g1°/,

the substanc2s in 30 grammes of polishings, soluble 1 ©.3%/,
HCIl, soluble in proof spirit, and soluble in 1% alcohol.
P parit, 945

In Experimznt No. 59 each of six fowls on white polished
rice received in adaition daily 30 cc. of this yellowish turbid fluid
and cases of polyneuritis did not occur.

It was thus shown that the protective substances are
soluble in g1, alcohol.
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Experiments with 91°, Alcohol Filtrate.

Experiments were undertaken with a view to the isolaticn
and testing of the various substances contained m the gi1%/,
alcoholic filtrate.

This filtrate was a clear yellowish liquid. In view of the
fact that the protective substance or substances are destroyed
by exposure to steam under pressure, it was considered probable
that the activity of the liquid was not due to the presence of
salts, but rather to the presence of some organic compound
or compounds.

When the filtrate i1s freed from alcohol and the residue
mixed with distilled water a yellowish turbid liquid is obtained.
This liquid on saturation with Ammonium Sulphate yields a
reddish brown precipitate which gives the wusual protein
reactions. Half saturation with Ammonium Sulphate produces
a slight precipitate. Saturation with Sodium Chloride produces
a precipitate and on filtration the filtrate saturated with
Ammomum Sulphate gives a further precipitate.

As many vegetable globulins are not precipitated until their
solutions are nearly saturated with Ammonium Sulphate it
cannot be inferred that the alcoholic filtrate contains both a
globulin and albumin.

Unpolished rice was tested and found to contain alcohol
soluble proteins while polished rice similarly tested was found to
contain none. It would appear therefore that Rosenheim and
Kajuira were in error in stating that rice did not contain
alcohol-soluble proteins. It seems probable that they did not
examine unhusked rice (padi) and unpolished rice not being an
article of commerce would of course not be available.
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The alcoholic filtrate freed from alcohol and the residue
solved in distilled water was tested with Fehling's Solution
and gave a precipitate of Cuprous Oxide. The solution was
heated with Phenylhydrazine Hydrochlorate and Sodium Acetate ;
crystals of Phenyl-glucosazone were obtained. Anether portion
of the liquid was saturated with Ammonium Sulphate and
filtered, the filtrate was heated with Phenylhydrazine Hydroe-
hlorate and Sodium Acetate and crystals of Phenyl-glucosazone
were obtained.

The g1/, aicoholic filtrate evaporated to dryness and the
residue dried in a dessicator was found to contain, after making
allowance for the Sodium Chloride formed on partial neutralization
with normal solution of Sodium Carbonate, total solids amounting
to 14.2 °/, of the sifted polishings. These solids form a brown,

sticky, hygroscopic residue.

Gravimetrically it was determined that 2.9 grammes of
glucose, and by the Kjeldahl process that 2.08 grammes of protein
are contained in this 14.2 grammes of total solids, The remaining
g.22 grammes was assumed to be salts.

It was sought to isolate and test the value of the alcohol
soluble proteins. TFor this purpose dialysis was tried but the
conditions here are unsuitable for dialysis, as even with the
addition of Thymol, a mass of moulds and bacteria develop in
a day or two both in the dialyser and the water. Unfortunately
we had not a porcelain filter suitable for attachment to the
water supply and eventually dialysis for the purpose of separating
the alcohol-soluble proteins had to be abandoned.

It was decided to employ Ammonium Sulphate for the
separation of these bodies and the following procedure was
adopted : —

The g1% alcoholic filtrate, representing the quantity obtained
from 30 grammes of polishings, was evaporated at 60°C till free
from alcohol; the residue was dissolved in distilled water and
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the volume adjusted to 100 cc. To this solution was added
72 grammes of Ammonium Sulphate being the amount found by
experiment to be necessary for saturation. ‘The mixture was
agitated until the salt was entirely dissolved, then filtered.

The reddish brown precipitate obtained was solved in dis-
tilled water and the volume adjusted to 180 cc. This volume
contained the substances in 30 grammes of polishings, soluble
in o0.3%, HCI, soluble in proof spirit, soluble in g1% alcohol
and precipitated by saturation of the latter solution freed from
alcohol with Ammonium Sulphate. The yellowish fluid obtained
was a solution of the alcohol-soluble proteins in a dilute
solution of Ammonium Sulphate. The fact that the proteins were
soluble in this fluid suggests that they were not denatured.

