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PRACTICAL NUTRITIONAL ASPECTS OF VITAMIN E
INTRODUCTORY REMARKS

By Philip L. Harri s

Research Laboratories, Distillation Products, Inc ., Rochester, New York

"Practical nutritional aspects" of vitamin E implies a quantitative knowl-
edge and a quantitative application of vitamin E in the nutrition of farm
animals and of man. The 1939 Conference had no session on practical nu-
tritional aspects because at that time the vitamin E field was still in its
"qualitative phase." Since then, foods and feeds, body-tissues and ex-
cretions have been analyzed for vitamin E . Losses of vitamin E due to
food processing have been studied . Increased requirements induced by
physiological stresses have been established . Also, methods for the deter-
mination of vitamin E concentration in blood have been developed and
applied to a variety of metabolic studies . In effect, the "quantitative
phase" of vitamin E research has been entered .

One practical outcome which has already emerged resulted from the
discovery that the process of aging flour with NCIs destroyed 80 per cent of
the vitamin E.1 Because of this loss of vitamin E, chemical treatment
of flour was discontinued in Germany five years ago . Another practical
advance is the adoption of regulations in Canada covering the use of vi-
tamin E in food and pharmaceuticals . The Canadian Food & Drug Division
has ruled that the amount of vitamin E in a preparation labeled to con-
tain this vitamin must furnish at least 10 I .U. in a minimum daily dose .
When the amount is over 50 I.U. in a daily dose, the preparatior. is con-
sidered therapeutic in nature and must be so labeled .2

Consequently, it seems that the basic purpose of the papers to be presented
in this section of the monograph is to evaluate critically the few data in the
literature which bear on the human and animal requirement for vitamin E
and to contribute new data from controlled and scientifically designed experi-
ments which will lead us nearer to the answer of how much vitamin E each
individual, animal and human, needs for optimum nutrition .

Somewhat pertinent to this problem, we attempted several years ago
to extrapolate from the vitamin E needs of the rat to a value for the mini-
mum daily requirement of humans .3 On the basis of direct proportionality
to body weight, a requirement for a 70 kg. human would be 60 mg. or more
of tocopherol per day . This seemed unreascnably large, so we then tried
to relate requirement to quantity of food ingested . Here, however, the value
arrived at for humans was only about 12 mg . of tocopherol daily. Thus,
although one value seemed much too high and the other much too low, we
used the range 12 to 60 mg . of natural tocopherols as the limits within which
the daily requirement for vitamin E probably falls .

Recently, Brody, of the University of Missouri, has presented a great
deal of evidence showing that various functions and reactions of the body
are related not to body weight but to the 0 .7 power of body weight .4 This
function of body weight (weight°•7) has been designated "physiological
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Harris : Introductory Remarks 24 1

weight," in contrast to weight,'•0 which is "physical" or "gravitational"
weight . Basal energy metabolism, endogenous nitrogen excretion, milk
energy production, egg energy production, and many related processes all
vary as the 0.7 power of body weight. Consequently, we wondered if
vitamin E requirement also varied with physiological, instead of physical,
body weight .

We therefore collected the data shown in FIGURE 1, which relates the
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log . of vitamin E requirement of animal species, where this can be calculated,

to the log . of body weight . The straight line which best fits the points in

FrcUxE 1 has a slope of 0 .73, not significantly different from Brody's value

of 0.7 . This means that for every 100 per cent increase in body weight,
vitamin E requirement would be increased by 70 to 73 per cent. For a

70-kilogram human, the value is approximately 30 I .U. of vitamin E per

day .
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These relationships, vitamin E requirement as a function of physiological
weight and the estimated human requirement for this vitamin, are presented
merely as working hypotheses to be modified, replaced, or confirrned . The
papers which follow will contribute data relative not only to these hypotheses
but to a variety of other quantitative aspects of the practical use of vitamin
E in nutrition .
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PHILIP L . HARRIS, MARY L. QUAIFE AND WILLIAM J . SWANSON

