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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE VITAMIN B, CONTENT OF FOODS IN
TERMS OF CRYSTALLINE THIAMIN'

By Leus E. Boousr, senior nuirition chemist, and Eva R, Bartzrer, jurior
chemist, Foode and Nulrition Division, Bureau of Home Econpmics
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INTRODUCTION

%

The vitamin B complex may be separated into vitemin B, (the anti-
neuritic or antiberiberi vitarmin} and the vitamio B, complex. In the
vitamin B, complex, ribofiavin, nicotinie acid, vitamin By, and panto-
thenic acid are clearly differentisted, both with regard to chemical
properfies and to specific physiological functions, Recent researches
indicate that other factors of the vitamin B cqunplex will be clearly
differentiated in the near future.

The letter with its subscript numersl in the term vitamin B, signi-
fies that this vitamin is cne belonging to the group of B vitemips and
=t the same time emphasizes that it is only one of the vitamins into
which the B complex has been resolved.

The complete chemicel structure of vitamin B, is now known.
Unlike any of the other kmown vitamins it contains sulfur. Becotise
of this unique chsracteristic, the name thiamin has been proposed aa
a substitute for the term vitamin B,. The American Sacietv of Bio-
logical Chemists, the American Institute of Nutrition, and the Com-
mittee on Nomenclature of the American Chemical Society have
tentatively approved the name thiamin. The council on pharmacy
and chemistry of the American Medical Association has adopted this
new name also with the proviso that if the Internationsl Committee

1 Bubmitted for publication May 4, 1339,
182081 °—39——1 1
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on Nomenclature should finally adopt some other name, the council
will concur in its use, with thiamin as a synonym.

Vitamin B, is widely distributed in foods of both vegetable and
animal origin, Lohmann and Schuster ({/7) ? discovered that most
of the vitamin B, in animal tissues ocecurs as a pyrophosphoric ester
where its primary function is associated with tissue respiration. In
this capacity vitamin B, pyrophosphate probably serves as a coenzyme
in more than one enzyme systen: involved in ihe metabolic degrada-
tion of carbohydrate.

Foods derived from plant tissues are, in general, not rich sources
of vitamin B, except for the seeds of plants and for yeasts grown in
rich media, The reiatively high proportion of vitamin B, in seeds is
seemingly a natural provision for the potential needs of a young and
rapidly growing plant embryo. Of animal tissues, the liver, heart,
and kidneys contain relatively high proportions of vitamin B,. Among
the muscle tissues of different species of animals, that of pork is
conspicuously high in vitamin B, content. Although not clearly
established, there s some experimental evidence at hand suggesting
that vitamin B, and its pyrophosphate may be concerned in the con-
version of curbohydrate to fat—u process unusually prominent in
the metabolism of fatiening swine.

Vitemin B,, or thiamin, is an organic base and has been isolated
in the form of its chloride hydrochloride, which has the following
structure; om,

N==(CXNH,HC] . -
C==(.CH:.CHsOH

OH, J C e O HymaN
o el
‘H

N

The success of Williams and tis coworkers (29) in isolating thinmin
from rice polishings on a relatively lurge scale permitted the rapid
elucidation of its properties and its chemical structure. Complete
synthesis of thiamin was first accomplished by Williams and Cline
(27) in 1936 ard reported in full hy Cline, Williams, and Finkelstein
(6) in 1937. The story of vitamin B, as it developad over 2 period
of vears leading up to the elucidation of its chemical structwe and
the final synthesis of the vitamin together with present knowledge
of its uses in medicine has been set forth by Williams and Spies (28).

Recent success in the laboratory synthesis of thismin has resulted
in making sufficient crystalline materiel available to extend greatl
the possibilities for the study of its physiological properties. This
bulletin preserts the results of vitamin B, assays of the edible portions
of 100 different food items commonly used in human dietaries. These
include fruits, vegetables, cereals, meats, and dairy produects. The
vitamin B, confents of these foods were evaluated directly in terms of
crystalline thiamin chloride hydrochloride used as a standard of
reference in each assay. A comparison of the average weekly weight
increments of vitemin B, assay rats receiving known quantities of
thiamin with that of litter mates receiving knewn quantities of the
focid under test was the criterion used in svaluating the vitamin B,
values.

1 Itelic numbers in parenthsses refer Lo Literature Gited, p. 16,
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REVIEW OF RECENT LITERATURE

The compilation of vitamin content of foods published in 1937 by
Daniel and Munsell (8) includes values for vitamin B determined
previous to the differentiation of vitamin B, values estimated for
vitamnin B, on the basis of standard growth rates, and vitamin B,
velues determined by direct comparison of some specific physiological
effect of the food tested with that of the 1934 international standard
for vitamin B,. These tables are fuirly complete for the vitamin B,
values of foods reperted previous to January 1936.

Williams and Spies (28) have recently summarized the vitamin B,
content of a number of different foods and have discussed the probable
relationships of the various vitamin B, units which have been used
in the past to express vitamin B, activity.

Fixsen and Roscoe (10) released a compilation of the vitamin con-
tent of foods in 1038, All of the vitamin B, vulues therein were
obtained from reports of experiments in which direet comparison was
made of the physiological effect of the food tested with that of the
1034 international standard adsorption product. These authors
point out that their compilation of the vitamin B, content of foods is
to be considered as preliminary and that many of the values probably
need to be rechecked.

Baker and Wright (7, 2,) have reported their analyses of a rather
extensive list of food items in terms of International Units of vitamin
B,. These workers used the bradycardia test method proposed by
Birch and Harris (8) and the 1934 international standard adsorption
praduct as reference standard of vitamin B,. Aceording to Birch and
Harris and according to Baker and Wright the vitamin B, values of
foods as determined by the bradycardia method are in good agreement
with values determined by the rat-growth method.

Investigators in many laboratories have contributed values for the
vitamin B, content of a variety of different food items. Mlickelsen,
Waisman, and Elvehjem (22) have reported an experimental study of
the distribution of vitamin B, (thiamin) in meat and meat produets,
the values being given in terms of micrograms of vitamin B, and in
terms of International Units of vitamin B;. These workers have also
presented data showing that during the roasting, broiling, or stewing
of meats the destruction of vitamin B, is on the order of 50 percent.

