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INTRODUCTION 

Vita~ A as s-uch occurs only in foods of animal origin. The 
vitaminQ.. values of plant foods are due to the presence of one or more 
of~e ~amin-A-actiye earotenoids, which include alpha carotene, 
be~ citen:J gammu carotene,. and ~Typ~oxa~thin..Since these 
fOF. c3:l" enOlds can be';conv('rted mto vIta,mm A 1Il the hve~s of ;'Dan 
art~an Is, they ar(' frt'qllf'ntly ref~rf('d ~o I1S precur.so~s of Yltamm A. 

The c food sourCes of Vltamln A itself (as <hstmgmshed from 
prll'CursorfG!;includ(' fisli liv('r and body oils, mammalian liv('rs and
kt'~eys, a"ct1pose tissues of fowls and mammals, livers of poultry, egg 
y , and iHilk fl1t. . 

,. e richest food sources of the vitamin-A-actjye carotenoids include 
gr~ leaves and deep yellow-colored fruits and vegetables, such as 
CI1r~ts, ptiJfipkin, sw('etpotato, apricots, yellow peaches, mango, and 
paru;ya. 111 average American diets from 60 to 80 percent of the 
vite:thin A value is ti.3rived from vitamin-A-act,ive carotenoids. 

og the four vitamin-A-activc carotcnoids, beta carotene is much the 
m~,3' prominent in~he plant kingdom; alphn carotrne and especially 

J The authors makc grateful aeknowlcdgmento( the laboratory assistance given by:Robert E.Smith, under 
scientific helper, and Helen L. Roumasset, junIor sclcntifIc aide. 
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gamma carotene and cryptoxanthin have a very limited distribution 
in the natura.l foodstuffs of man and animals. . 

Beta carotene is the chief source of vitamin A. value in green leaves, 
carrot roots, and red palm oil. It also occurs in milk fat. A.lpha 
carotene comprises about 10 to 20 percent of the carotene in carrot 
roots, 30 to 40 of that in red palm oil, 25 of that in bananas, and abou t 
15 percent of the carotene in mountain-ash berries. Gamma carotene 
is found in small proportions in carrot Toots and certain green leaves. 
Cryptoxanthin is found in egg yolk, green grass, yellow corn, and in the 
red calyx and fruit of the Chinese lantern plant. 

All vitamin-A.-active substances possess a polyene chain and at 
least one beta ionone ring in their structures. No vitamin A. activit.y 
has ever been observed in substances that do not possess these two 
chemical configurations. 

Vitamin A. has been crystallized at very Icy\,{ temppratures from ethyl 
formate, forming pale-yellow prismatic crystals (2).2 The crystals 
melt at 63° to 64° 0., are optically inactivp and isotropic. The 
average extinction coefficient observ('(1 for vitamin A. alcohol, 

E 1 percent ill' . '"'2' I tIl1 at 328 m Imlcrons was 1, ( 5, eqlllva en to a mo ecu ar cm. 
extinction coefficient of approximately 49,500. 

A. second form of vitamin A, designated as vitamin A.2 and differing 
from the first by the presence of an adelitional-CH=CH- grouping, 
has been found to be the pl'edominating 'form of vitamin A. in fresh
water fish (3). Vitamin A2 pxhibits definitp absorption banels at 280 
and 350 millimicrons. 

The vitamin-A-active carotenoids :.'1'e orangp-yellow polyene 
pigments. Because of their high de~:ee 01 lUlsaturation they, as well 
as vitamin A, are rpadily oxidized by atmospllPri<' oxygl'n, and all of 
these carotenoids may be hydrogN. atcd to saturatpd compounds that 
are colorless. The vitamin-A-acti~ e carotpnoiels posspss the constants 
shown in tab}p 1. 

T ABI.E 1.- -('onstant.~ JOT lIitamin-A-active caToill1Loids 

C'arot!'l.oid 

m,.,. 
a~carotcne __ ~ 4i8. 447. 5 
/'I-carotene 4Sa. 5, 4,:)2, 426 

495, 462, 431 bi:~~~;~~'thin 48.;,45,1 

During its first convpntion ill 193]. tIl(' Pprman('nt Commission 
On Biological Rtnndardisntion of tilp HpnlLh Organisation of the 
League of Nations rccomm{'IHIc'd that cal'ot{'ne be "pl'Ovisionally" 
adopted as an International Stundard of Rt'ft'I'pncp for vitamin A. A 
composited sample· of erystfllline (,31'0t('np served as a stn.ndard of 
reference lUltil furtlIPr knowiPdge I'(>vpnled the fact that this prepara- I
tion was not a pure suhstnnce but a mixture. At its 1934 illtpr
national confel'l'nc(', tlH'I'doI'P, this samp Commission r.doptpd 0.6 
microgram of n. sppeill.lly prepared snmpi<- of pure beta carotene as the 

, Italic numbers in parentheses refer to Literature Cited, p. 30. 
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International Standard of l'{eference for vitamin A. The Inter
national Unit of vitamin A is, therefore, the vitamin A activity of 
0.6' microgram (=0.0006 mg.) of pure beta carotene. A sample of 
cod-liver oil carefully assayed in terms of the International Standard 
under the supervision of the United States Pharmacopoeia Vitamin 
Advisory Oommittee is avail,able as a subsidiary standard. The 
vitamin A values in terms of International Units are, therefore, 
numerically the same as those' in terms of United States Pharma
copoeia imits. 

The vitamin A values of foods reported in the scientific literature 
have not been summarized in this bulletin, but are included in a forth
coming publication of the Department of Agriculture entitled "A 
compilation of the vitamin values of foods in relation to processing 
and other variants." 

By definition then, 1 gm. of pure beta carotene would carry 1.67 X 106 
International Units of vitamin A value. 

In the conversion of beta cal'Otene into vitamin A in vivo the follow
ing equation is theoretically possible: 

04JI562H20 --> 2 02oH2yOH 
1 mol, ,a-carotene 2 mols, vitamin A 

536 572 parts by weight 
1 gm. 1.067 gm. 

If this equation is correct, then the potency of 1 gm. of vitamlli A 
should be 1.67X106/1.067=1.56X106 International Units. 

A biological assay of crystalline carotene made by Dutcher and 
Guerrant (cited by Holmes and Oorbet (4-)) indicates a potency for 
vitamin A between 2,265,000 and 3,400,000 International Units per 
gram. A similar assay made by Emmett (cited by Holmes and Oorbet 
(4-)) indicates a potency of about. 3,000,000 International Units per 
gram of pure vitamin A. Underhill and Ooward (10) made biological 
assays of the anthroquinone-2-carboxylate and of the 2-naphthoate 
of vitamin A, and found that the potency calculated in terms of 
vitamin A alcohol corresponded to 3,181,000 and 3,424,000 Inter
national Units per gram, respectively. All of these assays indicll,te a 
biological potency on the order of 3.0X106 International Units per 
gram of vitamin A, instead of 1.56 X 106International Units per gram 
as demanded by t.he theoretical equation. There is also evidence 
that alpha carotene, gamma carotene, and cryptoxanthin are half as 
active as beta carotene. 

The chief reason for assuming that the conversion of beta carotene 
into vitamin A takes place in vivo by symmetrical fission is the 
superior potency of beta carotene as compared with the potency of 
alpha carotcne, gamma carotene, and cryptoxanthin. If the fission 
did not occur at the central double bond of carotene, we might expect 
the reaction t·· j)roceed as follows: 

O.oHS6 -- 02oH290H +decomposition product!' 
536 286 parts by weigh t 
1 gun. 0.533 gm. 

This reaction would lead to a potency of 1.67X106/O.533=3.1XI06 
Internationd Units per gram of vitamin A. This potency for pure 
vitamin A is as near the biologically estimated potency for vitamin A. 
as could be expected. 



4: TECHNICAL BULLE'fIN 802, U. S. DEPT. OF AGRICULTURE 

The precise chemical processes by which the vitamin-A-active 
carotenes are converted into vitamin A in the animal body are not 
fully undei-stood. Since carotene, as such, has been found in the 
adipose tissue of animals, it would appear that some of th~ carotene, 
at least, may not be immediately converted into vitamin A. It is 
also possible that the animal o'.."ganism may handle vitamin-A-active 
compounds in different ways not understood at this time but which 
yield the more or less constant potencies observed for the different 
vitamin-A-active compounds. 

In making spectrophotometric analyses of vitamin A, the calcula
tions generally assume that 0.3 microgram of vitamin A is equivalent 
to 1 International Unit, a figure assumed from biological assay work. 
In making biological assays of food materials, the measurement of 
physiological potency is made directly by comparison with the physi
ological potency of pure beta carotene. Such potency even when 
derived from a mixture of vitamin-A-active substances requires no 
special calculation and no assumptions with regard to the vitamin A 
equivalents of the substances. It is still a moot question whether the 
physiological potency of all vitamin-A-active materials in man can be 
reckoned from experiments made with vitamin-A-assay rats. 

AVAILABLE METHODS FOR THE MEASUREMENT OF 

VITAMIN A VALUES 


The choice of method bl'st suited to the meaSllrl'mpnt of vitamin A 
activity depends both upon the nature of the material to be assayed 
and upon the particular objective i,he analyst dl'sires to achieve. The 
available methods of measurement include colorimetric methods, 
spectrophotometric methods, and biological assay methods. 

COLORll\IETRlC METHODS 

'fhe intensity of the Yl'llow l'oloration in prepared extracts mrasnred 
against solutions of purr bl'ta earotcrll' or potassium dichromate has 
been used to estimate thl' carotl'nc content and indirl'ctly the vitamin 
A value of foods of plant origin. The aecuracy of this method de
pends upon the care and completeness with which the carotene is ex
tracted from the plant tissul' and frel'd from udmixturl' with xantho
phylls and other yellow pigments possl'ssing no vitamin A activity. 
In order to differentiate tIl(' amounts of thc several vitamin-A-active 
carotcnoids that. might bp prl'sent, it would be nccessa.ry to subject 
the extract to chromatographic fractionation. 

TIl(' so-callcd Carr-Price rNlction is bused upon the observation 
that vitamin A in th(' pre'Se'nel' of anhydrous antimony triehloride 
solution in chloroform yie'lds a blue coloration. The' ('nrot('nes rea.ct 
under the some conditions to produee' a gre'e'nish-blue' ('oloro.tion. All 
substances having the POlYe'lll' stl'Ueturl' givl' color l'eaetions with such 
rcagents as conce'l1tmted sulfurie aeid and oth('r anhydrous acids and 
also with halides of po]yvu]pnt mptals. SE'VI'l'Ul inve'stigatiol1s (6, 
7,11) of this eolo1' reaction ha,VI' been made' as It basis for devdoping a 
method for the estimation of vitamin A activity, giving spl'ciol attpn
tion to details and conditions necessary to obtain qua,ntitative results. 
Whether the blue coloration is measured using It Lovibond tintometcr 
or a spectroscope, the test can only be cOlmted upon to yield a rough 

http:nccessa.ry
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approximation of vitamin A value. When vitamin A and carotenes 
are present in the same samples, special modifications of the method 
are essential. The test can be carried out in a very short time, and its 
chief value lies in eJl.llloratory research and in obtaining a rough ap
proximation of the vitamin A values of oils preliminary to their sub
jection to biological assay. 

SPECTROPHOTOMETRIC METHODS 

Each of the vitamin-A-active carotenoids shows characteristic 
absorption bands in the visible (blue and violet) region of the spectrum. 
The intensity of absorption depends upon the molar concentration of 
carotenoid and the depth of solution through which the light passes. 
The exact position of the absorption bands depends upon the index of 
refraction of the solvent used. Provided the analyses are conducted 
according to the most acceptable techniques available, including 
chromatographic fractionation of the extracts, spectrographic analyses 
of carotenes in food materials are quite satisfactory. 

