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A QUANTITATIVE MEASUREYENT

OF THE

VITAMIN A AND B CONTENT OF CERTAIN ARIZONA DATES

INTRODUCTION

Arizona, as yet, scarcely realizes how extremely

fortunate she is in possessing a soil and climate which

are well suited to the cultivation of date palms. There

are only two states, Arizona and California, that are now

producing dates on a commercial scale. The United States

imports thousands of pounds of dates each year. In 1926

this industry amounted to $2,635,000 according to Statis-

tical Abstracts of the United  States. (1)

When we realize what an important commodity the

date is, and when we know that the requirements for date

culture can be met in only a few localities in this coun-

try, we begin to see of what value this industry will sure-

ly become to the State of Arizona.

The date pain' requires intense heat and a plenti-

ful supply of water.(2) It has been found that the con-

stantly saturated adobe soil at Tempe, Arizona, produces

dates which are much superior to those imported for the

American market. There are several areas in Arizona where
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profitable date culture is entirely possible. The Salt

River Valley, the Gila Valley, and the Casa Grande Valley,

are well adapted to the growing of date palms. The Uni-

versity maintains orchards at Tempe, in the Salt River

Valley, and at Yuma, in the Colorado River Valley. There

are commercial orchards in other parts of the State, but

all such enterprises must be confined to the southern part,

since temperatures much below freezing have been found to

injure date palms.

Many different methods of propagation have been tried

in this and other countries, but only within the last few

years has a truly successful one been found. It is propa-

gation by means of offshoots.(3) Unlike most other fruits

which can be propagated by means of grafting and budding,

date palms are reproduced true to type only from offshoots.

These shoots develop from buds produced in the axils of the

leaves, usually at or near the base of the tree. They are

cultivated for sp me months while still attached to the par-

ent palm, by mounding soil around the base of the shoots,

allowing for root development. The shoots are removed when

they are from six to eight months old, and are planted dir-

ectly in the position which they are to occupy parmanently.

They usually bear within two or three years of the time of

planting.
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The average yield which can be expected is 100 or

more pounds per tree.(2) The retail price is fifty cents

per pound. Fifty dollars or more per tree surely sounds

like worth while profits. With such profits available,

it seems certain that rapid strides will be made in the

date industry within the next few years.

It is a well known fact that there must be created

a demand before there can be realized a profit. This is

best accomplished by means of advertising, which consists

merely of persuading the public that the product one has

to offer is desirable. In communications from several well

known manufacturers of food products, definite statements

have been made to indicate that there is real pecuniary

gain from advertisements of the nutritive value of foods.

Should we find that dates are a source of essential food

factors, then we can expect that by making this announce-

ment to the public, dates will be included in the family

menu, not only because of their delicious flavor, but also

because they contain certain dietary requisites.

"For many centuries dates have been the principle

food of thousands of Arabs for months at a time." (Popenoe)

(2) The explorer Natchtigal tells of natives who often con-

sumed six pounds from sunrise to sunset. Has it occurred

to the nutrition worker that in order to support life and

health for the many months during which it is the only food,
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the date must necessarily contain all of the dietary es-

sentials? One of the first reports of the nutritive value

of dates is given by Dr. C. L. Bennett. He states that

dates contain all the elements of a balanced diet, protein,

fat, mineral salts, and carbohydrate, and all in a form

available to the human system. The percentage composition

of dates "as purchased" (Rose)(4), (Bennett) (2) and "edible

portion" (Rose)(4) follows.

"as purchased"	 "edible portion"

carbohydrate	 76.6 %	 78.5 %

protein	 1.9 %	 2.1 %

fat	 2.5 %	 2.8 %

water	 13.8 %

fiber	 10.0 42

The ash content taken from figures collected by Rose from

various sources is as follows:

Calcium .065 % Phosphorous .056 %

Magnesium .069 % Chlorine .228 %

Potassium .611 % Sulphur .070 %

Sodium .055 % Iron .003 %

Using the physiological fuel factors of Atwater and

Benedict, (5) namely four calories per gram of carbohydrate

and protein, and nine calories per gram of fat, in calculab-

ing the energy value of dates, it is seen that a pound of
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dates will yield 1675 calories. A normal man doing ordin-

ary hard labor will require 3000 calories per day. His en-

ergy requirement would be satisfied by two pounds of dates.

Dr. Mary Swartz Ros(j3)1,as recently suggested a method

of expressing the protein, calorie, andnineral content of

foods, which is both simple and accurate. She uses the

term "share" to designate one-thirtieth of the daily re-

, quirement for each food element. By this method, one share

of any complete food would contain:

100	 calories

2.5	 grams of protein

.023 grams of Calcium

.044 grams of Phosphorous

.0005 grams of Iron

The following table shows the relative value of

dates and some other fruits as sources or protein, energy,

and minerals.
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TABLE I

Composition of Certain

Fruits Expressed in Shares per 100 Calories

Name
Weight
inGrams

Protein
Shares

Calcium
Shares

Phosphorous
Shares

Iron
Shares

Apples 159 .26 .52 .45 .96

Bananas 101 .53 .39 .70 1.22

Dates 38 .24 .83 .36 1.72

Grapes 103 . .83 ..73 .62

arapefruit 212 .46 1.73 .62 1.16

Oran -tips_ 194 .62 3.83 .91 .78

Pears 158 .38 1.04 .93 .94

Plums

Raisins

118 .48 1.04 .86 1.18

29 .30 .83 .86 1.22

Raisins have been extensively advertised as el valuable

source of Iron, but Table I shows that dates are richer in

this essential element than raisins are. Dates contain a

higher percentage of Iron than do other fruits.	 It is also

evident from Table I that fruits as a class are low in min-

, erals and protein.	 Dates are no exception in this respect,

and there must be some explanation of the fact that desert

dwellers subsist on dates alone for many months at a time.

The explanation seems to be that these peoples have a very

high energy requirement, and consume five and six
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pounds of dates a day. This increased energy intake would

not increase the need for minerals and protein, since the

requirement for these two factors is independent of energy

expenditure. A person consuming six pounds of dates a day

would be receiving seventeen shares of protein, fifty-nine

shares of Calcium, twenty-six shares of Phosphorous, and one

hundred twenty-three shares of Iron,. It is evident that

there still might be some danger of protein deficiency, es-

pecially since there is no data available as to the complete-

ness of the protein which is present. When the dates were

supplemented, it was by milk, which is rich in protein and

all the minerals except Iron, and meat, which is high in

protein. These occasional additions to the diet evidently

provided for a possible deficiency in the dates themselves.

Since these reports of the nutritive value of dates,

we have added the vitamins to our list of dietary essentials.

To Hopkins (7) is due the honor of having first made clear

that natural foods contain, and normal nutrition requires,

Some other substance or substances besides protein, fat, and

carbohydrate. As early as 1906 he had determined that "no

animal can live on a mixture of pure protein, fat, and carbo-

hydrate, and even when the necessary inorganic matter is

carefully supplied, the animal still can not flourish. The

animal body is adjusted to live either on plant tissues or
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other animals, and these contain countless substances other

than the proteins, fats, carbohydrates, and minerals."

The first evidence that there were in natural foods

substances other than the known chemical factors, protein,

fat, carbohydrate, and mineral, was obtained by observation

of certain organic disorders which followed upon a long con-

tinued use of dried foods and salt meats as the sole con-

stituents of the diet. As early as 1720 Kramer (8) wrote

in his "Medecina Gastrensis" that neither medecine nor sur-

gery gave relief in scurvy, but if one could get a suffi-

cient quantity of fresh anti-scorbutic juices, of lemons

or oranges, one would without fail cure this dreadful dis-

ease. Dr. Lind (9) as surgeon of the Salisbury confirmed

this report by well controlled experiments on his sailors.

He had twelve scurvy patients, with oranges for only two.

He kept all under the best sanitary conditions: to two he

gave oranges, to the others cider, cream of tartar, and

medecines. There was immediate improvement in those receiv-

ing oranges, and slight improvement in those receiving cider,

the others showing no signs of improvement. In 1804, the

regular issue of a ration of lemon juice was made compulsory

in the British navy. Thereafter scurvy was comparatively

rare whereas a few years earlier thousands of oases were

reported yearly among the British sailors,
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In 1885 Takaki (10) decided that diet was respon-

sible for the high percentage of cases of ben-ben i in

the Japanese navy, and he substituted barley for a large

part of the polished rice which was the main food. There

followed immediate improvement in conditions, and beri-

beri practically disappeared.

In 189? Eijkman (11) reported the results of a num-

ber of experiments he had performed in which he had pro-

duced in fowls a disease similar to ben-ben i in mas. He

produced the disease by feeding a diet of polished rice,

then cured it by feeding an extract of the rice polishing.

He designated this condition as "nutritional polyneuritis."

Thus the existence of the anti-neuritic substance as some-

thing different from the known food stuffs was clearly dis-

covered by Eijkman. It was not until 1902 that Hulsoff-Pol

(12) clearly demonstrated that this nutritional polyneuritis

in fowls was essentially the same as ben-beni in man. Cham-

berlain and Vedder (13) of the United States Army then made

rapid strides in establishing some of the chemical and phy-

sical properties of this anti-neuritic substance.