Research Laboratories, Distillation Products, Inc., Rochester, New York

(Received for publication October 29, 1949 )

Information regarding the vitamin E content of a variety
of American foods has not been available . Consequently, we
are presenting results obtained in our laboratory in the past
4 years, during which time we have analyzed commonly used
foods for total tocopherols and for a-tocopherol, utilizing
chemical procedures recently described (Quaife and Harris,

'48) . Incidentally, using these new values for vitamin E in
foods, we have made an estimate of the average per capita
consumption of total tocopherols and of a-tocopherol in the

United States .
METHOD

The foods in this survey were purchased on the open mar-
ket in Rochester, New York . Except for bakery products,

they were analyzed in their raw state, following such treat-
ment as would be given them in the home prior to cooking,

i .e., washing, peeling, and removal of inedible portions .

The chemical procedures used for determining total

tocopherols and y- plus 8-tocopherols in plant and animal
tissues have been described in detail by Quaife and co-

workers ('48, '49) . The difference between total and y- plus

8-tocopherol values was used as the measure of a-tocopherol
content except in wheat products, where (3-tocopberol is known

to occur. Values reported are the means of quadruplicate

analyses.

1 Communication no . 164 .
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aI:HtLTS :I

Fruits

It is interesting to note (table 1) that essentially all of th e
vitamin E in those fruits tested occurs as a-tocopherol. Prac-
tically no y- or ~-tocopherol was found. HoWever, the quantit y

TABLE 1

Tocopherol conttnt of fruits and ti•egetablf- x

TqCOPHP.HOL Cp\TES T

FOOD
mg/1 0 0 ,rn1 frexh

- -

meterial % of tvta E
tocopheroh+

me/ gm Fxtrarvt-1
lipid

To[i.ti
-

~ . T a a Total ---
-

a
Fruita t

Apples 0.74 < 0.02 0.72 > 97 3 .3 3 . 2
Bananas 0 .40 < 0 .031 0.3 7 > 93 2 .3 2 . 1
Grapefruit 0.26 <(1.p1 0.25 > 96 1 .6 1 . 5
Oranges 0.24 < 0 .01 0 .23 > 96 1 .5 1 . 4

1'eqFtab 1p x :

Beans, dried navy 3 .60 3 .30 0.1 0
Cabbage 0 .11 o .o :i fl.oB 0 .7 0 . 4
C arrots 0 .45 0 .00 0:45 1 00 2 .1 2 . 1
Celen• 0 .48 < 0 .02 0 .46 > 96 5 .4 5 . 2
Lettuee, head 7 0 .43 0 .14 0 .29 67 2 .6 1 . 7
Lettuce, head 2 0 .54 0°5 0 .29 54
Onions 0.2 6 0.05 0 .21 9 1 3.6 2 . 9
Peas, green 2.10 2 .00 0 .10 :i 2 .6 0 . 1
Potatoes, white ,
peeled 0.06 1 . 2

Yotatoe9, sweet 4 . 0 () ,Q 4 .0 100 .5 .7 5. 7
Tomatoes 0.36 0 . 0 9 0 .27 75 6.7 -,.r I
Turnip greens 2 .39 < 0.06 2f24 > 97 4 .2 4. 1

of a-tocopllerol in an average serving of these fruits is quite
low, 0.23 to 0 .72 mg, and this catep;ory of foods must be rated
as a rather poor 5ource of vitamin E.

I'e,getables

In generalizing abollt the total tocopherol content of th e
vegetables shown in Aable 1, one would consider that they are
better sources of vitamin E than fruits, since they range in
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VITAMIN E CONTENT OF FOODS 369

concentration up to 2 .30 ing per 100 gm for turnip greens and
3.60 mg for dried navy beans . However, with regard to their
a-tocopherol content, most vegetables fa.ll in the range from
0.06 to 0.45 ing per 100 gm, and are thus similar to fruits
as sources of vitamin E activity. An exception is turnip
greens, which appear to be an excellent vegetable source of
vitamin E, with 2 .24 mg of a-tocopherol per 100 gm.