In experiment No. 6o each of six fowls on white polished rice
received in addition daily 30 cc. of this solution. [t was calculated
experimentally that each fowl received daily not more than o.5
gramme of Ammonium Sulphate. All the fowls lost weight and
one case of polyneuritis showing marked degenerative nerve-
changes occurred in the fourth week.

The filtrate, obtained after saturation of the protein con-
taining solution, was useless for feeding experiments because it
was saturated with Ammonium Sulphate. This filtrate after
standing a few days showed a deposit of crystals which on
examination were found to be Magnesium Sulphate.

This filtrate freed from proteins and assuming that it
contained only sugar and salts ought to be completely dialysable.

It was thought probable that this process might more readily
be carried out .on the protein-free fluid; but even in the case of
this fluid, after two days dialysis in running water, the outside
of the parchment paper was covered with a slime of micro-
organisms. The addition of Thymol to the contents of the
dialyser prevented growths occurring inside the dialyser but

Thymol in the water did not prevent the growth on the outside.
II
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Dialysis was only possible by the following procedure. The
protein-free filtrate was placed in the dialyser along with a
piece of Thymol; after two days dialysis in running water, the
fluid was heated on a water bath, the parchment paper renewed
and the fluid dialysed for another two days. It was heated
azain, the paper renewed and a further two days dialysis carried
out. It was then heated and dialysed into distilled water
changed daily for six days. The fluid remaining after dialysis
for twelve days was evaporated to dryness and a slight residue
of a yellowish colour was obtained.

The residue weighed 0.02 gramme, it was soluble in water,
and partly organic. It ammounted to not more than o.02% of
the solids contained in the fluid dialysed.

It was observed that the fowls fed on white rice plus the
alcohol-soluble proteins lost weight and it was considered
possible that part of these substances might have been lost
in the course of various manipulations to which the fluid had
been subjected. On account of the large quantities of absolute
alcohol required it was not possible to prepare the alcohol soluble
proteins in such quantities as to enable us to give each fowl
daily the amount obtained from 10 grammes of polishings. It
appeared simpler to employ the original proof spirit filtrate.
It may here bz remarked that the active substances are unchanged
by contact for months with proof spirit. In this experiment
the procedure adopted was as follows:—

The proof spirit filtrate in quantities representing the
materials from 30 grammes of polishings dissolved out by 0.39%
HCIl, soluble in proof spirit and measuring usually from
650—660 cc. was placed in glass evaporating basins. To each lot
10.5 cc. of normal solution of Carbonate of Soda was added and
evaporation carried out at 60°C.

The alcohol free fluid obtained from each lot was made up to
100 cc. with distilled water saturated with 72 grammes of
Ammonium Sulphate and filtered.
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The precipitate was dissolved in distilled water and the
volume adjusted to 180 cc. This contained the substances
in 30 grammes of polishings, dissolved out by o0.3°/, HCI,
soluble in proof spirit, and precipitated by Ammonium Sulphate.

In Experiment No. 61 each of six fowls on white policshed
rice received in addition daily 30 cc. of this solution. At the end
of one week all but one had lost weight and it was decided to
give them an additional 30 cc. daily, the second dose being given
half an hour after they had received the afternocon meal. Even
with this increassed amount the fowls continued to lose weight
and at the close of the fourth week one case of what appeared
to be polyneuritis occurred but examination of the nerves
failed to reveal the presence of degenerative changes.

The experiment was continued for 31 days and on the thirtieth
day another similar case occurred but again there were no degene-
rative changes in the nerves.

It must therefore be concluded that the alcohol-soluble
‘proteins are not by themselves sufficient to protect fowls fed
on white rice from the occurrence of polyneuritis. This
conclusion is based on the assumption that the alcohol-soluble
proteins were unchanged by the treatment to which they had been
subjected.

In previous experiments it has been shown that the protective
substances are extracted from parboiled rice by the use of hot
94°/, alcohol. It was thought possible that, as polishings are
in a much finer state of sub-division, agitation with g5°/, alcohol
might suffice to extract the protective substances and not the
protein but even by this process both protein and glucose were
extracted ; a similar result was obtained with dbsolute alcohol.
Experiments are now being undertaken to determine if the
protective substance or substances can be separated from the
Ammonium Sulphate filtrate or from polishings by the use of

other lvents, as for example Ethyl acetate,
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Conclusions.