Copping and Roscoe (7) have determined the International Unit
values for vitamin B, in several samples of yeast and in different types
of wheat flours and breads. They found that the proportions of yeast
used in bread-making were too small to contribute significantly to the
vitamin B, value of the bread and that there was no appreciable
destruction of vitamin B, as a result of the baking process.

Harris (71) and Leong and Harris (16) made a special investigation
of the rvla*ive vitamin B, values of brown and white breads used in
Englan¢. A given weigh! of whole-wheat or brown bread carried
seven to eight times as many International T'nits of vitamin B, as
white bread made of unbleached flour.

Morgan, Hunt, and Squier (23) have reported the assays of prunes
whole wheat, and -vheat germ in terms of International Units of
vitamin B,.
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In general, the vitamin B, values of foods as reported in this bulletin
agree fairly well with those reported by Baker and Wright and with
such other values as have been determined by biclogical sssay in
which the international standard has been used as a reference value.

METHODS USED BY DIFFERENT WORKERS FOR THE
DETERMINATION OF VITAMIN B, VALUES

The methods for the determination of vitamin B, are based upon
certain specific properties or physiological effects induced by vitamin
B,, namely:

. Chemical reactions of vitamin B,.

. The stimulation of growth or of the fermentation process of some specific
miero-organism,

- The cure of a polyneuritic condition (head retraction} in pigeous.

. The prevention of polyneuritis in chicks.

. The cure of polyneuritic eonvulsions in rats.

. Relief of bradyeardis induced in rats ag & result of vitamin B, deficiency.

. Weight gains in young standardized rats.

Chemical methods for the estimation of vitamin B, values depend
upon some specific intersction of chemical reagents with vitamin B,
to produce some measurable effect, such as the development of color,
The color reaction proposed by Prebluda and MeCollum (24) utilizes
the intensity of red coloration resulting from a coupling reaction he-
tween diazotized p-amino acetenilide or p-amino acetophenone and
vitamin B; as a measure of vitamin B, values. This reaction appar-
ently has a high degree of specificity for the 4-methyl-5-8-hydroxy-
thinzole portion of the thiamin molecule. However, thiamin in the
form of vitamin B, pyrophosphate must first be hydrolyzed before
the pigment compound can be extracted from an aqueous phase into
8 nonaqueous phase (for example, xylene) suitable for quantitative
coloTimetric measurement.

Melnick and Field (19, 20, 21) recently made rather intensive studies
of the chemical method proposed by Prebluda and MeCollum. As s
result means have been developed for concentrating the vitamin from
extracts of biological materials, for separating the vitamin from the
Impurities which inhibit the coupling reaction, for addition of reagents
to increase the sensitivity of the method, and for conversion of the
phosphorylated vitamin B, into free thismin. These refinements in
the method have been used successfully for yeast, rice polishings, and
wheat germ. The results are in good agreement with the biological
assnays reported for these materials. However, it would seem that
this method required further study of its application to a variety of
foods as compared with biological assays on the same samples before
it eould be regarded as a reliable substitute for the latter.

The intensity of tha blue fluorescent light of thiochrome produced
by the oxidation of vitamin B, with ferricvanide in alkaline solution
was proposed by Jansen (7$) and later modified by other investigntors
25 & means of measuring vitamin B, values. According to Pyvke (25)
analyses of wheat-embryo samples indicated that the thiochrome
method rielded results from 42 to 73 percent lower than the bio-
logical assayv method (bradycardia method) for vitamin B, in the
same samples. Thiochrome is an intermediate compound in the oxi-
dation of thiamin and the blue fluorescent color is rather unstable. .
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The method is apparently not entirely specific for thiamin and does
pot include the thiamin in the form of vitamin B, pyrophosphate.
Henvessy and Cerecedo (12) have recently suggested improvements
for the thiochrome method for determining vitamin B, activity, in-
cluding removal of interfering materials by the use of a base-exchang-
ing zeolite as an adsorbent for vitamin B;, the use of an enzyme
preparation from beef kKidney for conversion of thiamin phosphoric
eaters to free thiamin, and the use of & more sensitive fluorometer.
This method has not yet been applied to any large number or variety
of foodstuffs.

Methods based on the stimulation of growth or of the fermentation
process of micro-organisms by vitamin B, involve very complex rela-
tionships of nutrieuts and also require quanfitative extraction of the
vitamin B; frem foods, neither of which difficulties has been satis-
{nctorily surmounted to date.

Trregularifies in the production and cure of head retraction in pigeons
are quite generally recognized. Occasionally, cures of a polyneuritic
condition in pigeons have been atiributed to food components other
than thiamin. In view of the uncerfainiy as to specificity and inter-
pretation of this method, it was considered unsuitable for the assays
to be undertalsn here.

Kline, Keenan, Elvehjem, and Hart (J4) introduced the use of
yvoung chicks in the quantitative determination of thiamin. This
method was subjected o further tests and sumnmarized by Elvehjem
(9). These investicators nsed a reinforced, Lieated grain ration sup-
plemented with different levels of the food under assay. The lowest
level of the food which is capable of protecting ali the chicks from
polyneuritis was determined. This level of fvod is presumably equiv-
alent in thiamin value to the level of pure thiamin that sccomplishes
the same result. Although this method appears to have definite possi-
bilities, since the vitamin B, assays undertaken in this laboratory
were made for the specific purpose of making it possible to evaluate
the vitamin B, values of human distaries, it would seem more appro-
priate to use some species of mammal as experimental animals rather
than to use chicks.

The so-called polyneuritic curative methods for rats are modifica-
tions or refinements of the method originally proposed by Smith (26).
The polyneuritic curative method has been found reasonably satis-
factory by many workers and especially valuable in assaying concen-
trates of vitamin B;. However, many of our commoun foods contain
only very small proportions of vitamin By, and it is impossible to get
& polyneuritic animal to eat sufficiently large quantities of such foods
to render the curative method generaﬁy applicable.