The tocopherols of certain vegetables - turnip greens, car-
rots, and celery - are almost 100% in the a-form . The to-
copherols in legumes, navy beans and peas, contain practically
no a-tocopherol, while in other vegetables a-tocopherol rep-
resents from 50 to 80% of the total tocopherols .

It is interesting to note that the a-tocopherol content of
the present samples of celery, sweet potatoes, and tomatoes,
when expressed on the basis of lipid content, is surprisingly
high. Thus many vegetable oils may be considerablyT richer
in vitamin E content than wheat germ oil .

Emmerie and Engel ('43) reported essentially the same
range of values for vegetables in Holland as that shown in
table 1. Their samples of carrots and celery, however, were
three to 4 times richer in total tocopherols . In addition, they
found kale with 8.0 mg and parsley with 5.5 mg of total
tocopherol per 100 gm to be among the richest vegetable
sources of tocopherol .

Potatoes, both in Holland and in this country, are low in
vitamin E potency. Emmerie and Engel's value of 0 .1 mg

and the value in table 1. of 0.06 mg of total tocopherols per
100 gm establish this widely used vegetable as a poor source
of vitamin E.

Cereals and bakery products

The foods in this classification are generally considered the
richest sources of vitamin E in man's diet . And it is evident
from table 2 that the a-tocopherol content of whole grain
cereals is relatively high, ranging from 0.84 mg per 100 g;m for

corn to 1 .94 mg for oats. East. Indian unpolished rice (Engel
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3(G HARRIS, QUAIFE AND SWANSO N

and deVries, '46) and Dutch oatrneal, barley and rye (Em-
merie and Engel, '43) are probably also in this range, judging
from their high total tocopherol values .

TABLE 2

Tocopherol content of cereal and bakery products

TOQOPn^ E EdOL CO27TEliT

FOOD

Cereals :
Cornmeal, yellow
Farina (breakfast

food) '
Oatmeal
Rice, brown
Rice, polished
Rice, polished,
converted

Wheat, white flour
(80% extraction )

Wheat, whole wheat
flour

Wheat, spaghetti

mg/100 gm fresh materia l

Total ' y + E a

1 . 7 0 0 .86 0.8 4

1 .6 0
2 .10 0 .16 1 .9 4
2.40 1 .20 1 .20
0 .77 0 .22 0 .35

0.23

1.20

2"0
1 .2 0

Bakery products :
Bread, white 0. 2 3
Bread, whole wheat 1 .3 0
Cake, light ,

unfrosted 1 9 .65 7 .06 2 .5 9
Cake,light ,

unfrosted 2 8 .42 4 .03 4 .3 9
Cookies, sugar 1 6 .86 4 .87 1 .9 9
Cookies, sugar 2 9 .97 4 .96 5 .0 1
Cookies, chocolate
marshmallow 4 .82 3 .40 1 .4 2

Cookies, tea, miaed 8 .74 4 .92 3 .8 2
Crackers, soda 3 .7 0
Doughnuts _' . .i•' 1 .74 0 .7 8
Pie, apple 1 0 .20 < 0 .04 0.16
Pie, apple 2 0. 2 9 0 .10 0 .1 9
Pie, apple 3 2 .20 1 .40 0 .8 0
Pie, lemon cream 7 .64 4.90 2 .7 4
Pie shell, baked 0.87 0.38 0 .49

% Of total mg/gDa
tocopheroFa extracted lipi d

a Total a

49 1.7 0. 8

1 . 9

92 0.3 0. 2
50 1 .1 0. 6
61 1.2 0. 7

0.8

0 .9

1 .4

1 . 3

0 .2

0 . 8

27 0.5 0. 1

52 0 .6 0 . 3
29 0.7 0. 2
50 0.7 0. 3

29 0.3 0 . 1
44 0.5 0 . 2

0 . 3

31 0 .1 0.0 4
> 80 0 .02 0 .0 2

66 0 .04 0 .03
36 0 .3 0. 1
36 0 .6 0 . 2

56 0.2 , 0 .1 .
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VITAMIN E CONTENT OF FOODS 37 1