Osborneand Mendel (14) in 1913 found that their ex-

perimental animals became subject to a characteristic eye

disease when kept on diets devoid of fat, while the simple

addition of butter-fat cured the condition. It was soon

found that cod liver oil possessed the same power. Other
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workers then took up the search and continued adding to the

knowledge concerning the fat soluble dietary essential.

Thus we see the discovery of three hitherto unrecog-

nized essentials to human nutrition. The problem of nam-

ing these substances was partly solved by Funk (16) who in

1911 claimed to have isolated the substance which prevented

ben-ben. He gave to this substance the name "ben-beni

vitamine." He expressed the opinion that other vitamine-

like factors would be found which would bear a similar re-

lation to other deficiency diseases. The name which he

proposed was based on his belief that the preventive factor

was a pyrimidene base, and after this theory was disproved

the name was shortened to vitamin. This name has been re-

tained because it had gained such wide usage, and because

there was no other which seemed better. McCollum and Kenedy

(17) suggested that the solubilities and a letter of the

alphabet be used in naming, thus fat-soluble A, water-sol-

uble B. This method seemed to place undue emphasis upon

the solubilities, and has therefore been shortened to Vita-

min A, vitamin B, etc. This terminology has been especial-

ly satisfactory because of its flexibility in allowing the

addition of new members as they were discovered, without

danger of confusion.

The chemical and physical properties of the vita-

mina have served as a valuable means of distinguishing them.

Vitandn A is soluble in fats (Osbormand Mendel) (14) and
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it is not destroyed by saponification, and that it remains

in the unsaponifiable fraction. It is somewhat soluble in

water, though McCollum reports that it is thirty times more

soluble in fats. It is quite stable to heat (Steenbock and

Boutell) (18) (0sbormand Mendel) (19) (quantitative work by

Sherman and Hsu) (20) but it is very easily destroyed by ox-

idation at high temperatures, (Hopkins) (21) (Drummond and

Coward)(22)(ZilvW (23). The most recent quantitative work

by Sherman and Quinn (24) shows that this destruction is

greater when the vitamin is from animal sources than when

it is of plant origin.

The chemical and physical properties of vitamin B

are very different from those of vitamin A. It is relative-

ly stable to heat and oxidation (Sherman and Grose) (24) but

this thermostability decreases proportionally to a decrease

in hydrogen-ion concentration. (Sherman and Burton) (26)

It is soluble in water and alcohol variously diluted with

water. It is readily absorbed from solutions by Fuller's

earth, Iron Hydroxide, and animal charcoal, thus furnish-

ing a convenient means of separating it from other water

soluble vitamins. It is dializable through animal membranes.

(Zilva and Miura) (27).

Funk was the first to report that he had isolated the
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active factor which prevented polyneuritis. (16) He reported

the substance to be a nitrogenous base. All later work has

merely confirmed this first report, but has added little to

the knowledge of the precise chemical composition of the vit- -

amin. Williams (28) attacked the problem from a different

angle. He synthesized compounds of known chemical formulas,

then tested them for anti-neuritic activity. In 1921 (29)

he concluded that the active factor was closely associated

with a betain-like ring.

The first attempt to isolate vitamin A was reported

by Osborne and Mendel (30) who concentrated the activity of

a fat into the more liquid portion by fractionation. Later

they reported similar concentration by saponification. In

1924 Drummond (31) by similar metnod, concentrated the ac-

tivity into the unsaponifiable fraction amounting to 1% of

the original fat. Later (32) he found that by crystalliza-

tion from methyl alcohol, percipitat ion with digitonin, and

distillation under reduced pressure, he secured a concentrate

representing .1% of the original oil. This concentrate con-

sisted almost entirely of an alcohol containing one hydroxyl

group and two double bonds and having a molecular weight of

350. The Tapanese worker Takahashi (33) reported similar

isolation of a sterol containing the original activity of

the oil, for which he proposed the name nbiosterin". There



-13-

is some question as to whether or not biosterin and vita-

min A are identical. As shown by these reports, great

strides have been made toward identifying the vitamins,

but there is at this time na chemical method of testing

for them, either qualitatively or quantitatively. Un-

fortunately it is only by means of laborious, expensive,

time consuming animal feeding experimentation that vita-

min studies can be made.

Realizing the importance of the date industry to

the State of Arizona, appreciating the value of definite

knowledge of the nutritive value of dates, knowing that

no report of nutritive value is complete without the re-

port of the vitamin content, it was considered advisable

to determine quantitatively the vitamin A and B content

of certain varieties . of Arizona dates.
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El2ERIL7NTAL PART I

Thé Method of Determining the

Vitamin A Content of Arizona Dates

The experimental method used for the vitamin A deter-

mination was based on that suggested by Coward and Drummond

(34) in 1920 and Zilva and Miura (35) in 1921. The details

of the quantitative experimental procedure were those of

Sherman and MUnsell (36). Young albino rats were placed on

an experimental vitamin A free diet at the age of weaning,

21 to 28 days. These animals were of known nutritional his-

tory, being from litters whose mothers were of the stock col-

ony, bred on a diet of whole wheat two-thirds, whole milk

one-third, and Sodium Chloride equal to two percent of the

weight of the wheat. Daily allotments of fresh green lettuoe

were given the stock colony animals. Since it has been shown

by Osborne and Mendel (37) and quantitatively by Sherman and

Cammack (38) that animals store vitamin A in their own bod-

ies, a pre-experimental period was employed. This fore-

period, of four to six weeks duration, extends from the time

of weaning till the animal comes to stationary weight due to

exhaustion of the body store of the vitamin. Since it was

found that the time varied even within a litter, each animal

was weighed individually once a week, during the first four

weeks, and every two days thereafter, till it had maintained
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constant weight for two or three days. It was then put in

a round, all metal cage with raised screen bottom to pre-

vent access to excreta. The basal vitamin A free diet was

fed ad libitum an accurate record being kept of weekly food

consumption. Fresh distilled water was in the cages at all

times. Graded amounts of the date to be tested were given

as the only source cie vitamin A. Growth response was used

as the criterion by which the amount of the vitamin being

fed was measured. In the experimental record of each an-

imal were included: weekly weight, weekly food co nsumption,

general health observations which were made daily, and au-

topsy findings at the termination of the pa rlod. The re-

sults of vitamin A determinations were expressed in the unit

of Sherman and Munsell. (36) A unit of vitamin A is that

amount which when fed daily to a standard test animal pre-

pared as above, just allows for an average gain of three

grams a week during an experimental period of eight weeks.

The experimental diet had the follow ing composition:

casein (extracted) 18 %

corn starch 67 %

Yeast 10 %

salt mixture * 4 %

NaCl 1%
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* The salt mixture was that of Osborne and Mendel (41), and

was prepared in this laboratory according to the authors

directions. It contains all the minerals known to be es-

sential for normal nutrition, and in amounts so that when

fed at 4% of the diet, it is adequate as the sole source

of minerals. The Sodium Chloride was added merely to make

the diet more palatable.

Casein was considered an excellent source of protein

since it has been shown by Osborn and Mendel (39) to be a

complete protein and to be adequate for normal growth when

fed at 18 % of the diet. It is easily obtainable, is of

practically constant composition, and is in a form easily

incorporated in the food mixture. Commercial casein con-

tains small amounts of the vitamins however, which must be

removed. Vitamin A was removed by extracting 200 gram lots

with 500 c.c. boiling alcohol. The boiling was carried out

on a water bath under a reflux condenser. First distillate

recovered alcohol was used for the first hour of boiling.

It was filtered while hot through a Buchner funnel by means

of suction; 500 c.c. recovered alcohol distilled over lime

were used for the second hour of boiling, filtering being

done as before. For the final period of boiling, fresh 95%

alcohol was used. The casein was then sucked as dry as pos-

sible, spread in thin layers, and allowed to dry in air at

room temperature.



Gorn starch was included as a source of energy. It

was considered excellent for this purpose because it is al-

most entirely carbohydrate (90%) and is practically unvary-

ing in composition.

Dried brewers yeast was used for the supply of vitamin

B. It has been found by Munsell (40) that the commercial pro-

duct varies somewhat in vitamin B potency but she suggests

that at this high level of feeding (10% of diet) there is no

danger of its being a limiting factor in the vitamin A deter-

mination. It was obtained in finely powdered form and was

not extracted since Osbormand Mendel (39) have found that

when fed at 47% of the diet it does not contain amounts of

vitamin A measurable by animal feeding methods.

This diet does not contain a source of vitamin D, and

Munson (40) reports that this may be a limiting factor in

measuring the vitamin A. She suggests irradiation of the

diet to insure an adequate supply of the anti-rachitic factor.

The lamp used for irradiation of the diet in this laboratory

was a mercury vapor lamp, from the Cooper-Hewitt Company. The

diet was spread in thin layers, and irradiated for thirty

minutes at a distance of twenty inches. It was used within

one week of the time of irradiation.

Manifestations of vitamin A deficiency which were

looked for daily were: the eye infection (37) opthalmia,

which is characterized by swelling of the lids, sensitive-
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ness to light, and discharge of bloody or purulent matter;

infection of the respiratory passages (42) indicated by

coughing and a bloody discharge from the nose; cutaneous

malnutrition (40) evidenced by scabbiness of feet and tail,

thin and bushy hair.