Rats maintained on the usual vitamin B,-deficient rations are sub-
ject to a marked fall ip heart rate as the state of vitamin B, deficiency
progresses toward an.obvious polyneuritic condition. The brady-
cardia or heart rate method propesed by Birch and Harris (3) is based
on the measurement of the interval of relief of this condition follow-
ing the administration of a single dose of vitamin B, or of a vitamin
B,-carrying material and the subsequent decline of the heart rate to
approximately the rate at the time of dosing. The so-called brady-
cardia method as described by Birch and Harris and as applied su
sequently to a rather extensive list of food items by Baker and Wright
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(I, 2) sppears to be reliable and adapted to the assey of {oods both
rieh and poor in vitamin B, value. This method, however, does in-
volve the availability of a sultable electrocardiograph and a consider-
able amount of experience and skill in opersting it satisfactorily,
neither of which conditions prevailed in this inboratory.

The rat-growth methods as proposed by Chase and Sherman (4) or
by Chick and Roscoe (8) with or without modifications are based on
the average gains in weight Induced in suitably standardized young
rats receiving & vitamin B,-deficient r¢ {ion supplemented by deily
known quantities of foodstufls.

‘The rat-ecrowth methods have been criticized because the criterion
of measurement is a nonspecific effect nnless the vitamin B,-deficient,
diet contains optimal quantities of all other nutiients except vitamin
B,. Experience in this laboratory has shown that the average weekly
gains of groups of rats receiving different levels of crystalline thiamin
over & 4-week test perlod produces n curve of rvesponse practically
parallel to that of comparable groups of rats receiving different levels
of foodstufls that are good or rich sourees of vitamin By. The differ-
enges in growth response of different strains of rats are of no particular
concern provided the growth response is judged in relation to strict
Litter-mate comparisons between rats receiving supplements of viba-
min B, and the foodstuff under test. Birch and Harris (3) determined
the vitamin B, values for three different products (2 dried yeast sample,
& veast concenirate, and a sample of wheat germ) by the bradveardia,
rat-curative, and rat-growth methods. The respective international
vitamin B, values of the three products were essentially the same as
judged by any one of these three methods.

With the choice of method most applicable to the task of assaying
a wide vartety of common food items reduced to o choice between
the bradyvcardia method and a rat-growth method, the latter was
ehosen for reasons of expedience and convenience.

MATERIALS AND METHOD USED IN THIS STUDY

PREPARATION OF SPECIAL INGREDIENTS USED IN EXPERIMENTAL
VITAMIN B,-DEFICIENT RATION

¥ITAMIN B:-FREE CASLIN

To 4 Hters of 60-percent (by weight) ethyl aleohol in an S-liter
wide-mouthed bottle, 800 gm. of dry acid-precipitated casein were
added end the mixture agitated with & mechanical sheker for at least
30 minutes. The contents of the bottle were then transierred to a
muslin bag and the alcohol pressed ou$ in a tincture press. The
filter cake was broken up in the bag and washed with 2 liters of 60-

ercent ethyl aleohol. The casein was fransfeired from the cloth

ag back to the 8-liter bottle and the process (shaking, pressing, and
washing the filter ecnke) repeated. The filter cake was broken up
and washed with 1 liter of 85-percent (by volume) ethyl alcohol to
facilitate drving, The extracted casein was then spread on a suitable
tray and dried in the air. The dried casein was sieved and stored
in a clean, dry, stoppered jar.
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SALT MIXTURE
(Modified Osborne snd Mendel Bait Mixture)

The following solution weas prepared in a beaker with the use of
heat:

2

95
L5
E

Erams._ . 44
The following were added to the above solution:

KI{05gm. in 2850ml.y_ _______________ milbliters_.
MDSO‘.‘EE:;O (29 gm. in 280 ml ) e s do___.
NalF (6.2 gm. in 350 ml.y ... do____
K.AL (80O (0.6]1 gm. in 250 mi)

or

KAl (800),.24H.0 (1183 gm. in 250 mby . _________ do___.
Phosphoric acid (85 percent, sirupy) do_.__
Hydrochloric seid (38 percent)

Sulfuric gecid {98 pereent)

CHSO.‘.{)HgO

The following salts were mixed and added slowly (stirring) to the
sbove solution:

Caleivm carbonate 539

Sodinm earbonate 137

Potassium carbonate 365
Magnesinm carbonate a1

The resulting salt mixture was dried and ground as per instructions
given for drying and grinding the aufoclaved yeast.
These ingredients m quantities specified make about 1,700 gm. of
dry salt mixture. :
ACTOCLAVED YEAST

Sufficient tap water was added to wet the desired quantity of baker’s
yeast and the mixture worked into & thick peste, free of lumps. The
yeast paste was spread in smooth layers not deeper than 1 inch on
flat agate pans or flat pyrex baking dishes huving a depth of abous
8 inches. These pans or dishes with yeast were placed in the auio-
clave and heated to 15 pounds steam pressure (120°-C.) for 6 hours.

‘When the autoclaving of the yeast was finished, the pans or dishes
werse placed in the drying oven {about 50° C.) and stirred each day
until the yeast became hardened. Thern the lumps were broken u
and the drying continued until the yeast could be ground in o mill.
The dry, finely ground, autoclaved yeast was kept in the refrigerator.
The yeast may be kept under these conditions for a period of about
1 month.

SULFITE-TREATED YEAST

Five hundred grams of dried baker’s yeast were mixed with 4 liters
of 0.1-percent sodium sulfite solution and placed in & wide-mouthed
8-liter bottle. Sulfur dioxide gas was passed into the suspension
untit it reached pH 4.040.1 as messured with a glass electrode.
The mixture was then allowed to stand in the dark at room tempera-
tar: for 5 days. At the end of this period the suspension was poured
over 500 gm. of cornstarch, which was s?rea,d in & thin layer in a
shallow pan, and dried at & temperature of about 50° C. The dried
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mixture was finely ground and was then ready for use in the prepara-
tion of the vitamin B-free basal diet.