The tocopherols of oatmeal are almost all a-tocopherol,
whereas in most other cereals only about half the tocopherols
are in the a- form. However, it was practically impossible
to analyze wheat and wheat products for non-a-tocopherol
content because of an anomalous color reaction which they
give with diazotization reagents . Consequently only total
tocopherol values are reported for wheat products, although
from bioassay data we estimate that about 50 to 60% of the
tocopherols present are in the a- form . ,

The very great loss of vitamin. E due to the processing
of cereals is illustrated in table 2 by the tocopherol values
of rice and wheat . The consumer of polished rice obtains only
about one-quarter of the vitamin E that he would from brown,
unpolished rice. Engel ('46) reports a similar value, one-
sixth, as a measure of the vitamin E retained in rice after
polishing. Whole wheat flour loses about half its total to-
copherol content when milled to white flour such as was used
(80% extraction) in wartime in this country. If comparison

were made between white and whole wheat breads using the
tocopherol values reported in table 2, it would be concluded
that whole wheat bread supplies a much more significant por-
tion of the total daily intake of vitamin E . Assuming a daily

consumption of 200 gm (8 slices) of bread, the use of white
bread would supply only 0 .46 mg of tocopherols, whereas

whole wheat bread would furnish 2 .60 mg.
Similar conditions exist in Holland. Both wheat and rye flour

( 80' extraction) possess only one-half to one-third `the vita-
min E of the whole grain from w'hich. they were milled .

Furthermore, the bleaching' of flour with NC132 and benzoyl
peroxide destroys as'much as 70% of the remaining vitamin
E in wheat, rye, and barley flour (Engel, '42) .

The vitamin E content of bakery products varies both be-

cause of variable losses due to the cooking process used and

because of the type of ingredients used in the recipe . All of

the cakes, cookies and pies listed in table 2 were commercial

bakery products obtained from grocery stores and bakeries,

2 Agene.

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



372 xABa.cis, QUAIFE AND SWANSO N

and no information was available concerning their com-
position . It is evident from the tocopherol content of these
products, expressed on a fat basis ( 0.02 to 0.74 mg tocoplierols/
gin of fat), that lard, vegetable shortenings, and mixtures of
animal and vegetable fats could have been and probablv
were used as ingredients. The destruction of vitamin E by
the baking process is probably relatively slight although
the ex tent of destruction cannot be ascertained from these
data .

However, deep-fat cooking can destroy considerable vitamin
I+:, as is exemplified by our results obtained with doughnuts .
Samples of both doughnuts and cooking fat were obtained
from a small commercial doughnut bakery where baking
operations were typical of this industry . The shortening
used as an ingredient in the doughnut recipe and to refill
the cooking vat was a good quality, partially hydrogenated
vegetable oil containing 02.8 mg of tocopherols per 100 gm.
At the start of the day's cooking operation, this sliortenin~
was added to the fat remaining in the cooking vat from the
prev ious day's bakin€;. A sample of this mixture contained
19.4 mg of tocopherols per 1 .00 gm. The fat from doughnuts
in the first batch cooked showed a tocopherol concentration
of only 12.1 mg/100 gm. At the end of the day a sample
of fat from the cookin g vat had a tocopherol content of
10.7 mg/100 gm, and the fat from doughnuts baked in the
last batch contained G.R mg/l00 ,-m. The extent of the loss
of tocopherol due to deep-fat cooking is not merely from
19.4 mg ,`'c, the potency of the fat in the cooking vat, to 6 to
12 mg ;1c' , the fat in the cooked doughnuts, but must be
measurecl from a value somewhere between 10.4 mg % and
92.8 nig % , the concent.ration of tocopherol in the shortening
used in the doughnut dou gh .

Mcats, ftsh, p ou ltry and dai.ry prodtrct s

It is evident from an examination of table 3 that foods in
this categ-ory are relatively poor sources of vitamin E, with
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VITAMIN E CONTENT OF FOODS 373

the exception of eggs . Two eggs will supp]y 2.4 mg of tocoph=
erol, about 60% of which is a-tocopherol.