Vitamin A differs from the vitamin-A-active carotenoids in exhibit
ing no bands in the visible region of the spectrum. Instead it exhibits 
a fairly broad absorption band in the ultraviolet region of the spectrum 
with a definite maximum at 328 millimicrons in chloroform. Under 
appropriate conditions the intensity of absorption in this band can 
be used as a quantitative measure of vitamin A content. 

BIOLOGICAl. ASSAY METHons 

The biological assay methods include the prevention of vitamin-A
deficie'1cy symptoms in animals, the cure of vitamin-A-deficiency 
symptoms in animals, and animal-growth methods. 

The preventive method is based on determination of the smallest 
supplement of the material under test that will just prevent the ap
pearance of xerophthalmia or some other characteristic sign of vitamin 
A deficiency . Very little quantitative assay work on foods has been 
done bv this method. 

FemaJe rats deprived of vitamin A show abnormal estrus with per
sistence of cornified cells in the vaginal epithelium. The cure of this 
condition has been made the basis for attempts to formulate a method 
for the quantitative determination of vitrunin A valc<.Js (1). The 
difficulty lies in estinlating slight responses to small supplements of 
vitamin-A-active substances and for this reason the method is not well 
suited to precise measurements of vitamin A values. 

The so-called single-feeding method (5, 8) consists of providing 
young rats, previously depleted of vitamin A to a stage where growth 
has ceased, with a single dose of the vitamin-A-containing material to 
be tested. The results arc interpreted on the basis of the length of 
survival and the area under the curve relating body weight t.o period of 
survival. In this way it is possible to compare the vitamin A poten
cies of different materials or of a given material with the potency of a 
standard of reference. This method possesses the advantage of pro
viding a biological method for measuring the vitamin A values of 
single samples of perishable materials, probably at some sacrifice of 
accuracy in comparison with more standardized methods. 

The rat-growth method is, of course, subject to variations and in
accuracies due to uncontrollable factors in animal responses. As 

http:valc<.Js
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ordinarily conducted the rat-growth method is really a combination 
of rat-curative and rat-growth responses. For the prefent at least 
biological assays, of which the rat-growth method has been the most 
thoroughly standardized, afford the most reliable means for estimating 
the physiological potency of vitamin-A-active materials. Before 
employing this method, the analyst should make certain that the basal 
ration is complete in all respects except for the absence of vitamin ii.. 
The method is fairly expensive and time-consuming. When perish
able fresh foods are assayed by the rat-growth method using an assay 
period of 4 or 5 weeks, it is necessary to include several successive 
batches of the food under test. In the end, therefore, the result is 
roughly equivalent to assaying a composited sample of several lots. 

Since a biOlogical assay method for vitamin A represents the 
nearest approach to a measurement of the biological value of vitamin 
A and the precursors of vitamin A, the most bighly standardized 
method within this category, namely the rat-growth method, seemed 
to be the logical choice for measurement of these values in materials 
widely represented in human dietaries. The details of this method 
as used for the present study are presented in the following pages. 

METHOD AND MATERIALS USED IN THIS STUDY 

SELECTION AND MANAGEMENT OF ANIl\IALS 

Young albino rats about 3 weeks of age and weighing between 35 
and 40 gm. were kept on a vitamin-A-deficient ration until they 
showed signs of xerophthalmia and had ceased to increase in weight. 
The vitamin-A-deficient ration was composed of the following: 

Grams 
Extracted casein ... __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ ______ __ _ 180 
Cottonseed oiL_ ___ ___ ____ _____ __ ___ _ _ _ _ _______ ______ _ _ 100 
Dried brewers' yenst___________________________________ 150
Salt mixturc_ _ _ ___ __ __ _____ _______ ___ __ _ _ _ _ _ _ _ ______ _ _ 40 
Corustarch___________________________________________ 530 

TotaL _________________________________________ 1,000 

In addition, an oil solution of irradiated ergosterol was added to 
this basal ration in quantities sufficient to provide at least 3 Inter
national Units of vitamin D per gram of ration. 

The animals were fed the vitamin-A-deficient ration ad libitum and 
had access to water at all times. The animals were weighed weekly 
for the first 2 weeks and more frequently thereafter as they approached 
the stage of stationary weight. 

After the animals had remained stationary in body weight for at 
least 3 days, the members of each litter were separated and housf'd in 
individual cages with raised screen bottoms. One rat from each 
litter (the so-ciLlled negative control) was continued on the vitamin-A
deficient ration without supplement of any kind. The remainder of 
the rats from oaeh Jitter werc apIJortioned into carefully matched 
groups and provided three times a week with supplements of reference 
cod-liver oil or of the food item to be nssayed. For most of the nssays, 
two groups of nnimnls wefe given supplements of the food item to be 
testod in quantities such that one group received twice the supple
ment given to the otb'('r group. For most assn.ys, two other groups 
were giv('n L.'nited StaLes Phnrmll<"opo('iu. ref('r(,l1ce cod-liver oil in 
supplements corresponding to a daily dosage of ].0 and 2.0 U. S. P. 
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units of vitamin A, respectively, Or a single matched group was 
given a daily dose of 1 or 1.5 U. S. P. units of vitamin A. 

The reference cod-liver oil was diluted with refined commercial 
cottonseed oil so that 0.1 ml. or at most 0.2 ml. of the diluted product, 
administered by mouth from a graduated tuberculin syringe, would 
provide the requisite quantity of reference standard. The food 
supplements, in weighed portions, were placed in small receptacles 
accessible to individual assay rats. 

During the experimental period of 4 or 5 weeks, the rats were 
weighed once each week. 

PREPARATION OF SPECIAL INGREDIENTS USED IN EXPERIMENTAL 
VITAMIN-A-DEFICIENT RATION 

VITAMIN-A-FREE CASEIN 

To 2 liters of 90-percent (by weight) ethanol in a 5-1iter pyrex 
flask, 500 gm. of dry acid-precipitated commercial casein were added 
and the mixture refluxed with frequent agitation for 1 hour on a steam 
bath. The contents of the flask were then transferred rapidly without 
cooling to a Buchner funnel and filtered with suction. After thorough 
removal of the hot alcohol, the casein was returned to the flask and 
the process repeated, using 1.5 liters of the 90-percent ethanol. The 
casein was refluxed a third time with 1.5 liters of 95-percent (by weight) 
ethanol and finally washed on the Buchner funnel with 1 liter of fresh 
hot 95-percent ethanol. The extracted casein was then spread on ~. 
suitable tray and air-dried. The dried casein was sieved and stored 
in a clean, dry, covered jar to be used as needed. 

SALT :MIXTURE 

Modified Osborne and Mendel salt mixture 

The following solution was prepared in a large evaporating dish 
with the use of heat: 

Iron citrate__________________________________________grams_ _ 29. 5 
Water_______________________________________________ liters__ L 5 
Citric acid crystals___________________________________ grams__ 444. 0 

The following were added to the above solution: 
KI (0.5 gm. in 250 m!.) ____________________________ milliliters__ 40 
MnSO,.4H20 (2.9 gm. in 250 mI.) _______________________ do____ 40 

't NaF (6.2 gm. in 250 ml.) _______________________________ do____ 40 
K2Al2 (SO,), (0.61 gm. in 250 m!.) 

or 
K2Ab (SO,),. 24H20 (1.13 gm. in 250 mI.) _________________do____ 40 
Phosphoric acid C85-percent, sirupy) _____________________do ____ 284 
Hydrochloric acid (36-percent) __________________________ do____ 517 
Sulfuric acid (98-percent.) ______________________________ .do____ 21 
CuSO,. 5H20 ____ : ________________________ ------ ______ grams__ .425 

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

Calcium carbonate___________________________________ gramfL _ 539 
Sodium carbonatc_____________________________________ do____ 137 
Potassium carbonate___________________________________ do___ _ 565 
Magnesium carbonatc__________________________________do_ _ _ _ 91 

The resultin~ salt mixture was dried and ground. These ingredi
ents in quantitieS specified make about 1,700 gm. of dry salt mixture. 
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GROWTH RESPONSE OF ASSAY RATS ON THE VITAMIN.A· 
DEFICIENT RATION PLUS LIBERAL SUPPLIES OF VITA· 
MIN A 

A group of young rats that had reached stationary weights on the 
vitamin-A-deficient ration were subsequently used to test the suit
ability of the basal ration for promo~,ing growth when the ration was 
supplemented with liberal amounts of crystalline carotene. 

Carefully matched litter mates of this group, immedill;('ely after 
having attained stationary weight on the vitamin-A-deficient ration, 
were transferred to a ration composed or dry whole milk and ground 
whole wheat in the proportions of 1:2 by weight, supplemented with 
4.3 gm. of lean beef per rat per day. Salt was added to this ration 
in the proportion of 2 percent of the weight of the wheat. 

150.---~--~r---'---~--~ 

120 

~ 90 
<t 
a: 
(!) 

Z 60 
<t 
(!) 

30 

WE EKS 

FIGURE 1.-Weekly weight increments of vitamin-A-assay rats: A, Rats receiving 
the vitamin-A-defieient ration plus liberal quantities of crystalline carotene; 
E, rats transferred from vitamin-A-deficient diet to a ration of dry whole 
milk, ground whole wheat, and daily supplements of fresh lean beef. ... 

The comparative weight incl'ements of these two groups of l'ats 
are given in fig'ure 1 which shows that the animals in the group receiv
ing thp vitamin-A-deficient ration supplemented with crystalline 
carotene equivalent to 25 International Units of vitamin A daily 
increased in body weight at rates at least as great as those of th·;) ani
mals receiving the milk-wheat ration supplemented with lean beef. 

The first limiting factor for growth of the assay rats, previously 
depleted of their vitamin A reserves by subsistene(' on the vitamin
A-deficient ration, is almost certainly vitamin-A-aetive compounds. 
When crystalline CfI.rotene was administered in liberal quantities as a 
supplement for young rats subsisting on this diet, growth rat('s sub
stantially gr('attw than til(' I'('stl'iet('(l growth mtps induced in the 
assay animals were observ('d.' These facts would seem to indicate 

L 
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that the method used for vitamin assay yielded results which, in the 
main, were fairly good measures of vitamin A. value. This does not 
mean that the vitamin-A-deficient diet was a perfect diet for the 
purpose or that the growth rates of animals receiving food supple
ments in addition to this diet could not have been augmented in some 
cases by other nutrients in these supplements than those which are 
vitamin-A-active. For the present, however, these potential imper
fections in the rat-growth method, although recognized, are generally 
accepted and the method is considered reliable so far as practical 
considerations are concerned. 

Since' animals in the stock colony of this laboratory have been reared 
on the same ration of milk, wheat, and lean beef as was provided for 
the animals of this second e}..'":perimental group and have successfully 
reproduced themselves for many generations, it may be concluded that 
the vitamin-A-deficient ration was of good nutritive value except for 
the absence of vitamin A. No breeding records were studied for 
animals reared on the vitamin-A.-deficient ration supplemented with 
crystalline carotene. 

METHOD OF CALCULATING VITAMIN A VALUES 

U. S. P. reference cod-liver oil was used as the standard of reference 
for the vitamin A values reported in this bulletin. The accepted 
potency of the reference oil used for all but 14 of the values recorded 
in table 2 was 3,000 U. S. P. units (=3,000 International Units) per 
gram. 

For 14 vitamin A values recorded in table 2, the new U. S. P. 
reference cod-liver oil with an assigned value of 1,700 U. S. P. units 
per gram of oil was used as the standard of reference. Since the 
U. S. P. unit is a, generally accepted secondary standard for an Inter
national Unit of vitamin A, the latter designation only is used in 
subsequent discourse. 