SELECTION AND MANAGEMENT OF ANIINALS USED IN THIS STUDY

Young albine rats from 21 to 28 days of age and varying from about
35 to 45 gm. in body weight were kept until they reached stationary
weight on a vitamin B;-deficient diet of the following composition:
Vitamin B-deficient ration:

Extraeted casein

Apar

Cod-liver oil ...
Cottonseed nil

Autoelaved bakers’ yeast!
Salt mixture

Cornstarch

1 Inmazaying the vitamin By valuesofrye and of the lean portion of lain lamh ebhops, strictly perallel assuys
wore made Using 15 nervent of selfite-treated bakers' yeast in plaee of the same proportion of autoclaved
veurt. This method of treat{ng yeast preliminary fo jts incorporation ints vitamin Bi-deflcient rations waa
first sugpested by Klloe, Tolle, and Nelsan (£5%. The details of preparation of the sulfite-treated yeast
will be foand en p- 7.

The animals were fed the vitamin B,-deficient diet ad libitum and
had access to water at all times. The animals were weighed at the
end of 1 week after they were placed on this diet and again at the end
of _1(;:l days and on each day thereafter until they reached stationary
weight.

The young rats very regularly renched the stage of stationary
weight m 12 to 18 days after having been placed on the vitamin B,-
deficient diet. At this time each rat was housed in a separate small cage
with o reised screen bottom. One rat from each litter (the so-called
negative control} was continued on the vitamin B,-deficient diet
without: supplement of any kind. The remaining rats of each litter
were given supplemenis of thiamin chloride or supplements of the
food item to be assayed for vitamin B, value. 'The thiamin chloride
and the food items under test were fed six times weekly. On Satur-
days and Mondays these supplements were increased 50 percent in
order to compensate for the lack of supplement on Sundays,
practically every case six assay rats (three males and three females)
were used on esch level of test food. Tiwo separate strains of albino
rats were used in conducting these assays.

During the experimental period of 4 weeks’ duration the assay rats
were weighed once each week.

METHOD OF CALCULATING VITAMIN B, VALUES

The average weekly weight increases were calculated for each rat
that had received a given supplement level of the test food and for
each of the litter-mate control rats that had received 1.5 or 3 iaicro-
grams of the reference standard of erystalline thianmin chloride. The
average weekly weight increments for each pair of litter mates was
plotted apgainst the respective level of test food administered as a
vitamin B, supplement. A straight-line relationship was assumed for
the average weeklr weight increments intermediate between those
induced in the paired litter mates that had received the two different
levels of supplement of test foed. The quantity of te<t food, which
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presumably would have resulted in an average weekly welglit inerense
equal to that induced in the litter-mate control thut had received 1.5 01
3 mierogran:s of the erystalline thiamin, was then determined by
inspeciion,

The average quuntity of a given lest food eyuivalent to 1.3 or 3
micrograms of thinmin, as judged by the response of six Liter-mate
pairs, was nsed in the final caleulation.

1n most eases the avernge weekly weight inerement of the ruts that
received supplements of thivmin chloride was intermediate between
those of (heir litter-mnte pairs, which lad received two different levels
of the food itemn under test.  In u few cases the quantity of test foorl
equivalent to 1.5 or 3 nierograms of thismin necessitated some measure
o extrapolation. It is not feasible to present the experimental daty
for euch sel of paired litter mates together with the litter-mate con-
trol, hut the average weight increments of all the rats on each supple-
ment of vitumin B, are shown 3 wtable 1.

The eviluation of the vitamin B, or thiamin value per 100 em. of each
food was made aceording to the equation 4\_-7__if_!_1__1_..3_11111?('}_Lrgt_1_1_[_1_1}_ 100
wherein Y==micrograms of vitumin B, or thinmin per 100 gm. of food
wmder test, and A =sgrams of Lest food thal presumably would induce
an uverage gain in weoight oquivalent to thet induced by the 3 or 1.5
microgrnms of (hinmin.  These values are given in columi 3 of tuble 1.

The vitamin B, poteneies of ench food item in terms of International
Units are given in column 2 of table 1. Fhe value of 3 micrograms of
ervstalline tlismin chlorde has recently been adopted as the new
international standard for vitmnin B, by the permanent commission
on biologieal standardisation of the Health Organisation of the Leacue
of Nations (78). The vitamin B, values in terms of Internafional
Uxits, are, therelure, one-third of the corresponding numerical values
in terms of micrograms of thiumin.

DESCRIPTION AND PREPARATION OF FOOD SAMPLES

All of the assavs included in tuble 1 are experimental values deter-
mined in the nutrition laborafories of the Burezu. The assays were
made durine the interim of June 1938 to May 1939,

The specimens ol food selected for assay were beught on e open
muarkets of Washington, D. ¢, and doubtless were grown in many
Jifferent regions nnd under widely dilferent enltural conditions.  Only
the edible portions, prepa-ed as for cooking or table use, were subject
to analvsis for thinmin vaiaes, The assav of each of the [resh fruits
und vegetables was made, insofar as possible, during the period enin-
cident with the =seasen of its respective greatest abundance.  In view
of the perishable noture of muny of the fuodstulfs fresh specinrens were
purchased (wo or three times weekly during the course of the nssays.
Each assay of the fresh fruits and vegetubles, fresh meats, and dany
products, therelore, necessitated the use of 10 or more different samples
of these ilems.

The detailed descriptions of the specimens of food assayed and the
method of preparing the samples of these to be fed as vitamin B,
supplements are as follows:

Apples.— Stayman Winesap variety, bought during October and Novewmber,
For satmpling the fruit was thinly pared and cured.

1820817 3G—2
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Asparagus,—A thin-stalk variety, fairly green in ecolor, bought during March
and April. The butt cnds were removed before sampling, and the entire stalks
were chopped fine and well mixed,

Avocade.—Ripe fruit with green outer rind purchased in August. The seed
and rind of tbe fruitas were discarded.