1. The occurrence of Beri-beri in the Malay Peninsula has
an intimate relationship with the consumption of a diet of which
white polished rice forms the staple. Those who consume
unpolished rice or slightly polished (native or Malay, or parboiled]
rice do not suffer from the disease.

2. Fowls fed on white polished rice known to have been
associated with outbreaks of human beri-beri develop a form of
polyneuritis clearly analagous to Beri-beri in its clinical mani-
festations and pathological effects. Other white polished rices
produce a similar result. Fowls fed on unpolished rice remain
healthy.

These animals may therefore be employed to study the mode
of operation by which a diet of white polished rice results in Beri-
beri in man.

3. The estimation in terms of phosphorus pentoxide of the
total phosphorus content of a given rice may be used as an indicator
of the extent to which such a rice has been milled or polished and
therefore of its Beri-beri producing power when forming the staple
of a diet in man.

4. The harmful influence of white polished rice is not due to
the existence in it of a poison developed after milling. White
polished rice makes default in respect of some substance of
high physiological importance essential for the maintenance of
health.

5. Fowls fed on white polished rice constantly develop
polyneuritis in a period of three to four weeks.

6. If the meal or polishings removed from such white rice
in the process of milling be added to a diet of white polished rice,
fowls remain healthy.
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Substances essential for the maintenance of health are
therefore contaired in polishings.

7. Unpolished rice which has been submitted to sterilization
in the autoclave at a temperature 120°C for two hours will cause
polyneuritis when fed to fowls. The protective substances are
destroyed under these conditions.

Methods of analysis involving exposure to high temperatures
are therelore unsuitable for determining the nature of the
protective substances.

8. The fats contained in the peripheral layers of the grain
are of no value in protecting against polyneuritis.

g. The protective substances are soluble in 0.3% Hydro-
chloric Acid.

Phytin which comprises 32.5% of the substances so soluble is
without value as a protective.

10. The substances are not precipitated from solution in 0.3%
Hydrochleric Acid on the addition of g5°/, alcohel in such quantity
as to make the resulting mixture of proof spirit strength.

They are soluble in proof spirit containing approximately
0.12°, Hydrochicric Acid.

11. The protective substances are soluble in a slightly
acidulated solution containing g1% of alcohol and, exclusive of
glucose, amount to not more than 11.3°/, by weight of rice
polishings and not more than 1.13°/, of the original unpolished
rice grain. In this fraction are included prolamine (alcohol solukle

protein) and compounds of calcium, magnesium and phosphorus.

These researches, which comprise an unbroken sequence of
experiments beginning with rices associated with outbreaks of
human beri-beri, demonstrate that rice is rendered harmful by
the milling and polishing process to which it is subjected in
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the preparation of white polished rice. In this process there
is removed from the grain some substance of high physiological
importance in the metabolism, the absence of which results
in the production of polyneuritis in fowls and of beri-beri
in man when a diet is consumed of which white polished rice
is the staple. Whether these substances act by rendering other
elements in the diet available for nutrition or whether they are
themselves the nutritive material necessary for nerve tissues
can in our present state of knowledge only be matter for
conjecture. These substances, small in amount as compared
with the total of the diet, have been determined within certain
narrow limits but their exact chemical nature is still unknown.

There is no evidence that white rice contains a poison
generated after decortication by the action of moulds or other
organisms.

As measures for the prevention of beri-beri in this country
it is recommended that the use of unpolished or under-milled
rice be encouraged among those classes of the community in
which the disease occurs. The polishing process if carried out
at all should not extend beyond the removal of the outer skin or
pericarp. The parboiling of rice before milling, as recommended
by Dr. Braddon, serves the important purpose of so hardening
the outer layers of the grain that their removal is less easy and
over-milling is less likely to occur. The cooking of rice by
steam under pressure should be prohibited. As an indicator of
the extent to which rice has been milled we recommend to
chemists the use of the phosphorus pentoxide standard. In
the examination of a large number of rices, none were found
associated with human beri-beri or polyneuritis in fowls which
yielded a phosphorus pentoxide content of 0.4°/, or over, as
estimated on the undried material. The amount of moisture
varied only slightly and none of the rices were faced.
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FPLATE II

AL T E. Terei del Bale & Damielssan, '™ hih

CAE

TRANSVERSE SECTION WHITE' (POLISHED) RICE
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