The biologic potency of the U. S. P. reference cod-liver oil with 
respect to vitamin A value was repeatedly checked against pure 
crystalline beta carotene dming the course of this study. The six 
assay values obtained for the reference cod-liver oil in terms of beta 
carotene all fell within the limits of the assay values included in the 
average originally used to establish the vitamin A. potency of the 
reference cod-liver oil. 

One biologic assay value was determined for pure vitamin A alcohol 
using pure crystalline beta carotene as the standard of reference. In 
terms of the carotene, 1 gm. of vitamin A alcohol was observed to 
carry a potency of 2,700,000 International Units of vitamin A value. 

The vitamin A potencies of the food items listed in table 2 were 
calculated from the data obtained as described in the preceding 
section of this bulletin. The average weekly weight increases were 
calculated for each group of rats that had received a given daily 
supplement of test food and for each group of the litter-mate control 
rats that had received 1, 1.5, or 2 International Units daily in the 
form of the reference standard of cod-liver oil. If both male and 
female rats were used in unequal num~ers of matched sets, each sex 
was given equal weight. The aYflrage weekly w('ight increments for 
the rats on each level of test food were then plotted against the 

414777°--41----2 
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corresponding daily supplement of test food administered as a vitamin 
A supplement. A straight-line relationship was assumed. for the 
average weekly weight increments intermediate between those induced 
in the paired litter mates that had received the two different levels of 
supplement of test food. The daily supplement of test food, which 
presumably would have resulted in an average weeldy increase in 
weight equal to that induced in the litter-mate controls that had 
received 1 or 2 International Units of the reference cod-liver oil daily 
was then determined by inspection. The complete data for any rat 
were discarded when the average weekly weight increment differed 
from the average of all the rats of the same sex on a given supplement 
by so large an amount that its inclusion would obviously disturb the 
accuracy of the results. In like manner, when an assay rat died 
before the test period was completed, its recoJ'{1 was excluded from 
the calculations. 

A critical discllssion of the faetors thnt nre presumnbly responsible 
for the lack of consistency in response of vitamin-A-assny rats to 
vitamin A supplements to the extent of interfering seriously with the 
precision of till' tests has alI·ead.y been presen tNj by Swanson, Steven
son, and Nelson (9). ExperieI1(Oes gainpd timing the course of conduct. 
of the assays recorded in table 2 aI'(' in accord with the e)..-perience of 
these authors in showing that fn,ilure to plirninn,te vitamin-A-n,ssny 
rats with definitely erratic responsp to vitamin A ndministl'ation will 
most certainly decl'eas!' till' pl'('('ision and I'(·liability of the assay. 

In most cases the avcl'nge weekly \V(·ight incr'cment of the rats 
that received one of the two supplemcnts of the refNence cod-liver oil 
was intermedinte between thosc of thpir litt('r-matp pnirs, which had 
received two different levels of the food itcm under test. In a few 
cases the quantity of test food equivalent to 1 or 2 International 
Units of the I'del'enc.e cod-liver oil l1(,{'pssitn,tpd somp measlll'P of 
extrapolation. It is not feasihlp to prpspnt till' f'xpprimental dfLta for 
each set of pair(,{j litter mates togpthp(, with till' littN-mn,te controls, 
but the average wpight incl'pm!'nts for th(· group of rats on eltch sup
plement of til(' food items and of l'efprel1('(' cod-liver oil are shown in 
tablp 2. 

The evalul1,tioll of til(' yitamin A J)('I' 100 gm. of pneh food ,ras 
. . ~ 1,1.501' 2 Intpl'I1ntional Unitsmade f1.c('ol'dmg to the equatlOll X= ~.~- - A-~--- .100 

wherein X=llllits of vitamin A pel' 100 gm. of food under test, and 
A=grams of test food that prpsumably would induce an average 
gain in weight equivalent to that induced by the 1, 1.5 or 2 Interna
tional Units of vitamin A in the form of refPI'PI1Ce cod-liver oil. These 
values arc giypn in column 2 of table 2. 

DESCRIPT10N AND PREPARATW;\ OF FOOD SAMPLES 

The assays inclucil'ej in tn,hlP 2 n,I'p ('xperimt'ntfLi values dotpl'minpd 
in the nutrition labomtol'ips of the Bureau of Home Economies. 
Most of the assays were made dlll'ing the period July 1938 to DN~pm
her 1940. 

The specimens of foods selected for assay werp obtained from 
various sources. Whm possihle, thpy w('n~ S('cul'ecl direct from the 
producer so that l'pliahl<' datn, rpgn,rding thpir vnl'i('ty, habhat, and 
method of handling would be known. If necessity l'eCjuil'ed thnt til(' 

... 
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product 'be bought on the local markets of Washington, D.O., this 
same information was solicited. The foods were in excellent condi
tion and were selected under the personal supervision of one of the 
laboratory staff. The assay of each one of the foods was made, insofar 
as possible, during its season of greatest abundance. Perishable 
foodstuffs were purchased on the average of twice a week during the 
course of the respective assays. Therefore, in most cases the vitamin 
A. values for fresh meats and dairy products are equivalent to assay 
values of composited samples comprised of 10 or more different 
specimens. 

Only the edible portions of the foods, prepared as for table use, 
were subjected to analysis for vitamin A values. All cooking proce
dures except those used for beef heart and carrots were carried out in 
a saucepan type of pressure cooker at 15 pounds pressure in a minimum 
amount of water and in quantities that would be appropriate for a 
family of three or four persons. The period of time used for the cook
ing was the minimum required to give a satisfactory table product. 
Overcooking was prevented by immersing the cooker, immediately 
after the cooking was completed, in cold water. All cooking liquors 
were included in the assays with the cooked product. When assays 
were made on both raw and cooked foods, paired samples of the same 
products were used. Any storage of perishable foods that was required 
was done at a temperature of -17.8° C. (0° F.). The beef heart was 
cooked by boiling jn a covered saucepan. The carrots were cooked 
in a moderate-sized pressure cooker. 

Although it was not thoroughly appreciated at the beginnin$ of this 
study the details of sampling and handling the specimens of raw 
green leaves had a significant effect upon the vitamin values obtained. 
In order to ensure satisfactory sampling, leaves, because of their 
inhomogeneity, require fme chopping or maceration. When this 
was done for any appreciable time before the supplements of raw 
green leaves were weighed and consumed by the animals, the vitamin 
A values were always lower than those obtained for the same product 
cooked. This difficulty could be greatly reduced by weighing the 
supplements immediately after preparation for sampling and by pur
cbasing fresh samples for each day that supplements were fed. Fur
ther investigation of this matter indicated that the lower values for 
the raw green leaves as compared with paired samples that were cooked 
are due to the presence of an oxidative enzyme in the raw product 
rather than to an increased utiliztl,tion of the carotene in the cooked 
product.

Raw frozen foods were sampled immediately after thawing. Cook
ing of frozen foods was started with the foods still in a frozen condition. 
The juices of the citrus fruits were extracted with a glass reamer 
and then strained through a 16-mesh wire sieve. All liquid supplo
ments, as indicated in table 2, were measured in milliliters and the 
vitamin A values reported as International Units in 100 mI. 

The detailed descriptions of the specimens of food assayed and 
the methods of preparing the samples of tllese to be fed as vitamin A 
supplements are as follows: 

Almond.-Unblanched nut meats, bought on local market during 
June. A a-pound sample was purchased and kept under refrigeration 
during the period of assay. The nut meats were finely chopped 
before sampling. 
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Apple.-Delicious variety, grown in the vicinity of Washington, 
D.O., purchased during October and November. The fruit was 
thinly pared, cored, and finely chopped before sampling. 

Apricot.-Dried Oalifornia, sulfured, stored approximately 3 years 
at -180 0., finely chopped before sampling. . 

Asparagus.-Palm.etto variety, grown in South Oarolina and pur
chased during May. The butt ends of medium green stalks were 
removed before cooking. The 10 lots used for the assay werc finely 
chopped and mixed before sampling. . 

Avocado.-Grown in Florida, purchased during June and July. 
Twelve samples were 1,lsed. After paring and removing the stone, 
the fruit was mashed preparatory to sampling. 

Banana.-Fully ripened fruit grown in Jamaica, purchased during 
May and June. Ten fruits were included in the assay. The fruit 
was peeled and finely chopped for sampling. 

Bean.-Golden Wax variety, grown in Maryland, purchased in 
August. The succulent pods were medium yellow in color. One 
3-pound lot was purchased and kept under refrigeration during the 
period of assay. These were prepared for analysis in the same 
manner as the snap beans. 

Fresh and dry lima beans of Henderson Bush variety, grown in 
Maryland. The fresh limas were light green in color, purchased in 
August; the dry limas were practically white, purchased in June. A 
single 6-pound lot of the fresh limas was cooked, mashed, and kept 
under refrigeration; portions of a single 5-pound lot of the dried limas 
were cooked twice each week and sampled as needed. 

Snap beans, Early Bountiful variety, green fleshy pods, grown in 
Florida, purchased during December and January. Twenty-one 
paired samples were used for assay of raw and cooked products. The 
ends and strings were removed, and the beans finely chopped before 
sampling. 

Navy beans, Michelite variety, dry mature seeds obtained from the 
Michigan Agricultural Experiment Station. A single 5-pound lot 
was used for the assay; prepared and sampled in the Sll-me manner as 
the dry lima beans. 

Beef.-Round steak, bought during February and March, 16 
samples represented. All visible fat was removed before cutting into 
small pieces for sampling . 

. Beet.-Detroit Dark I{cd variety, grown in Maryland, purchased 
during August and September, 16 samples represented. Roots 2 to 
3 inches in diameter, were thinly pared and finely chopped before 
sampling. 

Beet greens.-Wonderful Early Spring variety, leaves were dark 
green, grown in Maryland, purchased dUl'ing ,July, 10 samples repre
sented. After cooking the leaves were finely chopped find mixed 
before sampling. 

Blackberry.-·-Lal'ge juicy berries, grown in Sout.h Carolina, bought 
during June and July, 15 lots represented. 

Blueberry.--A commercially frozen, unsweet.ened produet, packed 
in New York, purehased in ,June, stored at -18 0 C. until October. 
Four separate I-pound pnf'll:llges Wt']'\;, repres('nted in the assay. 

Broccoli.-·A single lot of 12 lllrgc bunches WIlS bought on the local 
market in June. After cooking the vegetnble the blue-green flower 
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portions and the tender leaflets adjacent to the stocks were separately 
chopped, stored at -180 0., and used as needed for -the assays. 

Brussels sprouts.-A commercially frozen product bought in June. 
The sprouts were medium green in color. Oooked product only was 
assayed. Two separate 2-pound packages were represented. Portions 
of the frozen product were cooked twice each week, finely chopped, 
and mixed before sampling. 

Butter.-Summer-produced butter was obtained in three packs, 
two from large local dairies and one from the Bureau of Dairy Indus
try during June. Successive samples were used from these sources 
each week. Winter-produced butter was secured during January 
from the same sources as summer-produced butter. V\Tinter-market 
butter was bought in three lots from three large local grocery stores 
during winter season; sampling was conducted in same manner as in 
the case of summer butter. 
Cabbag~.-Red Dutch variety, grown in California and bought on 

local market during May. Eleven heads were represented in the 
assay, and the samples were prepared as described in the case of 
summer cabbage below. . 

Summer cabbage, probably Oopenhagen Market variety, grown in 
Florida, bought on local market during April and May. The entire 
heads, except for the core, were finely chopped before sllmpling. 
Ten separate heads were represented, each having green outer leaves 
and bleached inner leaves. 