The conditions characteristic of vitamin A deficiency

but not evident in vivo, were noted upon autopsy of the an-

imal, at the termination of the experimental pa rio, or at

death during the period. These conditions are: pus in the

bladder, in the lungs (42) in the sublingual glands (36) in

the inner ear, and in the sinus passages. (47)

The dates used for the vitamin determinations were

representative of each of the two main classes, semi-dry and

soft, The Deglet Noor is a semi-dry date of medium size,

translucent and golden brown in color. It is a sucrose date,

and has an exceptionally mild and delicate flavor. Hayany

is a typical soft date, very large and almost black in color.

It is an invert sugar date, and has a characteristic flavor

quite different from the usual "date flavor." The dates used

for this work were secured from the University Date Orchard

at Tempe, through the courtesy of Professor D. W. Albert of

the Experiment Station, and Mr. T. L. Stapley, foreman of

the orchard. All dates were put directly in an electric freez-

er when they were received, and we are indebted to Mr. Davis

of the Dairy Husbandry Department for the use of a freezer
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during this experiment. The dates were kept frozen till

they were to be used, in an attempt to prevent any change

in composition due to loss of moisture, or enzymatic or

bacterial activity.

Both varieties of dates were analyzed in this lab-

oratory in order to determine any difference in composi-

tion. It was thought that this might afford an explana-

tion of any variation in vitamin potency. The moisture

determination was made by drying three gram samples in an

electric oven at 105 degrees Centigrade for eight hours.

Protein determination was made by the Kjeldahl method, 'X-

ing an entire date weighing about six grams. This method

consists briefly of converting the Nitrogen present as pro-

tein, into Nitrogen in the form of ammonia, and then titrat-

ing with standard base that amount of an acid of known nor-

mality which was not neutralized by the ammonia distilled

from the date sample. Fat content was measured by extract-

ing one-gram samples of dried date with ether, evaporating

off the ether and weighing the residue which consists of

the ether soluble portion of the original sample. Total

ash was determined by igniting five-gram samples of the

date in a muffle oven at red heat for two hours. Percent-

age carbohydrate was found by, , adding the other percentages

and subtracting from 100. Table II contains the chemical

analysis of both varieties of dates as determined in this

laboratory.



-20-

TABLE II

THE CHMTICAL COMPOSITION OF ARIZONA DATES

qayany

IN.s§_t_.251__i_.47o_______:_6ï2.3_
Deglet Noor

Protein

Fat .52 & 1.43 %

Carbohydrate 51.74 % 76.42 %

Ash 1.04 % 1.27 %

Water 44.23 % 18.72 %

The dates for each day's use were removed from the

freezer, weighed upon a quantitative balance, and fed dir-

ectly to the animals, in order to keep routine loss at a

minimum. With one or two exceptions the animals were very

fond of the date, and came eagerly to the top of the cage

to take - their allotments directly from the feeder's hand.

When the animal did not consume his portion immediately,

it was discarded from the series, or the level of feeding

was lowered.

In order to determine the level of feeding which

would produce the desired rata of gain, it was necessary

to try several levels covering quite a wide range. The
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first litters were put on daily allotments of one, two,

three, four, and five grams per day. It was soon evi-

dent that the upper levels were too high, and increas-

ing numbers of animals were put upon the lower levels.

Each litter was carefully controlled, there being one

negative control animal for each two animals receiving

the date supplement. This was necessary since the use

of irradiated diet was so recent there was no published

data available upon which to prophesy the behavior of

the control animals. Later i one control from each litter

was considered adequate.

MUnsell (36) has shown that there is only slight

difference between rate of growth of males and females

upon this vitamin A free diet during the experimental

period, and between the rate of growth of large and small

animals. In spite of this assurance, each litter was so

divided that there would be an animal of each sex and re-

presentative weight at each of the supplemental levels.

The following table dhows the division of a typical litter.
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TABLE III

DIVISION OF LITTER AT  END OF VITAMRT A FORE-

PERIOD, TAKLIG INTO CONSIDERATION DIFFiLRENCES

SEX AND WEIGHT

Rat
Number

Initial
Weight

For eper iod
Weight Level of Date Feeding

17 cfi 57 132 1 gram date per day

18 °41 56 112 2 grams date per day

19 'If 53 120 Control

20 T 55 117 3 grams date per day

21? 54 106 3 grams date le r day

22? 53 110 Control

23? 51 112 2 grams date per day

24? 57 118 4 grams date per day

25? 54 100 4grams date per day

26 ? 53 98 Control

27? 50 100 1 gram date per day



The Vitamin A Content of Hayany Dates

The records of the negative control animals from the

Hayany series are presented in Table IV.

TABLE IV

REC ORDS OF NEGAT IVE OChTR OL ANIZALS ON VI T.E.J.U:T A F.LE D lET

Fore Period Experimental Period

Rat
No.

Initial Final
Weight

Total
Gain 

Length
o

125

Weekly
4

138

	 5

170

Weights
6

172

7

173

	  8 	

154

Total
Gain

-22 	

Total
Food 

594 	

Sur-
vival 

56

Days

24

1

83

2 

15374 c( 80 176 96

88* 35 97 62 31 99 93 83 67 619

125 1150
v

- .Z.6, 193 30

 	 -25 

-53

307

185 	

35
78? 60 140 ' 80 30 42 142 146 130

25 
48 145 97 33 45 127 108 92.

110?

112 46 l2.

172 96

33

34

135

72

118

172

123 

158

109

154

90

122.

-30

-50

245 

220

32

28 
1269 76

73 150 77 30 55 156 130 122 108 96 -54 400 45.....
1299 

150e 34 138

114 

112_

137 

104

81 

75

84 	

39

37

39 

L13

L 0 9 

L18

92i

100

125

91

128

95

129

84

-46 

-30

• -15

65

295 

407

14

44 

42
151 6° 33	

1549 37 97i,

33 	

is

this

The

in

only

that

expressed

experimental

In all tables, weights are

in days.	 Table	 IV

series behaved

animal which survived the

its foreperiod was shorter

-37

expressed

shows that

as typical

period

than that

291 	

in grams

seemed to

of any

all controls

vitaAfree

35
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i
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others, and after the first period of loss, it gained in weight

until the last week of the experiment. In addition to the

above there were two rats which survived the eight week par-

iod, and showed total gain. Careful scrutiny of their records

showed that they had been separated too soon. This evidence

was borne out by the fact that the foreperiod was three weeks

long, as compared with the average four to five weeks. Both

animals made tremendous gains during the first week of the ex-

perimental period, gradually slowing in rats of gain during the

second week, and losing steadily thereafter. The initial gain

was however too great to be entirely overcome during the sub-

seauent period of loss.

During the experimental period all the negative control

animals developed the characteristic symptoms of vitamin A

deficiency. The opthalmia became evident in the form of squinty

eyes during the first or second week of the experimental periad.

By the end of the third week it had developed into blindness.

The coughing and bloody nose condition appeared during the sec-

ond or third week usually, and increased steadily, until just

before death it was noted that the animals had great difficulty

in breathing. All the animals showed marked indications of

cutaneous malnutrition. Upon autopsy each animal showed one

or more of the characteristic conditions, although all of

these symptoms were not evident in every animal. The one appear-

ing most frequently was pus in the sinus passages. In almost



Results at this low level of date feeding were SD con-

sistent and showed so conclusively that the vitamin intake

was insufficient, it was not considered necessary to use more

animals. During the period, both of these animals developed

opthaImia, and coughed severely. Upon autopsy, it was found

in both cases that there was pus in the bladder, sinus pas-

sages, and at the base of the tongue. Charts I and II on
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every case there was pus in the sub-lingual gland and in the

bladder and ears. In no instance was infection of the lungs

noted. This is, however, in accord with the findings of

other workers, who report this condition as occurring only

in adult animals deprived of vitamin A.

The Smallest date supplement which was given was .5

grams per day. The results obtained at this level of date

feeding are presented in Table V.

TABLE .V

RECORDS. OF .4LITli'..LALS RECEIVING VITEIN A FREE

D=T AND .5 GRAids T.L\.YANY DATE PER DKr

Experiment al Per iod

Rat
No.

2.3 t

Initial
We if. h. -t

43

Final
We ' ht

127

Total
Gain

84

Lengt
Days ! „, 3 4

VT21..A
5 6 7

Total
Gain

Total
Food 

Sur-
viva

44 135 115 100 102 100 -27 262 38

s6t 37 120 83 il4 120 120 116 113 112 109 -11 269 40 

Ivg. 40 123 83 1 44 127 117 108 107 106 -19 265 39 

Fore Period
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pages 33 and 34 portray graphically the average results ob-

tained with the control animals, and those receiving  .5 grams

Hayany date per day. These growth curves show that both

groups of animals lost weight steadily and died before the end

of the experimental period. Those receiving date did not lose

as much weight as did the controls.

The records of those animas which received 1 gram Hay-

any date per day are given in the following table.

TABLE VI

RECORDS OF .2=A;ILS RECEIVING VITAIIT A FREE DliVE Arlo

1 GRAM HAYANY DAZE PER DZ.(

Experimental Period

Rat
No.