Bananas.—Fully ripe fruit, bought during August and September. The fruit
was peeled before sampling.

Beans.—Snap beans, green fleshy pods, bought during Septeiber and October.
In preparation for sampling the cnds and strings if any were removed and the
whole pods chopped fine and mixed.

Yellow wax beans, suceulent pods, bought during July and August. These were
sampled in the same manner as the green snap heans.

Fresh lima beaus, immaturc seeds, light greeu in color, bought during August
and September. Just previous to the preparation of the sample, the limas were
shelled and chopped fine.

Dried lima beans and dried navy beans were ground fine before sarnpling and
mixed with small portions of the vitamin B;-deficicnt diet for feeding.

Beef.—¥resh lean muoecle from the top-round cut.

Beets.—Pared roots 1% to 3 inches in diameter, bought in August and Septemnber.

Blackberries.—Large, juicy berries, bought during June and July.

Blueberries.—Large, firm, ripe berries purchased during June and July.

Broccoli.—Green flowers, stalks, and some small, dark-green leaves, bought
during December and January, and finely chopped before sampling.

Brussels sprouts.—Medium-size hesds with green outer leaves and bleached
inner ieaves, bought during Mareh and April. Entire heads were finely chopped
and mixed,

Cabbage.——Summer cabbage with green outer leaves and bleached inner leaves.
bought during August and September. The entire head was used with the excep-
tion of the hard center core, which was discarded. The leaves were chopped fine
and mixed well,

Carrets.—Young roofs, bought in Marsh and April. The outer skin was
removed by scraping and whole roots were finely chopped aund thoroughly mixed
before sampling.

Cauliflower.—Finely chopped fowers and flower stalks of solid white hears,
bought in November and Deecember,

Celery.~—Finely chopped, ctisp bleached stalks. All leaves were excluded from
the samples.

Cheese.~—A vellow American Cheddar made in Wiseonsin,

Cherries.—Ripe red ‘‘Bing" cherries purchased during June and July. Samples
of entire fruit exclusive of the pits were used for assay.

Chicken.—Dark and light flesh of frrers were assayed separately. Dark meat
was taken from the leg and thigh; the light meat from the breast. The skin in
botn cases was disearded.

Cocoa.—Powdered cocoa, bought in packaged form, was mixed with small por-
tions of the vitamin B;-deficient ration.

Collards.—Fresh green leaves and edible part of the stem were chopped to-
gether and well mixed for sampling. Purchased during July and August.

Corn, sweet.—-Country Gentleman and Golden Bantam varieties in milk stage
of ripeness, bought during July, August, and September. Tips and pulp of the
kernels were cut from the cob immediately before sampling,

Corn Rakes.—A packaged breakfast cereal,

Corn meal.— White and yeliow commercial produets, prepared by identical
milling processes. 4 small amount of corn bran was removed in the milling proe-
e85 {n each case.

Cowpeas or black-eyed peas.—Dried mature seeds, finely ground before samp-
ling and mixed with small portions of the vitamin B,-deficient ration for feeding.

Dates.—Hayany variety supplied by the Bureau of Plant Industry from the
United States Date Station at Indio, Calif. The dates were processed for 2 10 3
days at 130° F. then stored for about 6 months ot 28° to 34° F. The entire edible
portion (skin and pulp} was included in the material assayved.

Eggs.—Dought on the open market during December and January, The volks
were separated from the whites with special care to leave as little of the whites as
possible on the surface of the yolks, The yolks were then very thoroupghly mixed
in a definite proportion with the vitamin B-deficient diet. A new sample was
‘prepared each week and kept stored in the refrigerator at about 10° C.

The raw egg whites werc cut with seiesors in order to ebtain a more homo-
geneous sample and then mixed in a definite proportion with the vitamin B;-
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deticicnt diet. This mixture was also prepared once a week and kept in the
refrigerator at 10° C.

Endive.—Bleached heads purchased during May and June. The entire heads
were finely chopped and well mixed for sampling.

Fish.—Fresh halibut and fresh-water irout, bought once a \wok during the
period of assay, and canned ved salmon. The juice of the canned sulmon was dis-
-c.gr:(i‘vri. The fsh was kept ia a refrigerator at a temperature » few degrees helow

Flour.—A white “straight-run’ soft-wheat flour milled for the purpose by the
Bureau of Flant Industry, a commercial packaged white patent flour, and a white
flour said by the producer to contain the germ portion of the wheat grain, All
samples were incorporated in stnall portions of the vitamin Bi-deficient diet in
place of equal weights of starch.

Grapefruit.—Fully ripened, heavy juiced fruii, bought during November nrl
Tierenrnper, The white membranes between the sections of the fruit were removedl.

Kale.—Dark-green, erisp, whole Jeaves, bought during Ocetober and November.
The Jleaves were finely chopped and thoroughly mixed before sapling.

Lamb.—Lecau poriion of loin chops.

Lettuce.—Outer green leaves and inner bleached leaves of head leftuee, bought
in Xovember and December. The leaves were finely chopped and well niived
before the samples were taken.

Liver.—TYresh beef livers.

Milk.—Commercial condensed, cvaporsted, dry skim, and dry whole milk,
bought on local markets, The fluid skim milk end fluid whole nilk were bought
from a large local dairy during June, July, and August. The skim milk had a very
low fat econtent on the order of 0.02 perrent.

Molasses.—A tinned commereial product, dark brewn in color and of a tyne
widely used in cooking. The supplements of molasses were mixed with the
vitamin B-deficient ration for feeding.

Muskmelon.—Fruit with a bright orange-colored flesh and a gray and preen
rind. The sceds were ciscarded and the flesh was removed to within about
one-quarter inch of the rind and finely chopped before sampling,.

Mustard greens.— Medium-green leaves, hought during November and Deecin-
her. Preparaiion was the same as for kale,

Oats.—Packaged commercial “quick-cooking™ catmeal and rolled onts.

Okra.—Fresh specimens, bought during Decemnber and January., ‘The entire
pods and seeds were finely chopped.