Carrot.-Bought from local grower in September and October. 
Eleven samples were represented in the. assay. Each carrot was 
thinlv scraped and cut in half. One piece was used as raw while the 
other was cooked in a large pTessure cooker. The samples were finely 
chopped before feeding. 

Caulifl.ower.-Probably Snowball variety, grown in Oalifornia and 
purchased on local market during April. The leaves were discarded 
and the flowers finely chopped and mi.x'ed before sampling. Ten 
heads were represented. 

Celery.-Probably "Golden Self Blanching" variety, grown in 
Florida, purchasrd on local markets during 1·£arch and April. The 18 
lots used for the assay were finely (-hopped, crisp, bleached stalks, all 
leaves excluded. 

Chard, Swiss.-~Largf' Ribbed '''Thite variety, grown in Maryland, 
bought on local market; during July. Leayes were medium green. 
After discarding the stems the tops were cooked, chopped, and kept 
under refrigeration during the period of assay. Samples for the 
assay were taken from three 2-pound lots. 

Cheese.-American Oheddar, marie by Bureau of Dairy Industry in 
April. Three 1-pound cakes were used alternately during the assay 
period. 

Swiss cheese, unprocessed, light yellow in color, bought on local 
market during February. Five samples were used for the assay . 

Cherry.-Windsor variety, grown in Maryland, purchased on local 
market in August. The fruits were deep red in color, one-half inch 
in diameter, smooth, and juicy. The stones were discarded before 
sampling. One 5-pou nd lot was used. The fruit was kept at -180 O. 
from date of purchase and during the assay period which occurred 
3 months later. 
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Chicken.-Raised locally, bought on local market in March. The 
light and dark meats were fed alternately in carrying out the assay. 
All visible fat was discarded and the meat cut into small pieces for 
sampling. Twelye specimens were used for the assay. 

Chocolate.-Unsweetened, baker's, bought on local market. One 
cake was used for the assay. 

Clam.-Oherrystone, shipped from Boston in August. The speci
mens were cut into fine pieces for sampling. Samples from nine 
lots were used for the assay. 

CoUard.-Probably Georgia variety, grown in Florida, purchased on 
local market during December and January. The leaves were 
medium green in color. Large ribs of the leaves were discarded and 
the remainder of the vegetable finely chopped and mixed for sampling. 
Seventeen separate lots were used in the assay. 

Corn.-Lancaster variety, dried field corn, grown in Maryland, 
deep yellow grains; whole grains were finely ground for sampling. 

Cowpea.-Whippoorw:ill variety, packaged dry mature seeds 
bought on local market in June. Product was eooked once or twice 
each week and mashed before sampling. Portions of three I-potmd 
lots were included in the assay. 

Cranberry.-Large, firm, red berries grown in New Jersey, pur
chased on local market dlli'ing October, November, and December. 
The fruits were finely chopped for sampling. Twelve lots were 
included in the assay. 

Cream.-Local product, grade A, pasteurized, homogenized, com
monly sold as coffee cream, purchased, successively from three large 
local dairies dming Septembm' and October. Fresh samples used for 
each feeding. 

Cucumber.-Davis Perfect 'Variety, grown in Florida, bought on 
local market during June and July. The specimens were pared and 
finely chopped for sampling. Eleven samples were included. 

Currant.-Fresh, juicy, bright red fruits, grown locally in June, 
and bought on local market. The currants were kept frozen dming 
the assay period, which started immediately following. their pun·hase. 
One 3-pound lot was used dming the assay. ' 

Dandelion greens.-Medium green leaves, cultivated in Florida, 
purchased on local market. After cooking the leaves were finely 
chopped, mixed, and kept frozen. One 2-pound lot represented. 

Date.-Deglet Noor 'Variety, tree-ripened, unprocessed fruit stored 
for 7 months at 280° F. This variety is white fleshed near the seed. 

Saidy variety, processed 2 to 3 days at 130° F., held 3 weeks in 
common storage, 5 to 6 months at 28°-34°., and then held 3 weeks 
in common storage. This variety is yellow fleshed near the seed. 

Both varieties of dates were supplied by the United States Date 
Station at Indio, Oalif. The entire edible portio;ns (skin and pulp) 
were included in the material assayed. One ·5-pound lot of each kind 
of date was used. 

Eggplant.-Fort Myel' Market variety, obtained on the local 
market in June. The specimens were pared and finely ehopped 
before sampling. Ten samples were included. 

Egg yolk.-From summer-produced eggs purchased in late June 
from 18 different sources, including nearby farms and local markets. 
The winter-produced eggs were purchased in March from 21 different 
sources, including nearby farms and local markets. In each case the 
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yolks were separated from the whites with special care to make the 
separation as complete as possible. The average weight of the yolks 
of both summer and winter eggs was 19 gm. The average weight of 
the whites of winter-produced eggs was 39 gm., and that of the summer
produced eggs 32 gm. The average edible portion of the whole winter 
eggs weighed 52.8 gill., while that of the summer eggs weighed 50.8 
gm. A different egg yolk was used on each feeding day during the 
assay period. After removal of the chalaza the yolk was thoroughly 
mixed, the requisite amount weighed on a watch glass and mixed 
with small portions of the vitamin-A-deficient diet for feeding. 

Endive.-Curled, grown locally, obtained on the local markets in 
July and August. The bleaching of the leaves in the different lots 
V'fl.S not uniform. Some were a deep green, wbile others were almost 
colorless. The vegetable was chopped finely before sampling. 
Twelve separate heads were used. 

Fig.-Lob Ingir variety, grown in California, packaged, purchased 
on the local market during December. The fruits had been pulled 
and then dried unsulfured. The whole fruits were finely chopped for 
sampling. Three I-pound packages were used. 

Fish.-Fresh haddock and mackerel fillets, shipped from Boston, 
bought once a week during June. The flesb was macerated for sam
pling. 

Canned United States brands of sardine and yellow fin tuna obtained 
through the Bureau of Fisheries on local markets in April, and believed 
to be packs from the previous year. Both kinds of fish were canned 
in cottonseed oil. The oil was poured off and discarded. Three 
3.25-ounce cans of sardines and three 13-ounce cans of tuna fish were 
represented. 

Gooseberry.-Grown in Maryland in July, bought on local market. 
After removing the calyx and stems, the fruit was placed under 
refrigeration during the period of assay. The berries odginally had 
a trace of reddish color which deepened during the storage. One 
2-pound lot. of berries was used. 

Grii.pe.-Tokay variety, grown in California, purchased on the local 
markets during December and January. The seeds were removed 
and the fruit carefully cut into pieces. Sixteen lots of grapes were 
included. 

Grapefruit juice.-·Florida grown fruit, purchased during December 
on local markets. The fruit was fully ripened and heavy juiced. 
Strained juice was analyzed. Juices of seven fruits were included. 

Heart.-Beef, bought on local market during September. The 
visible fat was removed and the heart cooked. After cutting into 
small pieces the meat was kept under refrigeration during the period 
of assay. Samples from three hearts were included. 

Honey.-Produced from sweet clover grown in Michigan the pre
ceding year, obtained thl'ough the Bureau of Entomology in May. 
The honey included the comb. Honey from three I2-ounce frames 
was represented. 

Kale.-Blue Scotch variety, grown in Florida, purchased on the 
local market during March and April. The leaves were deep ~reen 
in color. Large .ribs of the. leaves were discarded and the remalllder 
of the leaves finely chopped for sampling. Thirteen separate lots 
were included in the assay. . 
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Kidnay.-Beef, bought on local market during February and March; 
outside visible flit was remo\-ed and remainder cooked and finely 
ground. Six samples were used during the assay period. 

Lamb.-Lean portions of loin chops purchased during May and 
June. Eleven snmples were used. 

Lemon juice.-From California fruits purchased on the local market 
during December and January. Juices from 10 fruits were included 
in the assay. 
, Lentil.-Packaged, dried, matured seeds, purchased in June. 
Portions from three I-pound paekages were cooked two to three times 
each week and mashed before sampling. 

Lettuce.-Ieebf'rg variety, grown in Florida and ArizollB., purchased 
on local market during April and May. The cores of the heads v,'ere 
excluded from the assay. The 1"('mflinder of the green flnd bleaehed 
lea,ves were then finely chopp('d for sampling. Twelve s('parate heads 
were included. 

Liver.-Beef, purchased on local mark('t dming April. Each lot 
was cooked and finely ground. Seven samples wer(, included in the 
assay. 

Chicken, bought on local market during .January and February. 
Prepared in same mantwr ns beef liver. Seven samples were included. 

Milk.-Commerciall~T eYflpornted, sweetened, condensed, dry skim, 
and dry whole milk were bought on loeal mnrk('ts during Mnl"eh, 
May, and June. The pllsteurized fluid skim milk (fnt content on the 
order of 0.02 perc('nt) and grude A, pnst('urized, fluid, whole milk 
were bought from lflrg(' loeal dniries, the skim milk in Jul~7 and the 
whole milk during Mnrch lind .July, 1"('sp{'(,tin·ly. Tlw fluid skim nnd 
whole milks repres(>nt(>d lots from three difi'(>r(>nt dniri(>s. 

Molasses.-A well-known cnDned eommerciai product, pUl"ehnsed 
locally in 'March. This spceinwn wns brown nnd of n type widdy 
used in baking. The supplements of molnss(>s w('re mixed with the 
vitamin-A-defieient ration for feeding. Two I-pound ('nns of molass(\s 
were repl'escn ted. 

Mushroom.-Agaricus ca,mpestl'is, grown in the south and bought 
on the local llInrket in ~lay. The fungi were chopped fine for sam
pling. Seven lots of mushrooms were us('d. 

Muskmelon,-"-i{ocky Ford \'ariety, grown in Colomcio, purchfls(>d 
on local market during August Iwd S('pt(>miwr. Th(' speeim('ns had 
a bright orange-colo]"NI flesh Iwd a gray and gl'('('n rind_ The edible 
portion WitS us('d to within about one-fourth of an inch of the rind. 
This was finely choPJ)('d for sampling. I<Jight melons were r('presented. 

Mustard greens.- ,Spe('imens of mcdium-grc('n lea\'es, pnrchased 
tlu·ee times a week during October, November, and December. Prep
aration for snmpling was the samp as for kale_ 

Oatmeal.~'-Paekaged, eommereial "quiek-eooking" oatmefll, bought 
on local market during March and April. Three I-pound pnckages 
were represented. 

Okra.-Dwarf Green Prolifie Yaril'ty, grown in the Gulf States, 
purchnsed on the lo('ai market in April. After remo\'ing the stems, 
the vegetable was cooked, ('hopped, nnd mixed for snmpling. Ten 
lots were included. 

Olive.-Green, Spanish olives, bottlN\ in N(>w York, bought on 
local market in April and ~I[ay. The stones were removed and the 
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flesh finely chopped for sampling. Three 3-ounce bottles were 
represented. 

Onion.-Bermuda variety, grown locally, purchased during July 
and August. The thin outer skins of the mature white-fleshed prod
ucts were discarded and the flesh finely chopped for sampling. 

Orange juice.-From fully ripened fruits, Pineapple variety grown 
in Florida, and Navel variety grown ll!. California, both varieties 
bought on local market in December and January (1939-40). 

Two shipments each of tree-ripened, Parson Brown and Pineapple 
varieties, supplied October :36 and November 24, 1939, and January 
8 and 26, 1940, by the United States Agricultural E)..-periment Station 
at Orlando, Fla. Each lot consisted of 500 fruits, except the first which 
inCluded 81 fruits. After juil·ing, the samples from each shipment were 
pooled and kept frozen during the period of assay. 

Oyster.-Extra standard, Woodfield, purchased on local market. 
Samples were finely ground, raw. Seven samples used 1'01' the assay. 