Initial
_Weight

38

FinaJ
Weight

94

Total
Gain

56

Lenp- tl

31

Weekly Weights Total
Gain 

46

Total
Food 	

460

1

105

 	 2

110

3

120

4

123

5

125

 	 6

128

7

129

8

14085T

87f 37 95 58 31

30

95 100 104 122 125 124 120 120 25 450

100g 63 136 73

72

140 130 112 138 133 144 156 160 24 493

101g 62 134 149 137 120 100 131 150 170 177 30 466

128f

130T

71 144 73 34 101 150 151 153 158 160 160 170 26 577

67 134 67_

107

30

39

148

156

152 155 155 156 156 156 155 21 572

147d 40 147 162 164 168 160 153 146 128 -19 597

148g 40 137 97 39 143 143 144 152 159 160 165 170 33 558

153f 39 118 79 33125 130 130 133 138 145 146 146 28 590

155f 36 109 73 39 114 120 128 137 143 148 146 150 41 645

A '. 49 124 75	 - 33 132 134 134 158 144 146 148 151 27 557



Fore Period

These results seem to be very consistent. Hone of

the animaLs showed the gross symptoms of vitamin A defi-

ciency. Occasionally an animal had squinty eyes for a day

or two, and coughed slightly at intervals. All the animals

survived the eight week period, and all but one made small

gains in weight. Upon autopsy , at the termination of the

experimental period, none showed pus in the organs. In ad-

dition to the records included in Table VI there were two

rats whose records were not included. They accidentally

received fermented dates for a period of two weeks. During

this time they lost weight rapidly, indicating that the

vitamin present in the date had been destroyed. Preceding

and following this period of loss were periods of gain,

thus indicating that probably the loss was due to the oxi-

dation which accompanies fermentation.

Table VII, which follows, gives results obtained by

supplementing the basal diet with 2 grams of date per day.

TABLE VII

RECORDS OF ANIKALS RECEIVING

VITAMIN A FREE DIET AND 2 GRAMS HAY= DATE PER DAY

perimental Period

Rat Initial Final Total
Gain

Length Weekl Weip*hts Total
Gain

Total
Food1 2 3 4 5 6 7 8

79y 57 124 67 35 127 129 136 138 142 145 145 149 35 523

909 59 112 53 35 110 124 116 115 110 120 136 150 38 548

lo3y 59 100 41 30 1.0 110

122

115 

124

115

126

120

129

125

135

130 

155

142 	

157

42

37

	 455 

448112 62 30	 —120

55 112 55	 3q_ 117 121 122 123 125 131 141 152 38 493
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None of these four animals showed any indication of

squinty eyes during the experimental period, nor did any of

them cough. At the end of the period, all animals were

sleek as to hair, and were normal looking in every respect.

Upon autopsy, there was no indication of infection of bladder,

ears, sublingual glands, or sinus passages. The gains were

small, but consistent throughout the eight weeks. The growth

curve, based on averages of this group (Chart V , Page 35)

again indicates clearly that the animals were receiving vita-

min A in amounts which allowed for growth, although at a.sub-

normal rate.

In the three following tables are recorded the exper-

imental histories of the animals receiving larger date sup-

plements, namely three, four, and five grams per day.

TABLE VIII

RECORDS OF iUTLIALS RECEIVIITG

VITA1 ,111T A FREE DIET AND 3 GRANS IbYAIi	  DATE PER DAY

Experimental Period

rat
!o.

Initial
Weight

Final
WeiFht

93

Total
Gain

54

Length

30

Weekly
3

120

4

130

Weights
5

139

Total
Gain

Total
Food1

97

2

99

6

140

7

149

8

T 39 158 65 562

81

9 i''

60 119 59 42 130 150 154 164 167 170 173 177 58 573

68 135 67 42 135 145 157 167 172 175 180 187 52 480

• 06" 71 113 42 26 100 140 153 162 174 178 186 189 76 663

07 70 120 50 26 150 162 174 185 197 212 216 220 100 732

09E

LOT - .

49 110 51

5,,

25 
-	 1---

I

120

127

130

137

138

149

149

159

157

168

166 

173

178

180

188

186

78 631

59 116 70 607
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TABLE I2A:

RECORDS OF .LL•dTII..TILLS RECEIVEIG

VIT.L.MT A FREE DIET .LITD 4 GRAIP .,:S TiœTji.YAITY DATE FT.1]R DAY

Fore Per iod
	

Experimental Period

Initial Final
We iht 	We ight

Tot a-f	 Weekly Weiahts
Gain	 1 2 3 4 5  6

31149 164 182 185  170 171 180 195

35	 135 150 157 175 184 189 195_197

74	 1	 638

58	 1	 573

71	 4 544

58 	31 115 124 144 153 159 168 176 176

32	 32 145 160 170 170 175 182 189 	 68 	1 	585	 .

Fore Per iod

TABLE IC

RECORDS OF A1,112:LALS 111.10EIVIITG

-TITAMET A FREE = AKD 5 G=S HAY.= DATE PEE DAY

Experimental Period

Weekly We1hts
1	 2	 3 4 5 	6	 7

LengthInitial
We ight

Total . Total
Gain	 Food .

183 194 213 230 233 244 260 270	 110	 757

207 220 238 250 264 279 284 290	 110	 985

195 207 220 240 248 260 272 280 1 	110	 871

All animals of the three groups were perfectly nor-

mal looking during the experi ment, and were in excellent

condition at the end. Upon autopsy none of them showed

any indication of a deficiency of vitamin A. The average

total gain is different for each of the three groups, but
36

Charts V, VI, VII, on pages 34/ indicate the same shaped

growth curve for each level of date feeding. The growth
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curves are similar to that of a normal animal. Variation

in total gain seems to be explainable upon the basis of dif-

ference in initial weights and food consumption. Those ani-

mals in the four gram group were smaller and ate less food

than those in the three and five gram groups.

Table XI which follows is a summary table compczed

of the average results obtained with all levels of Hayany

date feeding.

TABLE XI

SUMMARY OF RESULTS WITH

viTAI.OE\.T A FREE DIET AND ALL LEVELS OF HAYg= DATE FEEDING

level
of
ate

leeding

Number
of

Rats

Average
Initial
Weight

Average
Weight
At end
of Ibre-
Period

Average
Gain
During
Fore-
Period

Average
Length

of
Fore-
Period

Average
Total
Gain

Average
Final
Weight

Control Animals 10 52 137 sa 33 -37 100

• 5 .0311.±._22Z da

l_gm. per da

2 45 123 ZS 44 -19 114

10 40 132 82 33 27 159

ier day 4 55 112 57 33 35 147

m. Der da 59 116 57 31 75 191

4 gm. per da 3 49 121 72 32 68 189

5	 a.	 er,day 2 98 170 72 31 110 280

vera es 	 57 132 75 34

This table shows that the Hayany date does contain

appreciable amounts of vitamin A, and there exists a pro-

portionality between amount of date fed and gain in weight
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during the experimental -priod of eight weeks. Those animals

receiving .5 gram of date per day were unable to survive the

eight weeks period and lost weight during the time they lived.

All developed the symptoms of vitamin 4 deficiency which are

seen en vivo, namely opthalmia, coughing, bloody discharge

from nose, cutaneous malnutrition. Upon autopsy, there were

noted other symptoms of the deficiency which were: pus in the

bladder, in sinus passages, in ears, in sublingual glands.

Those receiving one gram of date per day survived the entire

period, and only an occasional animal developed indications

of vitamin Si deficiency. These indications were slightly

squinty eyes for a day or two at a time, and occasional cough-

ing. The animals made an average sain of twenty-seven grans

during the period. These animals showed that they were on

the borderline of vitamin deficiency by variability in rate

of gain, and occasional development of the characteristic win-

ptoms. The animals receiving two grams of date per day made

an average net gain of thirty-five grans, and developed none

of the symptoms of vitamin A deficiency. This indicates that

two grams was more than enough to meet the animals' minimum

need for this vitamin. At higher levels of date feeding the

gains were normal, and increasing the date supplement did not

produce a corresponding gain in weight, since growth can not

be stimulated beyond the normal rate. Growth curves obtained

by plotting the figures given ta Table XI are shown in Chart

VIII, on page 33.
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This chart shows graphically the average gain made each week

by animals in the various groups. The relative growth al-

lowed by graded amounts of the date supplement may be clearly

seen. The rate of growth made during the fore-period is in-

cluded also, and it is quite interesting to note that this

curve for every group is the same, and that at the end of the

fore-period each group shays a different rate of gain, depend-

ing entirely upon the amount of date fed.

The data presented in the foregoing paragraph indi-

cateiconclusively that one gram of Hayany date contains one

unit of vitamin A, as defined by Dr. Sherman.
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are given on -pages 14 to 22. Results obtained with supple-
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The Vitamin A Content of Deglet loor Dates

The method used in dete -zmining the vitamin A content

of Deglet IT002 dates was identical with that employed in the

work with Hayany dates. Details of experimental procedure,

method of giving date supplement, and exression of results

menting the basal vitamin A free diet by graded amounts of

Deslet hoer dates are given in the following tables.