Onjons.—Mature, white-fleshed, winter globe type, bought during November
and December. The outer thin brown skins were disearded.

Cranges.—Fully ripencd juiey fruits grown in Florida and bought during Decem-
ber and January. The samples included the pulp, with the membrane between
sections removed.

Praches.— White-fleshed, fully ripe fruits, bought in June and July. For the
assay samples ckins and pits were discarded.

Peanuts.—Virginia-type peanuis supplied by the Bureau of Plant Industry.
The germ, thin red skins, and cotyvledens plus germ were assayed separafely,
The red skins werc ground and mixed with the vitamin B,-deficient diet in order
to make them palatable.

Spunish peanuts from a single sample bought from the loeal market, assnved
raw and roasted, red skins removed. The roasting was done by heating raw
peanuis in a single layer at 190° C. for 20 mifutes.

Pea}.rs —¥ruit bought in October and November was pared and cored before
SRMIHTNE.

Pgab —QGreen, pess, bought during July and August, in the pod, and freshly
shelled just before weighing the samples.

Pineapples—TFully ripened fruit bought during November and Decemher.
The samples reprosent the fesh without parings or core.

Plums.—A blue damson variety bought during Oclober and Nevember., The
skins and pits were removed before sampling.

Poaric.—Lean flesh of fresh loin chops &nd the lean portion of smoked raw hawn,

Potatoes.— New potatoes of the Irish Cobbler varfety bought in Augnst and
September; mature potatoes of the same variety bought in January and February,
The new potatoeb were scraped and the mature ones were pared before sampling.

Prunes.—Average size domestic dried prunes of good quality. Both skina
ard pulp were ingluded in the samples.

Raspberries,—Fresh juicy black and red berries bought in June and July.
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Rhubarb,—Early spring rhubarb bought in March and April. ‘The entive
stems were finely chopped and well mixed before sampling,

Rutabagas.—Light vellow roots Lought in December and January, pared and
chopped before sampling.

Rye~Whole prains ground in the laboratory,

Sauerkraut.—"“Bulk” sauerkraut bought in January and February.

Saybeans.—Fresh green beans obtained from the Arlingion Experiment Farm
three thmes emch week during Augnst and Seplember.  Several varielies were
included. The beans were shoiled aund the whole seeds finely chopped for sampling.

The whole dried soybenns were fnely grovnd before feeding,

Spinach.—Fresh, dark-green leaves and the more tender portions of the leaf-
stalk, finely chopped and well mived for sampling, from spinsch bought during
Junle and July.

Squash.—Hubbard squash bought during Novewnber aud December. The
tiesh was finely chopped wfter vemoving the rind and about one-quarter inch of
flesh atljoined to the rind.

Small white eymnlings purchased during Mayv and June. The seeds and Hesh
were chopped together after removing the rind.

Strawberries——Fresh, firm, fully ripened berries bought during the last week of
Mareh and through the first 3 weeks of April. The whole berrics were finelv
chopped before sampling.

Sweetpotatoes.—Nancy Hall variety bought in October and November, pared
and finely chopped before sampling.

Tomatoes.—Iirm red specimens bought during August and September, The
sking wore removed for the assay samples.

Turnip greens.—Leaves, medium dark green in color, bought during Getober
and November. The entire leaves nnd & small part of the stems were fnely
chopped and well mixed before sampling.

Turnips.—Globe-shaped, white-fleshed turnips with purple-pigmented skins
on the upper part, bought during November and December. The ronts were
pared and finely chopped before sampling.,

Walnuts—Large firn meats of Persian (English) walnuts Uought without
shelis,

Wheat, shredded.—A packaged breakfast cerenl,

Wheat, whole,—-Soft winter, hard winter, and hard spring varivties ground in
the laboratory and fed as scparate supplements.  The entire grains were included.

EXPERIMENTAL RESULTS

The vitamin B, values of the perishable food items (table 1) were
determined. on fresh samples purchased two or three times a week
over the 4-week period of assay. These values, therefore, represent
& composite assay involving 10 to 12 specimens. The vitamin B,
values were determined on uncooked samples unless otherwise indi-
cated in column 1 of the table.

GROWTH RATES OF VITAMIN B, ASSAY RATS

Two different strains of albino rats, referred to as stock A and
stock B, were used for the vitamin B, assays reported in {able 1.
About 15 percent of the experimental animals were from stock A and
about 85 percent from stock B.

The average weekly weight increment of the 18 males and of the
18 females from stock A, which received 3 micrograms of thiamin per
day, were 6.3+4.0 and 63423 gm., respectively. The average
weekly weight increment of the 107 males and of the 112 females
from stock B, which received 3 micrograms of thismin per day, were
12.944.1 and 10.6£3.1 gm., respectively. This wide ifference in
average growth response between : way rats of the two strains receiving
identical supplements of thiamin indicates clearly the unreliability of
absolute growth rates as eriteria of the vitamin B; values of the
supplements fed as sources of vitamin B,.
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TasLe 1.—The vitamin B, (thiemin) assay velues of foods

[Estimated precizlen, 15 to 20 porcent]

" Yitamin By

{thinmlo)
conrent per
1K) s
{edible
portion)

Summnary of experimontal data

Crystalline thismin

Food supplement

Amount
fed per
day

Weight
[nere-
moent

per week

Waight
Amount | on

fad per by
ent
day per week

Applen (Afatus splvestris):
Stayman Winesoap. .
Asparagun { Atparagus off
Avoeada [ Persea 5PP)ac oo~
Bananan {Afuss sapienltitit) . o o oocecmemeear oo on

Besna {Pheseofus spp.):
Gregn, snap.

Lima, leash
Lima, dried__..
Navy, defed. ... oo ammmmaa
Yellpw, wax.__. N

Baef:
Toan musele

Beets (Bela culgaris) e e e e semmmcemee]

Blackberries {Rubud SDD.) e cacmmccccenae
Blgeberrtes {Vaccinium spp.)