Parsnip.-Probably Hollow Crown vat·iety, grown in Maryland 
and bought on local market in March. The mots were scraped, 
cooked, mashed, and placed under refrigeration for the period of 
assay, which was made during ApriL One 5-pound lot was used. 

Pea.-Green peas, commercially frozen, purchased on local market 
during January, and kept frozen during the assay period. Thirteen 
samples wer(' taken from ten I-pound packages. 

Packaged, dried, green split seeds, bought on local market in June. 
Before sampling, they were cooked and mashed. Three I-pound 
packages were used. 

Peach.-Elberta free-stone variety, yellow--fieshed, fully ripe fruits, 
grown in lvlaryland, purchased on local market during August and 
September. The skins and stones were discarded and the fruit 
chopped and mLxed before sampling. Tlurtecn fruits were included. 

Packaged dried peaches, grown in California, pl\l'(·hased in June 
on local market in three ll-ounce packages. The fruits were yellow, 
sulfured, tenderized, had had 3-percen t moisture added, and had been 
tree-ripened. They were cut into small pieces for sampling. 

peanut.-Spanish, bought on local market in December. After 
removal of the thin red skins, the peanut butter was prepared by 
roasting the peanuts at a temperature of 1900 C. for 20 minutes. 
They were then finely ground and placed under refrig('ration. One 
3-pound lot was used for the assay. 

Pear.-Bartlett variety, grown in California, purchased on local 
market in October and November. The fruits were pared and cored 
and finely chopped before sampling. Sixt('('n fruits were represented. 

Pecan.-Unblanched, grown in Texas, bought on 10('0.1 market in 
June. They were kept under refrigeration during the period of assay. 
The nut meats were finely chopped for sampling, One lot of 3 pounds 
was used. 

Pepper.-Wonder variety, grown in California, bought on local 
market in August. After removing the stems and seeds, the peppere 
were finely chopped and mixed for sampling. Seven samples were 
used. 

Persimmon.-Solid Gold Hachiya variety, grown in southern 
California and bought on local market in June. The fruits wen' 
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orang<l-colored, juicy, and averaged 1% inches in diameter. They 
were kept frozen up to and during the period of assay, which was 
made 10 months later. One lot of 18 fruits was used. 

Pineapple.-Sugar Loaf variety, grown in Florida, purchased on 
locll.l market during October and November. The samples repre
sented the chopped flesh without parings or core of fully ripened 
fruit. Sixteen fruits were represented. 

Plum.-President variety, grown in California, purchased on local 
market during October and assayed in January. The fruits were 
large, juicy, and slightly over 1 inch in diameter. The flesh was light 
yellow in color. The skin and stones were discarded before sampling. 
The fruit was kept frozen up to and during the period of assay, which 
was made during January. One 5-pound lot of fruit was used. 

Popcorn.-Probably Queens Golden variety, grown in Indiana 
probably 2 years prevIous. The yellow rounded kernel was medium
sized, with mediull1 hull and texture. Onp I-pound lot was used 
during the assay in Octob(,1" and Novemher. 

Pork.--FI·esh lean loin chops we1"(, purchns('d during Fehrunry and 
:March on local market. All visiblr fat was discarded. Eight('cn 
chops wpr(' 1'epres('n tNI. 

On('-quarter-pound lots of salt pork wer(' purchasrd on 10('nl llla1'k('t 
during ,Jnnua.l·;\' and Febl'llnry. Th(' samples were ground for fppding. 
Fou1'tpen lots wp1'(' rpprespntpd. 

Potato.-'Yhite, Irish Cohblp1' vari('ty, grown in M aiIw find obtailwd 
through the BUJ'('au of Plnnt Industl'Y, latp in Odober. Thp tul)('l's 
were thinly PIU·(,(l. The <,ookNI onps W('I'p Il1nshpd for sampling, while 
the rnw wpr(' finel;\~ chopppd. OIl(' IO-pound lot, kppt at I'oom tPll1
pern tu I'P, was uspd. 

Prune.-Packngpd driNlfl'uits, grown in C~.~!forniH, purchHsed in 
June on 10cHI market in threp 11-ount'e pfickfigPii. The fl'llits wpre of 
averag(' size, good quality, tencit-I·iz('(\. Both skins and pulp wrrp 
included in the samples assll;\'('(1. 

Pumpkin.-~{'ommon fipld 01' Big Tom variety, grown in :\laryland 
and plll'('hasNj in ,In.nunry Oll local mnl'krt. Th(' lI('sh was (\('rp .\'Pllow 
in ('0101'. 'I'he edible portions of three lal'~e pumpkins wel'(, thinly 
pal'pd, ('ook('(l, mixrd, and held in a frozen ('ondition for the ilSSIL" 
period, which WIlS 2 mont,hs Inter. . 

Radish.~~Scariet (101)(' Vlll'ipty, ~rown in Maryland, bought on local 
market iu ,July. Th(' spp('illlens WPI'P smnll, round, Ilnd red in color. 
Bpfor(' snmpling-, thpy w('re finely ('hopped IUHI well mixed. NiHp lots 
of rad isl1PS werp USN\. 

Raisin.-- ,Suital1inn vllriet~·, grown in CnlifoJ'Jlin, pU1'c1l1lsNI in .Jallu
ary OIl lo('al market. 'I'lw ('lltir(' fruits WI'1'(, fil1('ly cut Ilnd mixed 1)('
fOI-(, snmpling. 'I'hl'('e I-pound pnekllg<'s W(,1'(' l'ppl'ps{'nted. 

Raspberry.---Fl'psh, juiry, black nnd I'pd bplTi('s, bought on 10('111 
mal'k{'t in August Ilnd .June, r('Slwctiyply. 'I'll(' bluck fruits were 
grown in ('IlIifc)I'nill, whilp th(' 1'l'C1 0l1p8 ('IUlIp from N l'W .J('rsev. Th(' 
fruits were kept frozen during th(· IlSSILY period. Six I-pint boxes of 
each kind of fruit werp rcprpS(·ntNI. 

Rhubarb.---:v[ynt.t's Victoriu variety, grown locally, purehlls('(1 dur
ing April. After disclll'd ing th(· Ipll ves, til(' stt'lIlS \\'pre finely chopped 
and mixed bcfol'p sumpling. Eight lots werp repres('nted. 

Rice.----Pa('kagcd, bl'Own, purchased on lo('al mar'kct in June. It 
was finely ground and incol'pol'llted into the diet by substituting the 
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riee for a suitable proportion of the starch used in the basal ration. 
Three l-pound packages were represented. 

Rutabaga.-American Purple Top variety, grown in Maryland, 
bought on local market in February. The roots were light yellow in 
color. They were pared, sliced, cooked, and m1.l.shed, and kept frozen 
until the assay was completed in April. One 5-pollD.d lot was used. 

Rye.-One 5-pound lot known as No.2, according to Federal In
spection, obtained in May from a local dealer. The whole grain was 
finely ground before sampling. 

Sauerkraut.-Commercially canned in New York, bought during 
May on local market. The total contents of the can were mixed and 
chopped for sampling. Six I-pound cans were represented. 

Scallop.-Purchased on local market, finely chopped and mixed and 
kept under refrigeration. Four separate I-pint lots were used. 

Soybean.-Sousei variety, dried, mature seeds, obtained from Ar
lington Experimental Farm in March. Samples were cooked and 
mashed twice a week. One 3-pound lot was represented. 

Spinach.-The commercially frozen product, purchased in Febru
ary on local market, kept frozen during the assay period. The leaves 
were dark green in color and included the more tender portions of the 
leafstalk. The spinach was chopped and mixed for sampling. Twenty 
samples were taken from four 2}~-pound packages. 

One lot of fresh spinach from local market was washed and divided 
into two matched samples. One sample was dried without cooking 
and the other, after it had been rooked. The assays were. made and 
recorded on the basis of the dehydrated produets which con tained from 
3 to 4 percent of moisture. 

Squash.-Summer Crookneck variety, grown in :Maryland and pur
chased on 10eal market during August and September. '}'he entire 
squash was cooked and finely chopped for sampling. Fourteen 
samples were included in the assay. 

Hubbard, commercially frozen eooked produet, purchased on local 
market during July in three 2Yz-pound paekages, which were kept 
frozen during the assay period. 

Strawberry.-Klondike variety, grown in Pennsylvania and pur
chased on local market during June and July. The whole of the fresh 
berries was finely chopped for sampling. Sixteen lots were used. 

Suet.-Samples were locally produced. Assays were made using 
samples from seven Yz-pound lots bought on local market in May. 

Sweetpotato.-Nancy Hall variety, produced by the Bureau of 
Plant Industry at the Beltsville Research Center. The samples were 
obtained in late October and were medium yellow in color. The 
cooked ones were mashed for sampling, while the raw were finely 
chopped. The lO-pound lot, used for sampling, WaS kept in an attic 
storeroom during the period of assay. 

Tangerine juice.-Juice of medium-sized fruit grown in Florida and 
purchased on local market in January. Ten samples were used during 
the assay period. 

Tomato.-Marglobe variety, fresh specimens for one assay produced 
by the Bureau of Plant Industry at the Beltsville Research Center, 
and for a second assay hought on local market. Assays made during 
October of 2 succeeding years. 
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Turnip greens.-wfedium dark-green leaves purchased on local 
market during March and April. The entire leaves and a small part 
of the stems were finely chopped and well mixed before sampling. 
Nineteen samples were represented. 

Walnut.-Persian (English), large filTn meatfi bought without shells 
on local market. The nut meats were kept under refrigeration and 
finely chopped for sampling. One 2-pound lot was l·epresented. 

Wat3rmelon.-Bought by the slice on local market during August. 
The fruit was fresh and ripe. Small pieces were carefully cut free in 
order to save the juice. Twelve samples were represented. 

Wheat.-Prolific variety of "feed wheat," grown in Maryland and 
obtained from a local mill in .Tanuary, One 3-pound lot was finely 
ground before sampling, 

Wheat germ.-Obtained from a local mill in .Tanuary, On(' 2-pound 
lot, kept under refrigeration during USSHY Iwriod. 

The vitamin A values fol' lill' 128 common food itC'ms listed in 
tabl(' 2 represent, fol' the most pa.n, tLlIalysps of composited samples of 
the respective food items. In a few ('nSt'S, as stated in the description 
of tIl(' sampl('s, the nssays were mitde on fl single lot of food. 