TABLE XII

RECORDS (-)F ... 'TEG2.TTVE CONTROL IhEIALS 01 VITI-L11:7 A F2EE DIET

Experimental Period

hat
ho •

Initial
lie igit

Final
I eh

Total I
Gain

182f 48 120 72

189f 50 121 71

198f 45 91 46

2060'7 41 127 86

Length

120 97 90 85

121 116 120 120 105

96 105 103 91 74

110 90

	-35 	 334

-15

406

	

-37	 375

-26	 374

Weeklr 'leights

Fore Period
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ITABLE T  I

RECORDS OF AUL):ALS RECE IV IITG VILinIh

A FREE DIET	 .5 GR.2-il,!:3 DEGLET 1 ,10OR DATE P:2 DAY

Experimental Period

Rat
No.

179 

184 t

186 "4

191 *

192 

196?

207

209 

211 *

Av .

V.reekly We ihtsFinal
ih,ht 2	 3	 4	 5	 6

50 151

124

157

Total	 Total
Gain	 Food

257

485

562

Total Lent
in_

	

101	 37

	

80	 35

	

101	 3756

114

-14

#3

6131 130 133 120 120

150 154 146 135 132125

4

43 135 140 132 120 103

122 120 120 106 99



-40-

TABLE ILIV

RECORDS OF A=ALS RECEIVING VITIIT

A FITEE DIET AHD ONE GRAM DEGLET NO OR DATE PER DA r

Experimental Period

7eekLi We
5

izht 	s Total
Ga in

Total
Food2 3 4

153 153 140 130 135 140 140 0 498

149 154 155 157 132 150 148 +12 556

154 160 16 2 162 162 167 166 +27 511

147 155 154 153 158

120

152 150 +20 479

97 106 109 120 129 135 +20 510

480107 110 117 116 111 117 120 +18

123 122 126

135

136 133 141 145 +20 533

120 128 135 133 131 132 +22 508

131 136 137 139 138 141 142 +14 309

Rat
.C40,

Initiaa
Teiht

180 e 48

181 V

188 * 52

193 48

43

210	 ' 42

212 42

1213 41

Fi -aal	 Total Lenl,n .

'Ze iF::ot Gain	 1

140	 92	 37 150

37 144

140

35 139

37 102

37 105

37 128

37 118

128

Fore Peiio d
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ITECORD:3 r7i,,iJjv LC

A FIZEE DIET AZD 2 GRIZS DEGLET HOO DATE PE2 DAY

Expe rilaental Per iod

at	 Init ial
o. iLeiht

LengthTotal
Gain

Total
Food.

Total
Gain

1:137 Weights
5	 6

8 +45	 638173 177 170 175 18047

Final
We ight

88 36	 3_55 157 163

5? 8

50

50

160 15?

162 163	 +33147

135 140 157 163148

87 e'

90*

95 e

140	 97	 36	 145 150 158

130	 80	 36	 130 127 124

130	 80	 36	 125 130 132

10 7 	62	 35	 117 123 146 172 176 182

128	 81	 36	 34 136 14 +39165 167151 155 159_

TAELE 7:7

ciP 1-n'SULTS

FT-11TE DIET _LITD LT,T, LEV:1Z OF DEGLET '20 OR aLTE EL-ED LTG

GraTaT— Ilumber
of

Date
-oar

Dair

of
2at s

Ave.rage
Initial
',/e ight

Averag;e
Weight
At end
of Fore-
Per io d.

verase
Gain
Dur ing
Fore-
Period

69

Avera,7e
Length

of
Fore-
Per iod

verate
To tal
Ga in

vera_He
Final

°,:e ifht

46 115 36 -26 88

46 126 80 36 -10 116

1 8 46 125 79 37 +14 142

-	 - 47-	 -- 128, 81 36 1.39 167

,	 • 26 46 123 7 7
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The foregoing table, number XVI, shows that the ani-

mals receiving only .5 gram of Deglet Moor date lost weight,

the average loss for the period being 10 grams. These ani-

mals were very rough coated during the experimental period.

Many of the animals developed 'opthalmia, and experienced dif-

ficulty in breathing. Some of them showed marked indications

of cutaneous malnutrition. Upon autopsy it was found that ev-

ery animal had pus in the sinus passages, and many of them

showed other infection, such as pus in the bladder, ears, sub-

lingual gland, and in some cases the submaxillary gland.

At the one gram per day level, the animals made an

average gain of 'fourteen grams. Occasionally one of the an-

imals showed mild symptoms of vitamin A deficiency but upon

autopsy it was found that the bladder, ears, and sinus passa-

ges were not infected.

The animals which received two grams of Deglet Moor

per day made an average gain of thirty-nine grams and were

in perfectly good condition during the entire ex:perimental

period, and upon autopsy conditions were found to be entirely

normal.

The results given in the preceding tables are shown

graphically in charts X, XI, and XII, on pages 43, 44 and 45.

These charts show very clearly the various rates of growth

allowed by graded amounts of the date supplement.



-4 3-

Rd?' .1*/*'	 Vifromin 9 Iree ,T

S Grams De/e/ /Voor- Dote per D

o

-

vera.54,,We,y Carve
1;•_

Recetviiii Vt
adrid,

1,0 arCittiLS Deg/el

/20-1-	
_





20

--A 5—

,	 .	 .1

.._zez_ely._.m:'

1

	Iv	 lere_4___IûLA
,,
	 f	 I

—	 _	I 
,	 ,

, 	 ....,.

- 'r--



-46-

Summary and Discussion of Results of

Measuring the Vitamin A Content of Hayany and

Deglet Noor Dates

Using the experimental method outlined by Sherman and

Munsell for the quantitatIve measurement of the vitamin A con-

tent of foods, a series of determinations was made on two var-

ities of Arizona dates. Hayany is a typical soft date, and

Deglet Moor is semi-dry. The dates for the determinations were

secured from the University Date Orchard. They were frozen as

soon as they were received, and kept so until they were fed to

the experimental animals. Rats used for the determination were

young from the stock colony females reared on a diet of whole

wheat flour and powdered whole milk, with daily allotments of

green lettuce. During the experimental periods, animals were

kept in individual, all metal cages. A basal vitamin A free

diet was given ad libitum, and daily supplementsof accurately

weighed dates were the only source of the vitamin. Criteria

used for measuring the vitamin contained in the date supplement

were general health and Condition of the animal, gain in weight

during the experimenta period, and internal conditions noticed

upon autopsy. The results of the determination were expressed

in the unit of Sherman and Munsell.

In the Hayany series it was found that a .5 gram per
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day date supplement resulted. in a total loss in weight aver-

aging -9 grams for the entire period. During the time, nearly

all the animals developed opthalmia, showed indications of

respiratory disturbances, and cutaneous malnutrition. Upon

autopsy, pus was found in the bladder, sinus passages, ears,

and sublingual gland in nearly every instance.

A one gram per day portion al lowed for. an average

gain of twenty-seven grams and only occasionally did the sym-

ptoms of a laCk of vitamin A develop.

Two grams of Hayany date par day allowed for an aver-

age gain of thirt-five grams during the experimental period,

and at no time did the symptoms of a deficiency develop. All

levels above this, namely three, four, and five grans per day

allowed for approximately normal growth.

Measurement of the vitamin A content of Deglet Moor

dates showed that .5 gram per dayaallbwed an average loss

of ten grams during the exerimentaL period, and that almost

always the gross symptoms of vitamin A deficiency developed.

Upon autopsy, pus was found in various internal organs.

One gram per day supported a very limited gain, name-

ly ,r0UrIteen grans during the entire period. Occasionally

these animals showed the conditions which follow upon 'defi-

cient vitamin A intake. -Autopsy of the animals revealed that

only an occasional mild infection of the internal organs dev-

eloped.



-48-

A daily supplement of two grams of Deglet Poor al-

lowed the animals in this group to mahe an average gain of

thirt -nine grams during the experimental period. In no

instance were indications of vitamin A deprivation noted.

The following table presents results obtained by

supplementing a basal vitamin A free diet by various amounts

of Hayany and Deglet l'oor dates.

=LE =II

RESULTS OF F=IITG H2IYA1TY AHD DEGLET HOOR DATES

AT VARIOUS SUPPLE=TAL LEVELS

Vitamin A Series

HAYANY
Grams
Der
Day

Average
Initial
Weight

Average
Weight at
end of

Foreperiod

137

Average
Final

Weight

Average
Gain
During
Fore-ceriod

0 52 100 -37

.5 45 123 114 -9

40 132 159 f27

2 55 112 147 t35
DEGLET
MOB

46 115 102 -130

.5 46 126 116 -10

1 46 125 142 I-14

47 128 167 +39





Results of all the levels of date feeding, with both

Hayany and Deglet Poor dates, as given in Table XVII, indi-

cate that one cram of the Hayany date contains one unit of

Vitamin A. One gram of the Deglet Poor variety is, however,

too small to produce the required gain of twenty-five grams

during the eight week experimental period. On the other - hand,

two grams per day produces more than the required gain. It

is probable that 1.5 grams of Deglet Poor date more nearly

approximate the unit.'

It is very evident that there is a difference in the

vitamin A potency of the two dates. 7hy this should be is

not definitely known. The variation would be even more pro-

- nounced if results were expressed al the moisture free basis.

Since the Hayany contains more than twice as much water as the

Deglet Poor does, with a given amount of date Weighed, in the

natural condition, the amount of actual date substance present

is less than half as much in the case of the Hayany as in the

casé of Deglet Poor.