Broceoli (Brastica oleracea bolrytis

Brunsels rprouts (Brassica oftracea gemuifern...|

Cabbage (Brastica spp.):
Fregh

Fermented {sanerkrant)
Carrots {Doucua carola}

Caulifluwer {Brasaica sleracea dofrytis)
Celery {Apium gracecieny)

Cheesa:
Ametican Cheddar

Qharries {Prunts spp.):
Bing.

Chicken:
Dark meat._.

Light mest..

Cotma
Qellards (Brossiee oleracea aeephata) ...

Carn (Zea mays):
Sweet, Country Gentlemsn

Bweeot, Golden Bantam

Cowpeas ( Vigna sinensis):
Dirjed
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TaBLE 1.-—The vilamin B; (thiamin) assay values of foods—Continued

Vitemin By
{thiamin}
content per
100 grama
{edible
partion)

Bummary of experimental data

Crystalllne thismin

Food supplement

Weight
iaere-
ment

per week

Amount
fed por
day

Weight
ingre-
ment

Amount
fed per
day

Dms {thu doctyliferay:
a0y,

Yolks

Endive {(Cichorttem endicia). - ceoaeec e 33

Huilbt

Balmon, Ted,
Trout, fresh-water

Floor:
White, streight milled

White, patent

White, “plus gorm”
Srapetroit (CHrus grondis)
Ham:

1.1

Grams

Kale (Brassice oleracen hala}

Tamh:
Chop, lean portion

Ohap, lean portion !

Tettuce (Lactuca sativa):
Head._

Liver:
B

Mik;
Condensed

Evaporated

Fluid, skim
Flaid, whole

Powder, skim

Powder, Wholo
Malasses:
Masnates et meld oo T
Mustard gresns (Sinopis)_ ool

atmenl:
"Quick-cooking™
Ot (Arenc tefiva):
Rolled

Okrs (Dibiscus
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Tapre 1.—The vitgmin B, (thiamin} assay values of foodsi—Coutinued

Vitamin By
{thiamio)
contont per
1{} grams
(edible
portion}

Sumptary of exporimental dato

COrysiatline thlamin | Food supplemaent

Weight
{nere-
matil

por weok

Weight
lnere-
mant

per weak

Amount
fod por
dsy

Amount
fod per
day

Onions (Aflivm cepa):
Winter, globa ... ...

Orenges {Citruz spp.Jt
Florids.

Peas [Fisum spp.):
Fresh, green.

Peack {Ampgdaius peralcals

White fieshed .o oo oo e
Peanny {Arachiz kypogaea);

Whole, Spanish ... o~ ceaao oo amamaoean

Whole-roasted, Bpanish

Whole, Virginia type

Qerm, Virpinta type

Red skins, Vieghalatype covemneceeiieee - -

Fear (Pyrus sp
Pineapipla (Aﬂanas sa!ixma)

Flum {Prunus demestioa):
Blae

K
Chop, lean portion

Eaz.

Potatoes (Sofanem tuberonm):
Haw, Irish Cobbler....- -

Muture, Irish Cobbler
Prones { Prunus domestica):

Raspherries:
Black {Rubus occidentnlis)
Red {Rubus strfgosm}
Rhnbarb {Rheum rhap tice )

fGrans
12,2

g
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Rutebegas (Orosaice mmpﬂ:m

Bye (‘Seca!e cereaie):
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Soybeana (Sozz maz}:
Green

Tiried

Spinach (Spinacia oferacen)

E-qu:sh {C‘emurwa marimay:
Eubbard

Crmling

§mwhnrrias (f‘rana:ia sp:::.}‘..,‘_ _________________
Nancy Hall :
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Taere L—7The vitamin By {thismin) assoy values of foods—Continued

Summary of experimental data

Vitamin B;
“hm‘?'l‘gr Crystalline thlamin| Food supplemont
104 prams '

(edille Amuount ‘?;Zif:t \;-;‘négﬁ_ht
portion) fed per ment ment

day per week e weok

Amount
fed per
day

P L . Grama
o5 9.8

Tuornipst 1
Crepps, 46

White ficshed (Brassica rapa)

Walnut meats {Juglans regig):
Persing (English) -

Wheat (Trificum eesticuir):
Shredded

Wholn, herd Spring.  comoeeee s
Whole, hard winter.

o

el b e

ey
-

-

PoplBfns So pmiip

-

Whole, soft winter

GMWSL DIt G
PRGSO TH T I N A VR NI A

E.

One rat from each litter {(the so-called negative control) was con-
tinued or the vitamin B,-deficient diet without a supplement of any
kind. All of the negative control rats from stock A lost weight
steadily and 76 percent were dead before the end of the assay period.
Of the 156 negative control rats from stock B, 77 percent lost weight
or died during the assay period and 23 percent showed small gains in
weight despite having reached an apparent stage of stationary weight
before the assay period was begun.

Large varistions in growth rate were observed in the groups of vita-
min B, assay rats whose vitamin B, supplements supported an averace
growth rate of less than 35 gm. per weelk. Maximnm regularity in the
growth rates of the assay rats was observed when the vitamin B, supple-
ments supported an average weekly growth within the limits of 6 and
20 gm.

In the comparisen of the use of sulfite-treated yeast and sutoclaved

east in the basal diat of rats used in parallel assays of rye and of
amb, values were obtained thet were comparable within the limits of
error of the method of assay. According to the assays of these two
products, therefore, it would seem that the choice between sulfite-
treated yeast and autoclaved yeast could be decided on the basis of
convenience to the experimenter,

STATISTICAL ANALYSIS OF RESULTS

In the assay of the “straight-milled” whesat flour two sets of litter-
msate reference rats from stock B were included, one set receiving 1.5
micrograms and the other set 3 micrograms of thiamin per rat per day.
Each set consisted of three males and three females. The average
weekly weight-incremment of those receiving 1.5 micrograms of thiamin
per day was 3.3+4.9 gm. and of those receiving 3 micrograms of
thiemin, 1444+ 5.8 gm.