Vitamin A assays of foods from animal SOUl'ces are subject to certain 
difficnlties not especially prominent in flssays for other vitamins. 
For exampIC', in the assays of bN,f kidn('~T a. wide range of variation 
was encountered. In a first trial thl' supplC'ment levels were ohviously 
too large. On the basis of this information, t1 second assay was 
:nitiatecl, but the second lot of samples, on the average, was much 
lower in vitamin A value than that of the first lot, and again the 
supplement levels were unsuitable. A third lot agreed more nearly 
in vitamin A value with the first lot and the value given for beef 
kidney in table 2 represents the assay of this third lot. This same 
situation could certainly have been true of livel' samples, so that the 
values given for kidney and liver probably I'pfiect only a more or less 
chance vulup for this item cOlTesponding- to the particular feeding 
methods uspd for the beef cattle reprpscnted by thpse samples. It 
seems reasonable to suppose tha.t foods from animal sources that are 
impOl.'tant carriers of vitamin A am more subject to wide variations in 
vitamin A values than are foods from plant sources, 
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TABLE 2.-The vitamin-A-assay values of foods 1 

[Estimated precision, 30 pereentj 

I Summary of experimental data 

l:---------~------~ 
Group of rats fed reference Group of rats fed designated 

Vitamin A ! cod·liver oil food supplements 
perI~Ogm.!I_____-.____-._______I_____-r______~______ 

Food (edible
portion) Average

Amount !~~r~r~ Amount weight 3 
Rats 	 fed per Incre- Rats fed per incre· 

rat per ment per rat per ment perdayday rat 	 rat 
----_·_----1-----------------1,---

Num· Grall,. l.VtL1n~ Afilli· Grar... 
Almond (Amvgdalu$ communis): I. U. ber 1. (l. per week ber gram. per week 

Unhlunehcd " ... ,." ,,_.,_••__• o 3 1.0 4.4 5 1,000 (5D) 
Appl" <"\falu8 811Ir'8tri,): 

Fresh. Delicious .... "'_ caW 3 1.0 4. 9 5 1,000 1 
Apricot (Pmn1J.8 armeniaca): I 

5,SOO; 2 1.0 5.6 5 6 2. 3
Dried •.•".•. ,- •• "." .....--. L 4 2.0 8.\1 5 12 4. 6 

Aspa.ragus (A.paragu. ot/idnali.): 
1.0 7.0 j 6 120 8. 2 

Fresh, Palmetto, cooked...__ L.--...~. 2.0 15.9 , 7 240 18. 8 
Avocado (Persea spp.): \ I

3\ 1.0 8.4[l 3 600 f 6. 1
Fresh .......".,____ •. ___ ... L......l~. 
 3, 	 2.0 12.9 2 1.200 , 13. i 

Banana (J.fma 8apientum): 	 I 
en 400 I 6 1.0 8.6 i 7 342 13. 4

Fresh._...................... { 

\) 2.0 [H.S]! 6 684 15. 0 

Bean (Pha..a/u8 5PP.): 
Fresh: 

4 	 1.0 4.4 4 1. 4120 I
Golden Wax, cooked. " L......~~~. 2 	 2.0 10.1 240 3. 5 

4 	 1.0 6.11 150 I 2. 2L=ke!en.der~on B~~, L....~~~ 4 	 2.0 13. \I 300 5. 6 
8 	 1.0 9.2 120 10. 8s~7;:;te~~,.~_~rlY ~o~~. L · 1,200 	

!I 
9 2.0 12.9 6 l 2tO 15. 8 

Snap, green, Early Boun· { 2,000 \I 1.0 S.O t\ ~ 120 11. i 
tiCul, cooked... . " ....... _. . 9 2.0 1l.2 6 240 14. 5 

Dried' 
Limn, Henderson Bu..h, 

cooked ".. o 1 1.0 9.0 o 1,000 (5 D ) 
Navy. Michellte, cooked. o 3 1.0 8.4 () 1,000 ' -5.5(4 D ) 

Beef: 
Fat (sec Suet). 
Mu.~cle. lean .... _. o 1.6 9. II 1,000 -.6(lD) 
Orgnllll (see Heart, Kidney, 

etc.). 
Beet (Beta vulgari.): 

Fresh, Detroit Dark Red . ". <100 1.0 1.3 1,714 1.2(1 D ) 
Beet greens: 

6 	 1.0 7.6 o 6 7. 4Fr~~ing, !~~~~hI\....~~~~:. L.. ~6, 100. 7 2.0 13.0 7 12 12. 8 
Blackberry (Rullu. spp.): 

6 	 1.0 8.4 517 2. 0Fresh •••.•_•••_•••• ____••••.• { 

.,. --~ , 
 98.S , 6. 3 

Blueberry (Vacclnlum sPp.): 
Frozen...____._. __..._.__ .... 1.0 6.4 7 1,000 I -.8(3D) 

See footnot(!8 nt end of tuble. 
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TABLE 2. -The vitamin-A-a88ay value3 of food8 I-Continued 

Summary of experimental data 

Group of rats fed reference Group of rats fed designated 
Vitamin A cod-liver oil food supplements 

lO°Fe'Food per(edib e 
portion) Average AverageAmount Amountweight' weight'fed per fed perRats incre- Rats incrernt per rat perment per I mentperday dayrat rat 

Breccoli (Br<J8rica oieracta bolrv
113): Num- Gra7M Num- MiUi- Gra7M
Cook~: I. U. btr I. U. per wttk ber gram.! ptr wttk 

Flowers__________________ L 3,500 5 1.0 5.6 6 30 6.6 
6 2.0 11.9 6 60 12.4 

Leaves___________________ 5 1.0 5.9 6 6 4.0 
5 2.0 11.6 6 12 5.2 

Brussels sprouts (BrlUttica oltracta 
gtmm/fera): ! 

L--:~~~-
Frozen cooked________________ 640 5 1.0 4.3 5 240 5.6L.. _.- 5 2.0 6.7 5 480 9.2 

Butter: ! 
9 1_0 I 5.7 7 25.7 7.2Summer-produced__________ 

11 2.0 I 8.6 7 51.4 11.8 

Winter-produced___________ { 
L---~~~_ 

3,650 8 1.0 7.4 6 30 7.6 
7 2.0 12. 5 6 60 13.5 
9 1.0 5.8 6 167 12. 7Winter-market. _. ___________ L~_3:.~_ 2.7 111.8J 7 334 14. 5 

Cabbage (Brtuo/ca spp.): !Fresh: ! i iRed Dutch____________ ca40 --. ---- 3.2 5 1,300 I 3.4 (I D)0.51 
Summer_________________ 5 1.0 4.6 3 240 -1.8(2 D) 

4 2.0 14.0 4 480 -.1L--'_~~~_ 
6 1.0 4.6 5 240 .2{1 D)Summer, cooked . .- _____ {____ .I:~- 5 2.0 4 480 3.213.4/

Carrol (Daucu. carola): 

{ ca 10,000 7 1.0 4.6 • 3 5 2.4 
Fresh ___ •• ___ • _____________ 

---~---- -------~-------_ .. 5 10 4.7 ,---------- - ---1-· .. ---_.'" .. - .. 7 20 5.7 
2 5 1.6 

Fresh, cooked_._______ • ___ ._ 5 4.2.F~~~~~- ---..-~-I: ....~~\ .-___ ~~~_ 10 
4 20 7.1 

Cauliftower (Brtu.ica oleracea 
holrvllo): 

----------- -----.-- _._------,----------

Fresh ______ ••__••••________ ca70 3 4.6 7 1.00(, 3.3 
Celery (Apium uraDtoltn.): 

1.0 I I 
Fresh, bleached stnlks______ 0 4 1.0 7.6 6 1.000 ,-2. 0(5 D) 

Chard (Btla Iluiuari.) : 
Fresh, large, Ribbed White, 3 1.0 7.4 4 15 12. 9 

cooked ___________ • _.,. __ 3 2.0 12.1 3 30 14.3 
Cheeae: 

.-I.merlcan Cheddar_________ 

L--~~~~. 
3 1.0 7.7 5 100 9.2 

5 200 18.7 
Swiss ____ ..__________________ r 2, 680 3 1.5 10.5 6 60 10.8 

L-..~'-~. 
1. .... -...-- 6 120 14.6 

Cherry (Prunuo spp.): 

Fresh, Wlndsor______• _______ { 9<80 1,0 3.7 6 300 .5{4 D) 

~ ... --- ,~- ------,.-.- ---- ..... . 6 600 -1.6(lD)~-- ~-------

Chicken: 
Muscle,loan__________ ••••• · Nil 6 1.0 6.-4 6 1,000 J 2. 9(4 D) 

Seo footnotes at end of blhle. 
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TABLE 2.~-The vitamin-A-a88ay values of food8 I-Continued 

Bummary oC experlruental data 

Group oC rats Ced reCerence Group oC rats Ced designated 
Vitamin A cod·liver 011 food supplements 
lJl'r100gm·I___,--__..,-___I-__,--__--,.____ 

Food (edible
portion) Average AverageA 	 Amountmount weight I weight'

Rats Rats lncre·Ced per Incre. red per 
rat per ment per rat per mentperdayday rat rat 

-----------1·----------1----1·---1----1--
Num- Gram& Num- },,[illi· Gram& 

Chocolate: T. U. ber . I. U. per weel<' ber gram. per week 
4 I 1.0 8.8 f 4 1.000 3.0 

Unsweetened, bilker's .••.••• L....~.~.; 2 2. 0 14.6 •••.•.•_ .•..•• "" ••••.•••••• 
C~m: 	 I 

3 500 6.5 
Fresh,Cherrystone..... __•• L.... ~.i..••• ~•••... I.O-,- ••.•.~~~. 6 1,000 16. 2 

Co~d (Branien oleracta a.epA· 
ala); 

6.0 3.2Fresh.................... r 18,800' I~ 1.0 I 

2.0, 12. 0 6.0!:: Ii ~ I 
1.0 4.5 6 6.0 3.5 

Fresh, cooked •.•••.•••.•.•••• C~~~2~~~1 : ; 2.0 6.8 6 12.0 6.2 
Corn (Zea mau.); , i 

5 150 LI 
Dried, Lancaster .•••••.•.••• t .... ~.l._ .._.\ ....~~~.......~~~. 
 4 300 7.8 
Popped (see Popcorn). I 

Cowpea (Vigna ain,n.i.): i 
6 500 0(3 D) 

Dried, Whippoorwill, COOked.!L .......~•.••••• ~.l:.....~~~...... _.~~~.' 6 1,000 I -.6 
Cranberry (Vaecinium spp.): 

Fresh•.••••••••••_••••••••• j ca 70 31 1.0 3.2 4 1,000 2.2 
Cream: t 

Ij , I 640 3 1. 0 3.8 4 , .06 3.9 
Summer, 2O-peroont fat. •• "'11. .....~ ... 5 2. 0 5.6 5 '.13 6.8 

Cncumber (Cucumi. .ativuo); t 

Fresh, DavIs Perfect••.•.••• : 0 3 1.0 3.7 5 1,000 -1.9(2 D) 
CurraJlt (Ribu sPP.): I 

Frozen, red •••.•••••• cal20 1.0 5 1,000 6.6! 

DudeUoJl sreeJUI (Lt&ntod07l 
tartUacum): 

1.0 9.3 6 10 7.3
Cooked •••••••••...•.••.••.. L.~.9,~. 3 2.0 13.5 5 20 12. 5 

Date 	(PhoeniJ: dadu1iftra): 
Unprocessed, Deglet Noor ••• Nil 1.0 7.6 5 685.0 (6 D) 

1.0 7.6 7. 685 19.8 
Processed, Baldy ••._._.•••. L.~~..... 6 2. ., [20.5) •..•••.. 1..........•..•...... 

Bupll>nt (So/anum me/ongena); i \ 
Fresh, Fort Myer Market. .•• 0 1.0 8.5 5 1,000 .2(1 D) 

Err yollt: t: 
Fresh: 1; 

d d {3,760: 1.0 7.0 5 25.7 6.8 
Summer·pro uce ".,.............. 2.0 11.7 6 5l.4 13.0 

cal,880 t 1.0 0.3 6 133 11. 2
WInler'pro lice d d •• _._ •••••••••...• :1 2.5; 11.2) 6 2fJ6 12. 2 

EJldive (Clchorium endivia); 
Fresh: 

r •3,81ill 1.0 6.4 5 30 8.5 
Curled................. 1..........• 
 2.0 13.6 3 (I(i 15.5 

6 1.0 6.0 4 30 10.6
Curled, cooked •.• __ ••• _ t." 4,880 

6 2.0 13.0 60 16.9 
FIg (FiCIU carica); 

Dried, Lob Inglr............. 1.16 6 LO 0.2 1,000 10.0 

Seil footnotes lit end ot table. 
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TABLE 2.-The vi!amin-A-assay values of foods I-Continued 

Summary of experimental data 

Group or rats red referenen , Group of rats fed designated
Vitamin A cod-liver oil rood supplements
per 100gm. !___.--__-,-_____--,___--,-____

Food (edible I I I 
portion) ! Amountl' AV!lrage Amount Average

. wClght "d weight'dRats 	 fe per, intre- Rats .e per Incre
rat per 'ment per rat per ment per 

-------------1-----1----~I~---~~-
!lliah: Num- : Gram& . Num Milli Gram.