There are several factors which may be the cause of

the variation between the two varieties. The Deglet Poor dates

are picked when they are "three-quarters ripe", and the Hayanys

are not picked till they are entirely ripe. Both varieties are

matured by pasteurization: the Deglet Poor at 100-110 degrees

F. for about seventy-two hours; the Hayany at 130-140 degrees
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F. for about twelve hours. Short time heating, although at

higher temperatures, has been found to be less destructive

of vitamin A than long continued heating at lower tempera-

tures. It would seem that it might be well to carry on fur-

ther experiments to determine definitely the effect of var-

ious methods of ipasteurizat ion upon the vitamin A content of

dates.

In order to cora -oare the vitamin A content of dates with

that of other fruits, the following table was compiled from

data contained in "Chemistry of Food and Nutrition," 1926 Edi-

tion (25).

TABLE XVIII

IIESUL TS OF 1:),TJA -1 ,72 IT AT ITE	 IMENTP(

UPON TIE VIT = A CON T21TT OF FP,Ti ITS .

Food
Units

per Gram
Units

per Ounce

16

Units
per  Pound ___,Szrabol

2501.61 .6 +-

tanana 3.5	 . 100 ? 1600 1-	 tF	 --/-

rapes .7 19.6 313 74-

Oran e Juice .8 20 350 1-

meglet Noor
Dates * .7 19.6 313

÷

llayany Dates 1.0 28 453 i-

* 1.5 grams of Deglet Noor date is considered the unit.
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Table XVIII shows that fruits can not be classified

• with those foods which are considered good or excellent

sources of vitamin A. The single plus symbol indicates that

they are only a fair source of this vitamin. Dates are super-

ior -to all fruits which have been quantitatively measured,

except the banana, in vitamin A content.
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EXPERIMENTAL PART II

The Method of Determining the

Vitamin B Content of Arizona Dates

There are two methods for measuring the vitamin B con7-

tent of foods. The one which was first used employs pigeons

or other fowls as the experimental animal. A diet deficient

in vitamin B is administered, and the food to be tested is

given after the symptoms of neuritis develop. If the food

alleviates or cures the condition it must contain the vita-

min. There are some variable factors which render imnossible

the use of this method for quantitative =lc. The severity

of the disease can not be judged, therefore the amount of

the vitamin being fed can not be measured. The fowls recover

spontaneously sometimes, so neither positive nor negative re-

sults are conclusive. A method which has been developed more

recently is the rat-growth method. Young albino rats are

kept upon a vitamin B deficient diet for a certain length of

time. The food to be tested is administered in accurately

weighed amounts, and growth response of the animal is used

as the measure of the vitamin B content of the food being

tested.

The latter method was chosen for this determination.

The details of quantitative method were those described by
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Sherman and Spohn (45) in 1923. The experimental animals

were young from our stock colony raised as described on

page 14. They were placed on an experimental vitamin B

free diet at the age of weaning, 21-28 days. Since it has

been shown that rats probably do store vitamin B in their

bodies, Sherman and McArthur (46) performed an experiment

to determine whether or not a pre-experimental period, dur-

ing which this body store should be exhausted, would affect

results.	 They came to the conclusion that the employment

of such a period did not render results more consistent.	 -

cordingly, in this date study, no fore-period was employed.

The basal vitamin B free diet was fed ad libitum, an accurate

record being kept of weekly food consumption. The keeping

of this food record is especially important in vitamin B.

work since it has been shown by many workers that loss of

appetite is one of the first indications of a lack of this

vitamin in the diet. During the experimental period the

animals were kept in round all metal cages, which had raised

screen bottoms to prevent access to excreta. Fresh distilled

water was in the cages at all times. Graded amounts of the

dates to be tested were given as tha only source of vitamin

B. Each litter was so divided that there would be a repre-

sentative animal of each weight and sex at each of the sup-

plemental levels. This was considered an essential part of

the procedure, since Sheiman and McArthur (46) have shown
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that large rats gain less weight than smaller ones receiv-

ing the same amount of vitamin B. They also found that

females made greater gains than males of the same weight,

when the vitamin B intake of both groups was identical. The

experimental record of each animal included weekly weights,

weekly food consumption, daily observations as to general

health, and autopsy finding S at the termination of the per-

iod. The results of vitamin B determinations were expressed

in the unit defined by Dr. Sherman (?Si). 	unit of vitamin

B is that amount which when fed daily to a standard test an-

imal results in net maintenance of weight during nn experi-

mental period of eight weeks.

Eight weeks is considered long enough for the exper-

imental period, since Sherman and Spohn (45) found that con-

tinuing the time did hot noticeably affect results. The

standard of maintenance seems low in view of the fact that

there iS at this level evidence of malnutrition, but Sherman

and Grose (VI) explain that at this very limited rate of

growth, variable factors are at a minimum, and sensitivity

of the animal is at a maximum.

The basal vitamin B free diet had the following com-

position:

casein	 la %
corn starch	 68 %

butter fat	 8
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cod liver oil	 2 =/;•

salt mixture * 	4 %
The casein was rendered vitamin B free by extraction

with cold 60 percent alcohol. (45) Two hundred gram lots

were stirred with one liter of alcohol for thirty minutes,

allowed to stand five and a half hours, filtered by suction

and washed with 500 c.c. fresh alcohol. Stirring was re-

peated as before, and the mixture allowed to stand eighteen

hours. , It was then filtered, washed with 500 c.c. fresh al-

cohol, and again with 500 c.c. 90 percent alcohol to facili-

tate drying. It was sucked as dry as possible and allowed

to dry in air at room temperature.

The butterfat was separated by melting the butter on

a water bath, and filtering by means of a hot water funnel.

Care was taken to hasten the melting and filtering, and to

keep the temperature low because it has been shown by Sherman

and Hsu (20) that the vitamin A of butter fat is increasing-

ly destroyed by increases in te=erature and time of heating..

They report fifty percent destruction by heating at 100 de-

grees for four hours. Other workers report even greater des-

truction in shorter time at lower temperature if the oxida-

tion factor is not controlled.

The corn starch which was used for a source of energy

was a commercial product of the Argo Company. It was not

* The salt mixture was that of Osborne and Mendel described
on page 16.
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purified, since Osborne Wakeman and Ferry (48) have shown

that it does not contain the water soluble vitamins.

The cod liver oil was the commercial product of

Squibb and Company, which is guaranteed to be of tested pur-

ity and vitamin pOtency.

The diet was mixed carefully by hand, and was then

pressed through a fine wire seive to insure complete disper-

sion of the fat throughout the mixture.

The high fat content of this diet renders it liable

to rancidity. As a precautionary measure, our diet was mixed:

in amounts to last only two weeks, and was stored during that

time in an ice box at fifty degrees F. Jones (50) reports

that there is rapid destruction of vitamin A when a fat con-

taining it is stored in the presence of Iron salts. This

was an additional reason for using the diet soon after it

was prepared.

The symptoms of vitamin B deficiency which were looked

for daily were roughness of fur, difficulty of movement,

humped back, ematiation. The only condition observable upon

autopsy was atrophy of some of the internal organs. The very

first result of a lack of vitamin B in the diet is loss of

appetite, and a resulting decrease in food intake. For this

reason, the symptoms which develop later can not be disting-

uished from those of starvation. One worker has gone so far

as to say that the only- result of a lack of vitamin B is loss
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of appetite for the deficient food. (49) Malnutrition of

the nervous systan develops, with conseouent development

of nervousness and in the more advanced cases, paralysis.

The Vitamin B Content of Hayany Dates

The results of the determination of the vitamin B

content of Hayany dates are given in the following tables.

Table -.LIZ presents the records of the negative control

animals.
TABLE XIX

RECORDS OF NEGATIVE 0 ,UTROL

ANIMALS RECEIVING VITAMIN B FREE DIET

Rat
No.

Initial
Wei.P-ht

Weekl	 Weights Total
Gain

'Totai-
Food1 2 3 A 5 	6 7 8

1 10' 67 81 74 66 62 52 42kr -25 207

15667' 57 63 55 _50 A 39 39 41. -20 167

158 53 64 60 53 391_ -14 98

161f 46 60 55 46 41 36% _ -10 134

1626a 49 53 51 45 35% -14 112

153k 47 53 52 45 38(1_ -9 110

Avg. 53 62 58 51 43 -15 138

All of these animals behaved in a characteristic man-

ner, gaining during the first week, and losing steadily there-

after. The food intake decreased steadily, from an average
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of 48 grams the first week to an average of 14 grams the last

week of life. It is evident that those animals which ate the

most food during the experimental ne nod survived longer than

those which ate less food. None of the animals survived the

eight weeks period. Upon.autopsy the only symptom which could

be determined was atrophy of the internal organs. During the

experimental le riod, these control animals became very rough

coated, assumed, the typical humped back position, and were

very weak_ and ematiated. In some cases the feet became very

scabby, and bled slightly. In no instance did paralysis

develop. The growth curve of a typical negative control from

this series is given. in Chart XIT, on page 61. It shows very

clearly the initial gain, followed by a steady loss of weight

until death.

The records of animals receiving vitamin B free diet

supplemented by 1, 2, and 3 grams of Hayany date per day are

given in Tables	 =I . » and EaT, respectively.