The vitamin B, content of the flour es interpolated from these two
sets of reference rats differed by less than 10 percent. a difference
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within the limits of the reproducibility of the method. The mean

difference between litter-mate pairs of rats receiving these twe levels of

erystalline thiamin wes 6.2 gm. with a standard deviation of 2.3 om,
In testing for the significance of this difference in average growth

beiween pairs the value of ¢ from the equation? t_%— éﬁ
Indicating a very hich degrec of probability that the difference was
sicnificant. Asswning a standard deviation of the same magnitude,
the chances ave 20:1 that a mean Jdifference of 2.9 gm. would be a
significant difference ({=2.57) in average weekly weight increment
induced by two levels of thiamin as & vitamin B, supplement.

1t would appear, therefore, that the rat-growth method for assay of
vitamin B, as described here is sensitive to gbout 0.75 microgram of this
vitamin when daily supplements dre fed at levels that will induce aver-
age growth ratee within the limits of 8 and 14 gm. per week.

Qituilar ealculations based on the average growth rates of assay rats
on two levels of a food containing apprecmble quantities of vitamin B,
also indieate that an average difference in weekly gain in weicht of 3 to
5 gm. between carefully matched pairs is probably significant.

The reproducibility of the vitamin Bj,-assay method together with
the differences in assay values of 12 foods as calculated from 4-week
and 3-week experimental assay periods, respectively, are shown in table
2. From theseresultsitmey be concluded that there is little, if any-
t.hm]&: %0 be gained by prolonging the vitamin B -assay period beyond 3
weeks.

TaBLE 2.—Date snowing the reproducibility of the vilamin Bj-assey method and
differences in polencies of 18 foed dlems, celeulaled on the basis of f-week and 8-
week essay periods

Quantity of food eqnlv-
mlent Lo 3 micrograms
of orystalline thia-
min

On basis of | O basls of
+weoek as- | I-week ps-
say perfod | say period

iy e
wpeas, dried. ..
Oatmeal, “guick cooking™
Beuna, dried Hma

yolk_.
“ heat, shredded._.
Potalow
Prupes, dried
Mustard green
Wheat ﬁour “strafght milled"”’
Tarnips, white. . _
Mk, fresh, whols

28!

bl ol Lh il ol PP

-

FA I IF R

BY;
Lui_‘ B H

sl B B0 et pt e
geaBLn
BamEonsiy

It
]

%

t Pigures folowlng the sTmebol = rofer to standard deviation, not standard error.

The average coefficient of varistion (100XS. I,/mean) of the vita-
min B, (thinmin) assay velues for the 12 {foods listed in table 2 was 33
percent. The aversge precision or coefficient of variation of the mean
(100X 8. Dy/mean} of the assay values for these same 12 food iterms
was 13 percent {only one of the coefficients included in this average

1 Thisequation is freqaently reforred to as Student’s £ test of tha significance of the mean of s srall sampls.

Thesymbal X reprosents the mesy dlfferences hetween palrs; IV, the nomber of pairs apd 8. D. the standard
devintion of a single mmeasurement.
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was greater than 17 percent). It is probably safe to assume therefore
that the precision of the assay values of most of the foods included in
table 1 is of the order of 15 to 20 percent.

FOODS CLASSIFIED AS SOURCES OF VITAMIN B,

Although vitamin B, is widely distributed in common foodstufls,
certain classes of foods are outstanding with respect to their vitamin
B, values. The most important natural food sources of vitamin B,
for humsn dietaries are whole-grain ceresals, legumes, puts, and lean
pork, both fresh and cured. Although, sccording to Mickelsen,
Waisman, and Elvehjem (22) and to unpublished work done at the
Bureau of Home Economics, #s much as 50 to 60 percent of the vita-
min B, value in lean pork is ordinarily destroyed as a result of cooking
processes, the cooked product is still an excellent source of this vitamin.

Fruits, in generzal, are not important sources of vitamin B,. For
the most part vegetables other tgan legumes are distributed between
fair and untmportant sources of vitamin B,. The following classifica-
tion of foods 1s somewhat arbitrary and is intended to furnish only a
eneral concept of the distribution of vitamin B, in foods. Foods
sted in the class of fair or poor, such as potatoss and milk, may
furnish appreciable amounts of the daily needs for vitamin B, if con-
sumed in lberal quantities.

EXCELLENT (150 INTERNATIONAL UNIT8 OF MORE PHR 100 GM.)

Beans, lima, dried Pesnut germ Pork, ham, smoked (lean
Cowpeas, dried Peanut skins portion)
Oatmeal, “quick cooking” Peanuts, whole, raw Soybeans, fresh, green,
Oats, rolled Pork chiop (lean portion) and dried
aooD (100 TO 150 INTERNATIONAL UXITS FER 100 GAL)
Beans, lima, green Milk powder, whole
Beuns, navy, dried Pens, green
Corn meal, white Rye, whole
Egg yolk Whalnutis, Persian (Enplish)
Milk powder, skim Wheat, whole
FAIR (30 TO 100 INTERNATIONAL ONITS PER 100 GM.)
Asparagus Corn, sweet Pineapple
Beef, lean muscle Kale Potatoes
Broceoll Lamb, lean muescle Prunes, dried
Brussels sprouts Liver Spinach
Cautiflower Mustard greens Sweetpotatues
Chicken, dark meat Qkra Turoip greens
Corn meal, yellow Peanuts, roasted Wheat, shredded
POOR (LSS THAN 30 INTERNATIONAL UNITS PER 100 GM.)
Apples ! Fish, halibut Onioons
Bananas Fish, salmon, red, canned Oranses
Beans, greep, snap Fish, trout, fresh-water  Peaches
Peans, yellow, wax Flour, wheat ‘‘straight Pears
Beets milled”’ Plums
Biackberries Flour, patent Raspberries, black
Cabbage Grapefruit Raspberries, red
Carrots Lettuce, head Rhubarh
Celery Milk, condensed Rutabagas
Cheese Milk, evaporated Sauerkraut
Chicken, white meaé Milk, skim Squash
Cocoa Milk, whole Strawberries
Corn flakes Molasses Tomatoes, red

Egg white Muskmelon Turnips
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