Fresh: T. U. ber 1. U. Iper week beT vram. peT week 
3 	 1.0 5.0 6 1,000 -5.2(5 D)

Haddock__________ ---- L-------~-
3 I 	 2.0; 11.2 

LOr 4.5 4 613 6.2MaekereL ____________ L----~:~ : I 2.01 11.0 6 1,329 12. 8 
Canned: i 

{ 
1I36 1.0 I 7.2 1,000 9.7Sardlne_________________ I' 

.----_ .._--- 4 0 14. I 

J '200 : 2.1.0 1 8.2 
Tuna_ ------------------- t- ---------l 3 2.0 14.5 ------~-I--~~~--- ---.---~~~~ 

Gooseberry (Rib.. spp.): 	 ! 
I 

3.4 4 I 240 3.0Fresh, green__________________ _____ ~~~.·L--- ~~L____~_, 
4 480 7.5 

Grape (Viti. vin!!era spp.): : I 

Fresh, Tokay______________ <100 I 9 1.0 [4.8] 6 
I 

1,000 1.6 
Grapefruit (CitTu'vrandl.): i 

Juioo________________________ • 0 I 8 1.0 5.2 '3 1.2(4 D) 
lIeart: . 

Beef, .;.,.,ked ________________ L__~~_L ___~_ 1.0 8.4 4 1,000 13.2
[12. 6] • ___________________________ _2.0 

1I0ney: 
Unstrained, sweet clover__ _ o 2 1.0 7.8 1,000 (m) 

Kale (BTa••lca altracea acephala): 
Fresh: I 

Blue Scotch. __ _________ '10,5001. 6 1.0 9.8 4.7 5.6{ 6 	 2.0 14.8 ft 9.9 1t'. I
----i4~400 I 8 1.0 9.1 7 4.7 6.6Blue Scotch, cooked, ____ L--_ .. ____: 

9 2.0. 14.3 7 9.9 .!2. a 
ltldney: l I 

1.5 1 6.3 6 240 12. 9Beef, cooked ________________ L:'-~: I~.; 5 
'W ~ ___ ....• " ~ ~ • w_ ----- ...... -. 6 480 :::0.4 

Lamb; i 
~ 

Chop, lean portlon___________ 0 ' 3 1.0 6.6 6 1,000 1.0 
Lemon (CitTU' limonla): 

Juice ____________________ __ • 0 ! 	 , 3 1.0 8.3 4 -2.8(3 D) 
L;;:til (Len...culenla): ! 

Dried, cooked__ ______ ______ <100 : 3 	 1.0 6.2 5 1,000 2.7 
LeUuce (Lactuca .atlva): i 

Fresh: i 

6 	 1.0 8.4 3 240 3.1Iceberg .... _____________.. L.·,~~~_: 
2.0 13.1 5 480 8.8 

. { 300 I 6 1.0 8.7 5 240 5.6 
Lber: Iooberg, cooked.. _'_._ .•.• _./ 7 2.0 11.6 6 480 12.5 

3 	 1.0 8.0 3 3 13.3 
3 	 2.0 11. 4 6 6 18.4Beef___ -- _--------------··IIL~~~: :_1' 
5 	 1 6.6 7 3.3 1.0(aD)Chicken, cooked____________ ••. ________ 
7 	 2 8.1 7 9.0 1I.0 

See tootnotes 1\ tend ot tntle. 
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TABLE 2.-The vitamin-A-a88ay OOlU68 of food8 1-Continued 

Summary of experimental data 

Group of rats fed reference Group of rats fed designated 
Vitamin A cod-liver 011 food supplements
perIOOgm·I_____.-__.-____I____.-__~-------

Food (edible I 
portion) Amount Average Amount t Average 

I fed per i~~' Rats fed per I i~~~:' 
rat per ment per rat per : ment per 

Rats 

day rat day I rat 

--------------------r-------~!----I	 -----:,-----
, Num· Gra11l8 Num- ,'.fiili·, Gra11l8 

JIilk: I. U. ; btr I. U. ,pu ",eelt ber I i/Ta11l8 ! per weekI 
C 	 { 17 ea 280 ' i ' 1.0 I i.O 3 • 0.5 13.8

ondense.L_________________ ___________ ______ _ 2. 5 ; [16. 2J 5 ' I', li.2 

ory.sldm-----.---------.-- •.\l ealiO 2 1.0 I 4.9 ! I,: 1 ~2(2D) 
.. 1.600" "'6 i'-'''i~o'l ""7:;' 6 150 I~~ 

{
Ory.wbole·-·· ..----·-···';{J1~~M- ~! ~~l t~~ ! ~ :::~ 
Evaporated. ____._.____ ._ \ _•• __ •• ____1" •• ' 2.5! [11.2) • ___ .. _••__• __•___ •. __ .,__ _

II 'Ct,li' 3: 1.0; 8.2 5'6 I.~ 
Z.·I~d.SJdm--.-.--------._ {' , -.;;0 !, ~~: I~:~ ·· .. ·-0· '-"';:64-1'" "i3:~ 
FlUId. wbole. summer______• . ......._._ 5 : 2. 0 ( 14.0 8 • 1.29l H.8 

. { 187 6.1.0: 11.1 6 '1.03 10.4 

J(ol.~~::~·~::~:::~~~·; .____ ..m_~...... ;.........\ •. --.-.-- 6 '2.06 16.2 

baldng _______________._.! 10 I ~ 1.0 6.8 5 1.000 .S(I D} 

Kuahraoll1 (Auari cu.9 tamptltrn): I I '. ! 
Kus~:'!~(~;;;,;-;.fu);-··-·I 0 3 1.0 1 ~.O 8 1,000 -3.8(50)

1 

Ftesb, Rocky Ford••_.___ ._•• {. 2.~' : ~~ ~: : 1: I~~ 
Kuatard creellS (Sina"u): 


6
1.0 3.4 
6, 2.0 13. 6 12 9.5 

I C9. 10,000 i 5 1.0 8.6 6 6 3.8
F resh,rooked---.---------.-. L_ ........ ,I 8 2.0' 12. 3 8 lOA 

Fresh._____ • ____• ___ ...... .t{.C9. 1O,~., 7, 7.2 

12IOlllmea\: \ I 

"QUick-cooklnlt" ____ ··_··· __ 1 Nil I 1.0 9.0 6 1,000 1-2.5(4.0) 

Okra (HibUclU ••euJenllU): ! 6.1 I 
I 

3 : 1.0 3 120 11.5F::ke:~~ ~:~-~~~~~:-IL., .~.~ r 2.0 9.4 240 18.5 
GIbe (01.a ruropaea): 

Bott1(d. Spanlsh__•________•• ' ca 1.000 . 2 1.0 6.0 300 17.0 
{ 2 2.0 12. 4 600 19.9I•••• .. •....1 

Oniou (AUium t<p<l): i j

Fresh, 'Bermuda___________•• 0 I < •
6: .~ . [4.4) 7 I. iOO ! -.8(50) 

OraDl'e 	(Citru.llmmf1): , 

luice: \ 
 ..JIce2-'iOl 4 1.0\ 4.4 	 7.3

NaveL.____ •• ______ .. ___ { . .'._••••••, 2.0. [7.01! I'1_7 10. 2 

4 '2 I 5.9 
PBlSOn Brown_ ••• __ ._ •. _ { :_:___••••~. ~ ._.~::_!.._...~~~_I q I 9.95 

7 • 1. 5 \ 8.0 
8 10.4'3 \ 

'4.5 I 14.0 

'1.7 ,I ~.O 

8 '3 7.4 
::~=::::~:::- J--_._;~:,::::::;t::;:;:I:::~~i:1 

Se<l tootnotes at end ot table. 
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TABLE 2.-The vitamin-A-a88ay value8 of foods I-Continued 

Summary of e.~perlmental data 
-----,---I 
I

Oroup of rats fed reference Oroup of rats fed tl.esignated 
Vitamin A evd-liver 011 food supplements
per 100gm. ___, ___,-___1__-;___,...___. 

Food (edible 
portion) Amount Average AverageAmount weight'

Rats fed per i~&~~ • Rats fed per increrat per 
day rat rat 

rat per ment per ment perday 

-----------1-----1-----------------1----· 

Oranp--Contlnued. Num- Gramt Num- Milli- Gram> 
Juice-Continued. 1. U. ber 1. U. per week ber grams per week 

5 5.0 
5 '2 8.8

Pineapple_______________ L~:~::':~~~ ::::::~: ~::::~:~: :~::::~~~~ 
, 1 

5 'a 11.1 
4 '1.5 12. 2 

Pineapplll_______________ L-:-~-~~~r---.~- ____ .~~~______ ~~~~_ 4 14.4
• a

Oyster: , 
5 300 4.1 

Fresh__ - - - - - .-------------- L----~~~-! ______~______ ~~~_______~:~_ 6 600 6.4 
Parsnip (Pattinaca talIDa): 

5 600 -a. 8(4 D) 
Cooked._ -- ---------------.- L-------~- ______ ~______ ~:~_ ..___ .~:~_ 5 1,200 .6(aD) 

Pea (Pitum spp.): 
Frozen: 

7 100 11.0 
Oreen_ •• ____________ •• __ L----~~~. __.___ ~..____~~~_ ..___ ~~:~_ 7 200 17.6 

7 100 11.0 
Oreen, cooked __ • _______ L----~~. ______ ~. _____~~~__.__ .~~~~_ 7 200 16.8 

Dried: 
1.0 7.6 4 120 5.7 

Oreen, cooked_ ••••_•• ___ L...---~~- 4 2.0 10.0 5 240 9.0 
Pe..,h 	(Amuodaiut pertica): 

141 4.4Fresh, Eiberta••• ___ ._._ {I,670 1.0 2.2 
____ • ___ ••• 5 2. 0 4. I 287 6.7 

a ao 10.8 
Dried, yellow -. -'" .. -- ---- L--~~~~- ..____ ~. !._...~~~__.___~~~~. a 60 21.8 

Peanul (Arachit hupogaea): 
Roasted, Spllnlsh ______ ._.__ 70 9 1.0 [4.8] 5 1,000 -.6 

Pear (Pr/rU8 spp.):
Fresh, Bartlett________ ._. __ <60 1.0 5.0 6 1,000 1-2.0(4 D)

Pecan (Carua pecan): 
1.0 8.0 4 1,000 14.2Unblanehed ____ • __ •• _..... L-..~.~___.___~_ 
2.0 [la.5] .-.-- ........ _... --_ .._.... -


Pepper 	(Capt/cum annuum): 
Fresb: 

.... ~~. - ¥ 

8 1.0 5.4 160 6.9 
Oreen, Wonder••. _..... L_... .'.~7~_ 

10 2.0 10.5 6 300 13.8 
I 100 7 1.0 5.5 6 160 9.2 

{Green, Wonder, cooked.. ... _ ' 
9 2.0 10.6 6 300 16.0 

Persimmon (DlOtPUr08 sPP.): 
6 1.0 a.5 6 52 6.2

Fresh, Solid Gold HnchiY8 __ L____~_5~_ 
6 2;0 8.6 6 98.5 10.4 

Pineapple (Ananat 8atlrnu): 
1.0 a7 7 1,000 5.6

Fresh, Sugar LoaL...____• __ L.. en. ~____._.~. 
2.0 [5.6] ----- -_ .. _--, 

Plum (PrunU8 domut/ca): 
1 0 4.8 300 4.9

Fresh, Presldent_________ 	 ••• t.--- ~~. ____..°.1. __.. 
6 600 6.1 

Popcorn (Zea maU6 eDma): '1 I 
[8.1] 428 0.2'CB 600 aU. 2.0Freshly popped.. - .• - _.... U 2. 0{..• [12. 5] 428 14.1 

H('" fontllo(t'M lit end of bible. 