TABLE

RECORDS OF ANIMALS RECEIVING

FREE DIET AND 1 GRAM HAYANY DATE PER DAY

Rat
No.

Initial
Weight

ViTeekl,hts
4 5 6 7 8

Total
Ga in

Total
Food1 2 3

132 7 63 '74 71 68 60 64 61 58 53 -10 250

133e 59 61 58 60 55 50 43 40 39 -20 229

Avg. 61 67 65 64 57 57 52 49 46 -15 239



The animals receiving but one gram of date per day

behaved in a similar manner to the negative controls ex-

cept that those receiving date survived the experimental

period. The date supplement contained enough of the vit-

amin to stimulate the appetite to some extent, as indi-

cated by increased food intake of this group over that of

the negative control group. Following the initial gain

in weight, both of these animals lost. By the end of the

eight weeks period their loss in weight was as great as

that of the negative control group . Both the animals be-

cane very rough coated, and developed the characteristic

ematiated condition indicative of vitamin B deficiency.

Paralysis was not noted, but scabbiness of feet and tail

was evident.
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TABLE -2:111

RECORDS OF	 RECEIVIKG 1TITZ2ILYT

B FREE DIET AND 2 GRAIL' I-IAYAirir DATE PER DAY

Rat
No.

Initial
Weight

Weekly Weights Total
Gain

Total
Food1 2 3 4 5 6 7 8

13404 58 72 68 65 68 68 68 65 63 5 254

135e 57 71 70 70 70 76 68 64 61 4 265

157e 51 61 62 62 58 54 44 41 46 -5 156

1599 51 63 64 60 55 j56

51

50

44

47

40

48

44

-3

-3

173 

172160 47 59 60 56 50

167 42 49 51 48 46 49 44 40 38 185

1.§.§U____ 40

20104

47 48 48 55 56 50 45 45 5 197

41 50 55 67 81 70 56 50 50 9 217

202 e 36 50 54 56 56 51 47 45 40 4 173

204 35 43 48 51 55 52 44 44 37 2 216

Avg. 45 56 58 58 58 58 51 51 46 +1 210,

The animals in this group were able to survive the

entire eight week period, but were unable to gain in weight.

The fact that they were on the borderland of vitamin B def-

iciency was clearly indicated by the general condition and

by the fact that some gained in weight and some lost slightly.

Fur became rough and backs were somewhat humped. Rats 202 and

204 both developed definite symptoms of paralysis during the

last week of the dxperimental period. Rat 202 had very scabby

feet. Upon autopsy none of the animals showed indication of

vitamin B deficiency.



TABLE iII

RECORDS OF AkTMALS RECEIVING VIT.ALIM

B FREE DIET AND 3 GRAMS =ANY DATE PER DAY

Rat
No.

Initial
Weilit

Weekly Weights Total
Gain

Total
Food1 2 3 4 5 6 7 8

136f 56 69 69 71 70 74 77 78 75 19 249

137$. 55 66 70 70 70 73 75 72 72 17 242

200e 42 57 60 65 70 66 60 60 54 12 221

2032 41 47 53 53 63 67 62 62 53 12 245

Avg. 48 59 63 64 68 70 69 68 63 15 239

The animals which received three grams of date per

day survived the experimental period, and gained in weight

during the time. The gains varied from 12 to 20 grams, and

were greater during the first four weeks of the period, a

slight decline occurring toward the end of the time. This

is probably due to the fact that larger animals reQuire

greater amounts of vitamin B than do smaller animals of the

same sex and species. As the rats in this group grew, their

need for the vitamin increased, and the limited intake be-

came insufficient to support the gain, or even maintenance

in weight. None of the rats in this group showed evidence

of malnutrition, all being sleek, and perfectly normal look-

ing, though somewhat undersize. The animas were not autop-

sied, since with even a smaller date supplement no evidence

of vitamin deficiency was evident upon autopsy.
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Results obtained with all supplemental levels of

Hayany date have been summarized in Table :all which follows.

TABLE

SUIZIARY OF AVERAGE RECORD AT EACH OF THE

SUPPLL:ENTAL LEVELS OF HAYANY DATE FEEDUTG

Level of
Feeding

Number
of
Rats

Average
Initial
Weight

53

Average

Gain 

-15

Average
Total
Food

138

Average
Sur-

vival

28 da sControl 6
1 gram
•er da 2 61 -15 239

Entire
period
Entire
period

2 grams
.er da 10 45 1 210

3 grams
per day 4 48 +15 -239

Entire
period

It is evident from this summary table that the rate

of gain made by these standard test animals was proportion-

al to the amount of the date supplement. It is also inter-

esting to note that, whereas increased food intake would te

expected with increases in amount of date supplement, this

is not apparently the case. However, the explanation seems

to be that the size of the date supplement was such that the

date itself increased the food intake to a great extent. At

the one gram level, the date amounted to 20 percent of the

food consumed, at two gram level, the date equaled 45 percent

of the diet, and at the three gram level, it amounted to 60

percent of the total food intake. The severity of indica-

tions of malnutrition decreased with increase in amount of
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date supplement. Gain was negative at the one gram level,

and positive at the three gram level. The two gram per day

supplement just allowed for net maintenance during the eight

week experimental. period, therefore it is evident that two

grans of Hayany date contains one unit of vitamin B.

The growth curves of animals at each of the date

levels are given in Chart XVIII. This chart shars graphically

the variation in rate Of gain of each group due to variations

in vitamin B intake.
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The Vitamin B Content of Deglet Noor Dates

The method. used for maasurinr the vitamin D content

of Deglet Noor dates was the same as that described in detail

on pages 53 to 5S, Results obtained by supplementing the basal

vitamin B free diet with graded amounts of DeFlet Door dates

are given in the following tables.

3.EC OR DS OF l'ŒC-2,.T PTE 01 0 1 -,rilROL

.AIT DIALS RECDIVIITG VITï.TL B FREE DIET

'Rat
No.

Initial
77ei,c, ht

Weekly	 7re irlits Total
Gain

Total
Food1 2 3 4 5 6 7 8

17E4 47 59 60 50 37q -10 125

199e 42 . 51 55 52 50 404, - 2 115

220e 48 55 60 55 38ck, 	

359,

-10 

-10

107 

165226? 45 54 55 50 39

233e 57 68 60 52 42 38. : -19 156

175e 48 57 52 44 339, -15 125

Iv_g. 48 57 57 51 40 -11 132 



- 69-

RECORDS OF AITTIILE! RECEIVING

VITZ= B FREE DIET TD ONE GR211:1 DECLET 17,002 DLTE FER DZ1-

Rat
No.

Initial
Wetc ht

-	 Wee,k1v Weihts Totl
Gain

Tota
Food1 '2 3 4 56 7 8

170e

171?

56 67..

76

66

72

-62 58 50 44 44 -12 165

55	 ' 68 61 50 49 42 40 -15 162

172?' 52 57 58 53 52 50 46 43 40 -12 185

173e 50 60 60 53 50 40% -10 158

177 6 48 62 62 60 53 46

47

43 41 41

1111
- 7 180

Av. 52 64 63 59 55 -11 170

TI3LE

RECORDS OF :II-T1-1,11.1-S. REG= V ING

VITZJIIT B F17-7 EE DIET AND 1.5 Gai.IM DGLET FOOL DATE FER DAY

Rat
No.

Initial
Weight 1 2

lieekly
3

71eihts Total
Gain

Total
Food4 5 6 7 8

214 , 52 56 65 61 54 48 43 43 39 -13 192

219 1?' 48 50 57 56 52 48 43 42 46 - 2 178

223°27 54 60 64 60 56 52 47 42 41 -13 203

227 ?' 41 48 52 50 45 44 44 42 40 - 1 168

228e 40 48 52 50 45 43 37 30% -10 173

230 T 49 35 58 56 49 45 41 37% -12 182

47 53 58 55 50 46 42 39 182
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RECORD OF	 :RECE Iv _L_G

B FLE DTEg' 2i.Y 7.3 1.75 GELYL DEGI ET NOOR Di 1 3 11 1,

at
40.

Initial
We ight 1 2

'Y,:eekly
3

We
4

iht
5

s
6

To tal
Cain

Total
Food7 8

234 el 53 55 60 56 50 46 41 40 42 -11 141

233 e 51 55 54 50 46 45 41 36 35 -16 112

242 V 43 47 47 49 47 50 55 50 55 -12 200

111111 49 02 54 51 48 47 46 42 41 151

T3LE =VTII

RE CO -RDS u

viT,= . D FI:LE DIET AND 2 G=13 DE'GLET NOŒR DZE FER

:Rat
No.

Initial _Wee Ic177ir- .hts Total
Ga in

Tot-1
Foo t.We iEht 1 2 3 4 5 6 7 8

169 ? 57 62 62 57 61 55 53 53 55 -2 182

174 ef7 49 65 66 63 63 56 52 54 55 -6 221

176 q. 51 59 60 57 63 56	 55 53 55 -4 185

215 0 .-7 52 55 63 54 52 51	 45 44 43 -9 1 7

218 Cr7 r 49 52 62 64 60 53	 52 30 50 1 170

221 di 43 49 53 53 48 45	 43 40 43 0 160

224 e 54 60 64 57 51 50	 48 43 42 -12 174

231 9 48 50 53 52 48 47	 46 43 43 5 157

235 e7 51 59 5 77 59 53 52	 53 50 50 1 182

239 T 51 58 58 53 52 5 -,.	 47 45 43 -3 141

241 1 ._ 49 51 54 57 55 55 ---•1 54 50 45 - 4 157

4v. 50 56 59 57 55
z.-1

52	 50 48 48 2 175
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ABILL-P,

02 /21.1f "f- .U ....;

VIT= 3 FZZE, DIET A-.1 .D 2.5 GRIL DEGLET	 2E:Z Dy

Rat Initial 7,rieekly We 1ht s Total Tota-i
Ho. 1'1.e, ig,ht 1 2 3 4 5 6 7 8 Gain Food

236 e 46 51 `53 55 56 58 57 53 52 +6 146

237 q- 54 58 58 53 54 5 7 52 47 46 -8 151

240 f 50 60 60 58 54 57 55 52 50 .	 0 129

Avg.  50 56 37 5 7 55 57 55 51 49 -1 142

Til3LE =Y.

IIECOI:tDS OF	 S ]1 -E GE IV MG

B FI=  DIET .AETD 3.0 GRAM. DEGL E1 JC0B D.LTE, i 	DZY

Rat
Fo .

Initiai
7e ic7ht s

-ie el: ly	 W ight s Total
Ga in

Total
Food1 2 3 4 5 6 7 8

2l66' 50 53 60 61 53 50 50 46 50 0 163

217 e 50 53 62 63 57 52 50 50 50 0 168

222 f 40 44 52 58 55 56 54 50 50 10 _ 176

225 g'

229 q

53 57 62 63 59 63 65 56 58 5 182

53 69 80 80 75 72 74 66 68 15 234

232 t 42 45 53 60 55 57 53 52 55 13 188

Avg, . 48 54 ' 61 64 59 59 59 54 55 7 185
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The results obtained with the various levels of Delet

Noor date feeding are summarized in the following table.

TABLE :Ca'

su:.7.,T,227iY OF THE .A.V1LR.AGE REDORD T AoH

OF TI -T.E SUP7LEI!',7.171Ld, 1:TIELS OF DECIET NOOR DATE FEEDMG

level of
reeding 

ontrols

Number.
of

Rats

Average
Initial
Weights

Average
Gain

Average
Total
Food

Average
:urvival

6 48 -11 132 31

:m. D.N. 6 52 -11 170 42

1.5 " D.N. 6 47 182 52

1.75_gm.D.N.

"	 D.11.

3 49 151
..latire
period

11 50 - 3 175
Entire
period

2,5	 " 	D. 	. 3 50 - 1 142
Entire
period

6 48" D. F. 4 7 185
Entire
_period

The above table indicates that the control animals

were reguaar in every respect. The rats which received only

one gram of date 1er day were similar to the controls in that

they also lost weight, but they Jiffei flora the controls in

that time of survival was longer and total food intake was

greater. It indicates that this limited date intake supplied

a slight amount of vitamin B but not enough to allow for main-

tenance of weight. All the animals in this group were thin

and ematiated. All showed marked 'cutaneous malnutrition, and

had some difficulty of movement, although in no instance did
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the characteristic paralysis develop. Autopsy of these animals

revealed slight atrophy of certain of the internal organs.

Increasing the date supplement to 1.5 grams per 'clay

decreased the loss in weiaht slightly but Leneral condition

of the animals was similar to that of the one gram group.

A supplemental level of two grams per day allowed for

somewhat less than a maintenance of weight. The rats in this

group were snail, in most cases rough coated and Slightly

humped backed. That the vit:min B intake had been increased

over that of the previous group was indicated by the increase

in Toad intake which showed improved appetite.

A daily allotment of three grams of date par day al-

lowed for an average net gain of seven grams during the ex-

perimental. p:riod. This gain in weight indicated that three

grams par day contained more than a unit of vitamin B. It

seemed that the unit was somewhere between two and three, pro-

bably about 2.5 greins. The three rats which received this

amount of date showed net maintenance of weight during the

period, thus indicating that 2.5 grams of Deglet Noor date

contairEd one unit of vitamin B.

Growth curves based on average results with each level.

of date feeding are aiven in Charts XL, "la, XXI, XII, XXIII,

and XIV, on pages 74, 75, and 76.

Results are •summarized in the growth curves in Chart

XXV on page??.
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Summary and Discussion of Results of

Measuring the Vitamin B Content of Hayany and Deglet Noor Dates

The general method used for determining the vitamin B

content of Arizona dates was as follows. Young rats 21-28 days

old were put in individual all metal cages. A basal vitamin B

free diet was fed ad libitum, an accurate record af food con-

sumption being kept. Accurately weighed portions of the date

to be tested were given as the only source of vitamin B. Growth

response of the animals and general condition, were the criteria

by which the amount of vitamin contained in the date supplement

was measured. The results were expressed in the unit described

by Dr. Sherman as that amount which when fed to a standard test

animal will allow for net maintenance of weight during an ex-

perimental )aartiod of eight • weeks. Dates used in the determina-

tions were from the University Date Orchard, and were kept flip-

zen from the time of arrival to the time when they were fed to

the exper mental an inn is.

In the Hayaay series it was found that one gram per day

resulted in-loss of weight and development of characteristic

conditions following upon insufficient vitamin B intake. Two

grams per day allowed for net maintenance of weight, and'apprpx-

imately normal appearance of the animals. Three grams per day

permitted an average gain of fifteen grams, with none of the

indivations of vitamin B deficiency.
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In the Dagaet hoar series a daily allowance of one Bran

resulted in an averaEo loss in weiht of 11 grams. Two Erams

per day caused an averaJ,..e loss of three .?)2ams during the eiEht

weeks period, and slight evidences of vitadn B deficiency.

Three Trams of date per day allowed far an averaEe not gain

of seven crams durinT . the entire time, and none of the charac-

teristic symptoms of a lack of vitamin B developed.

The results are summarized in the followinb table so

that c	 ri so ns mayy be made between result s in each of the

two series of determinat ions. •

TE_DLE LTI I .

1.TEULTS OF FEEDIJO	 _LYD

DEGLET BO OR D.i.TES bT =_Tous au-P=== LEV:21,S

Vitamin B series

H I-ANY

per day

0

Number
of

Bat s

6	 •

Average
Initial
Weight

53

,Z-rans
Average

Ga in
Average

To tal
Food

Average
Sur-
v ival

-15 138 23 davs

1 2 61 -15 239
Entire
period

10 45 - 1 '210
Entire
12er io d

3 4 48	 . +15 239
E'nt ire
le riod

BEG-LET
BOOR

6 48 -11 132	 • 31 day s0

1 5 52 -11 170 42	 " .

11 50 - 3
.

170
Ent ire
_period

Entire
per iod48 4 7 185



4 Time Weeks /0
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The precedine table indicates a -_--lea-ked superiority of

the Hayany over the Deglet Naar as a source of vitamin B. One

gram of the ,Hayany conts:ns one unit of vitamin B but a similar

amount of Deglet Boor will not stvoort the reruired maintenance

of weight. The results indicate that the unit of Deglet Hoar

is somewhere above two crams, Put not as high as three. This

was borne out by the fact that the few rats which received. 2.5

grams per da y maintained the ir we ight during the emperiment al

period. It may be that this variation between the Deglet Nocr

and the Hayany is due to differences in ripeness at time of

picking or to method of maturation. It will not be possible

to make a definite statement concerning this point till further

work has been done.

:3ince it seemed of interest to compare the vitamin B

content of datas with that of other I•ruits, the falloYi ng table

was arran g ed.

T.L:J3LE _Ea III

riES -L.TLTS OF QUTIT--,51 1 17:

Ul'ON TUF VIUFLUFT B COENTEITT OF F72,UITS

Food
Unit s

per gram
Unit s

per ounce
Unit s

-per pound Symbol

'le .3 8 130 ÷

Banana .3 8 130 -f-

C,I-rapes .3 8 130 -1-

Orance Tuice ,3 9 150 ÷ 1--
•eglet Noor

Dates .5 14 226 -I--	 -V.

iayany Dates .5 14 226 '	 -i- 	-I-
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A tabulation of the vitamin content of fruits shows

that as a class they are not very rich in vitamin B. The

preceding table indicates that dates are richer in this vita-

min than any other fruit, which has been civantitatively tested,

and they can be classified as a good source of this vitamin.

The double plus symbol includes orange juice also, but the

number of units per gram is smaller for orange juice than for

dates. The table includes all fruits which had been Quantita-

tively measured at the time "Chemistry of Food and Nutrition",

1926 Edition, was published (25).
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The results of measuring quantitatively, the vitamin

A and B content of certain Arizona dates seem to warrant the

following conclusions.

Both varieties contained measureable amounts of vita-

mins A and B.

Hayany was superior to the Deglet Noor variety.

One gram of Hayany date contains one unit of

vitamin A.

One and a half grams of Deglet Noor seem to

contain the unit.

Hayany was superior as a source of vitamin B.

Two grams of Hayany contain one unit of vitamin B.

Two and a half grams of Deglet Woor contain the

unit.
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