------

______ 

27 THE VITAMIN A. VALUES OF 128 FOODS 

TABLE 2.-The vitaminA--as8ay values of foods I-Continued 

Summary of experimental data 

Group of rats fed reference Group Of rats fed designated
Vitamin A cod-liver oil food supplements 
per 100 gJIl.Food (edible 

portion) Average AverageAmount Amountweight I ,,:eight 3red per fed perRats incre- Rats IDcrerat per rat permentper ment perday 	 dayrat 	 rat 

Common field, cooked : L---~~~-

Pork: 
Fr!lSb, cbop, lean portIon____
Sal t __________________________ 

1. U. 
Nil 
Nil 

Num
ber 

3 
4 

I. U. 
1.5 
1.0 

Gra7n3 
per week 

9.0 
5.2 

Num
ber 

5 
6 

MitZi
gra7n3 

1,000 
1,000 

Grn'l1l3 
per wetk 
-1.5{2D) 
-.9{2 D) 

Potato (Solallumtubuosum):
Irish Cobbler________________ 0040 6 1.0 ~3 7 1,000 1.2 
Irisb Cotbh,r, cooked_______ 0040 7 1.0 3.5 8 1,000 1.4 

Prune (PrunlU domaiica): 
Dried _____________________ L---~~~- 5 

1 
1.0 
2.0 

~7 

12. 0 
6 
5 

120 
240 

11.6 
17.6 

Pumpkin (Oucurbita ptpo): 
6 1.0 8.1 5 60 ~8 

6 120 12.9 
Radish (RaphanlU .atiV1U): 

Frp.sb, Scarlet Globe________ <30 6 .5 ~4 6 1,700 1.4(3 D) 
Raisin (Vuu .ini/era): 

Dried, Sultanlna_______, _____ Nil 1.0 7 1,000 -6.9(3 D)5 8.6 
Raspberry 	(Rubtu sPP.): 

Fresh:Black_________________ 
Nil 1.0 [7.1] 4 1,000 .4:1
Red ____________________ [6.5] 4 1,700 8.02. 0 1 

[9.5]L-----~~-	 ---.---- .._-------- ----_ .. ---- ...2. 5 \ 
Rhubarb (Rheum rhaponticum): 

IFresh, Myatt's Vlctoria_____ 00100 20 2.0 [6.51 4 2,000 6.21
Rice (Orl/za .atioo):

Brown__ "" ________________ Nil 2 1.0 6.0 6 1,000 -4.2{3 D) 
Rutabaga (Brauica campairi.): 

American Purple Top,
cooked __________________ 

Nil 3 1.0 1 8.7 5 1,000 2.0{4 D) 
Rye (&cal. cereak): 

Whole grain_______________ 2 1.0 5.6 5 1,000 2. 2(4 D) 
2 2.0 11.0 -------- ---------- ~---- ...----...L-----~~-	 ,

Sauerkraut (fermented cabbage): , 
Canned, commerciaL _______ '0 4. 1.0 7.4 7 1,000 I (7 D)

Scallop:
Fresh______________________ 

0 4 1.5 10.0 6 1,500 -2. 6(lD) 
Soybean (Soja max): 

Dried, Sousei, cooked_______ 0 1 1.0 5.8 6 1,000 (6 D) 
Spin&eh 	(Spillacia aleracea): 

Frozen______________ ~________ \I 1.0 8.4 7 13.3 4.8 
7 26.6 9.1 

Frozen, cooked _____________ 
L--~~~~~-

11 1.0 7.4 S 13.3 11.2L~~~:~. 2.0 [13.2] 8 26.6 15.2 
10 1.0 6.8 4 1.37 5.4Dried without cooking ______ L'-~~:~_ 9 2.0 8.1 7 2. 74 11.3 
10 1.0 5.4 4 1.41 9.8Dried after cooking___________ 
9 2.0 8.5 6 2.83 14.1 

SqUIISh (OucurbUa maxima): 
Fresh, Summer Crookneck, 5 1.0 4.2 140 2.9 

L'-~:~-
cooked __________________ 4 2.0 0.7 290 6.8L-.. --~~-

1.0 6.2 30 n.9Frozen, Hubhard, cooked ____ r..~~~:~- -"'---~- 2.0 [13.0] , ~ 1 60 19.5 

s,,(\ footnotes Ilt end of table. 
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TABLE 2.-The vitamin-A-tl8say values of foods I-Continued 

Summary of experimental data 

Gronp of rats fed reference Group of rats fed designated Vitamin A cod-liver 011 food supplementsperl00gm.
(edible

portion) Average 

Food 

Amount AwrageAmountweight'fed per weight'Rats fed perIncre- Ratsrat per bcre·rat permentperday ment perdayrat rat 

Strawberry (Fragaria spp.): 
Fresh, Klondlke_____________ 

Suel: 

I. U. 
ea 50 

Num
ber 

9 
I. U. 

1.0 

Gra1/l8 
per week 

[4.8] 

Num
ber 

4 

Milli
gra1/l8 
2,000 

Grama 
per week 

5.4 

BeeL _____________________ 

L--~~-~~-
Sweelpotato (Ipomoea batataa): 

5 1.0 
2.0 

5.1 
[7.6] 

5 
5 

514 
985 

8.1 
9.3 

Fresh: 

Nancy HaIL ____________ L---~~~-
Nancy Hall, cooked _____ L---~~~-

Tanrerine (Citrua nob/lia): 

8 
10 
5 
6 

1.0 
2.0 
1.0 
2.0 

10.7 
12. a 
11.0 
12.7 

8 
7 
6 
7 

30 
60 
30 
60 

8.0 
13.3 
8.8 

13.0 

Juice________________________ L-'-~~-~~_
Tomato (Lucopersicon eacmentum): 

6 1.0 
2.0 

4.7 
[7.2] 

6 
7 

0.86 
o 1.7 

7.8 
9.6 

Fresh, Marglobe ___________ L---~~~~-
Fresh, Marglobe ___________ L---~~~~~-

Turnip greens (Brll8sica rapa): 

3 
3 
5 , 

1.0 
2.0 
1. 5 

3.6 
6.2 

16.9 

3 
4 
3 
4 

100 
200 
60 

120 

5.1 
6.6 

11.2 
19.1 

Fresh ______________________ L-'-~~~:~_ 
Fresh, cooked ________________ L--~~~~~_

Walnut (Juglana sPp.): 

6 
5 
4 
5 

1.0 
2.0 
1.0 
2,0 

7.0 
12.5 
5.2 

11. 9 

6 
6 
6 
6 

10 
20 
10 
20 

10.7 
17.8 
11.0 
15.6 

Unblanched, Persian (Eng-
Ilsh) ____________________ 

ca40 4 1.0 7.4 5 1,000 3.2Watermelon (CitruUua vulgaria): 

Fresh, center portion _______ -------- --------- ---------- 4 300 11.8L---~~_ 33 2.0 [13.7] . 5 600 16,4 
Whole grain, Proliflc _________ 

Wheat (TrUicum aeat/oum): 

0 2 1.5 10.8 7 1,000 -4. 0(4 D)Wheat germ (TrUicum aeativum): 

Commercial sample _________ 5 1.0 6.8 8 300 .1(2D)L---~~~_ 10 600 3.4(4 D)
I 

! Figures refer to uncooked product or to cooked product calculated on raw weight basis unless otherwise 
indicated. 

• Figures In brackets are data on the same strain of rats but not strictly matched litter mates, 
, D following numerals Indicates that animals died before completion of experimental period. 

j Figures siguificantly affected by method of sampling (see text), 

I Figures refer to values per 100 ml. 

'Milliliters, 


7 Values on cooked or canned weight basis, whichever Is Indicated in description. 
I Value is based on dehydiated, cooked weight. 
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WEIGHT INCREMENTS OF VITAMIN-A-ASSAY RATS 

Two different strains of albino rats, referred to as stock A and stock 
B, were used for the measurement of vitamin A values reported in 
table 2. The average weekly weight increments of the rats receiving 
standard reference cod-liver oil were as follows: 

Stock A: Grams 
135 males receiving 1.0 I. U. daily ______________ _ 5. 2±2. 9
44 males receiving 2.0 1. U. daily ________________ _ 6. 8±3. 0 
126 females receiving 1.01. U. daily ____________ _ 3. 9±2. 2
49 females receiving 2.0 1. U. daily _____________ _ 6. 1±2. 5 

Stock B: 
223 males receiving 1.01. U. daily ______' _________ 6. 8±3. 7 
119 males receiving 2.01. U. daily_______________ 12. 6±3. 9 
208 females receiving 1.01. U. daily _____________ 6. 8±2. 9 
III females receiving 2.0 1. U. daily _____________ 1 L 4±2. 9 

The wide differences in average responses between assay rats of the 
two strains receiving identical supplements of vitamin A indicate 
clearly the unreliability of absolute weight increments of single groups 
of rats as criteria of the vitamin A values of the food items fed as 
sources of vitamin A. 

One rat from each litter was continued on the vitamin-A-deficient 
diet without a supplement of any kind. All of these rats lost weight, 
most of them showed marked xerophthalmia, and practically all of 
them died before the end of the test period. 

STATISTICAL ANALYSIS OF RESULTS 

The significance of the dillerences between the average weeldy 
weight increments of the pairs of rats on two levels of various test 
foods was determined by "Student's" t test.3 

From data on 30 food items selected at random from table 2, it 
was found that, at the growth levels observed on the 2 levels of food 
supplements administered, an alteration of about 30 percent of the 
supplements given would have induced significant difference's in 
growth rates. It is apparent, therefore,. that the vitamin A values 
listed in table 2 should not be considered as established to within 
narrower limits than ±30 percent. For purposes of planning dieta
ries, of evaluating the vitamin A values of existing dietaries, or of 
arriving at an estimate of the relative richness of the different food 
items with regard to vitamin A value, the information given in table 
2 would seem to be entirely adequate. The vitamin A values of 
foods listed in table 2 are, for the most part, measures of potencies 
for composited samples of the food items specified and for this reason 
should not be appljed w.ithout reserve to other samples of the same 
general kinds of food materials. 

There are more practical difficulties involved in conducting vitamin 
A assays than in conducting assays of vitamins more evenly distrib
uted in foods. 11any common foods are very rich in vitamin A value 
while many others carry immeasurably small concentrations of this 
vitamin. In some cases, daily supplements of 2.0 gm. of food are 
insufficient to promote a substantial growth rate. This situation 

• The. equation I-~.'f, js "Stll(l~nt's" Itcstpfthcsiglliflcanccorthc mean ofllsmalJ sample. Thcsym

bol Xreprcsents the menD dllTeroDcc between pairs; N, tho Dumber oC pairs; Bnd S • .D. tho standard devia
tion of a single differenoo. 
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frequently results in a considerable and unpredictable number of 
deaths among the groups of assay rats during the course of the test 
period. 

Calculations of vitamin A values of foods were also made on the 
basis of 3-, 4-, and 5-week assay periods, respectively. The results 
indicate that there is little if anything to be gained by a 5-week assay 
period over a 4-week assay period. However, a 3-week assay period 
gives irregular results as compared with the values obtained for the 
4- or the 5-week assay periods. Perhaps a substani,ially large number 
of matched pairs receiving the two levels of test food would overcome 
this trend and in the end might save some time but very little expense. 
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