The low tocopberol content of animal tissues may reflect

loss during and after processing, since many fresh animal tis-

sues obtained from animals on diets containing a minimum

of vitamin E have shown a tocopherol content as high as 10

times the values in table 3. Stored tissues oxidize qt. ;cl:l` and

lose vitamin E, even though stored at low temperatures (Chip-

ault, Lundberg and Burr, . '45 ; Quaife and Dju, '49), The

TABLE 3
Tocopherol content of meats, fish, poultry and dairy product s

FOOD S

hfeats :
Bacon
Beef, steak
Beef, liver
Lamb, chops
Pork, chops

Fash :
Haddock

Poultry :

Chicken

Eggs, whole

Dairy p.°odnctso

Butter

Cheese, American
lce cream, vanilla
Milk, -hole fluid
Milk, evaporated

TOCOPHEROL CONTEN T

mg/100 gm fresh material
% of total

tocopherol s

Total ry+S a a

0.53 < 0 .09 0 .44 > 83

0 .63 < 0 .16 0 .47 > 75

1 .40 0 .00 1 .40 100

0 .77 <0.15 0 .62 > 8 1

0.71 < 0 .08 0 .63 > 89

0.39 < 0.04 0.35 > 9 0

0.25 < 0.04 0.21 > 84

2.00 0.84 1.16 58

2 .40 0.0 3

1 .00 . . . 0 .0 2

0 .30 . . . . .. 0.05

0 .12 0 .0 3

0 .30 . . 0.0 4

mg/gm
extracted lipid

Total a

0.01 0.01

0.02 0.02

0.3 0.3

0.03 0.02

0.03 0.03

0.7 0.6

0.05 0.04

0.2 0. 1

low tocopherol values in this category are probably also
due to the low dietary intake of the animals, since the vitamin E
content of eggs, and of the other animal products too, has
been shown to be dependent upon the level of vitamin E in
the feed of the chicken, turkey, pig, and rabbit (Chipault,

Lundberg and Burr, '45 ; Major and Watts, '48) . When the

level of vitamin E feeding is low, seasonally or by locality,
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374 HARRIS, QUAIFE AND SWANSO N

the food products from the animals will be correspondingly
low, and vice versa .

The relatively high value for the vitamin E content of fat
from haddock, as shown in table 3 and in Jansen and Kring-
stad's report ('42) that sardines have 4 .5 mg tocopherol/
100 gm (0.45 mg/gm of fat), suggests that fish may be a rich
source of this vitamin . However, except for sardines and cod
roe, other fish are reported (Jansen and Kringstad, '42 ;
Kringstad and Folkvord, '49) to be lower in tocoplierol content
and, in general, in the same range as mammalian meats and
poultry ; e.g., salmon and mackerel 1 .6 to 1 . 8 mg o, and her-
ring 0.5 mg % .

Abderhalden ('47) reported an average concentration of
0.06 mg % of tocopherols in cows' milk, with a range of from
0.02 to 0 .10mg % . Milk in the Netherlands has been reported
to contain 0 .02 mg of tocopherol per 100 gm (Emmerie and
Engel, '43) . The value in table 3 of 0.12 mg per 100 gm is
higher than those reported abroad and is explained on the
basis of probable differences in the tocopherol level in the
feed of the cows, although differences in the analytical pro-
cedures used may provide a partial explanation . In general,
however, it may be concluded that cows' milk is a relatively
poor source of vitamin E . One quart of milk would furnish
only about 0.5 mg of tocopherol .

The processing of milk to make cheese, butter, or evapo-
rated 'milk- apparently does not destroy vitamin E . The to-
copherol content of these products is similar to that of milk
when expressed on a comparable basis (table 3) - 0 .02 to
0.04 mg of tocopherol-s per gram of fat .

Oils and fats

An examination of table 4 reveals a remarkable difference
in the vitamin E content of fats and oils of vegetable origin
compared with those of animal origin. The former with few
exceptions are rather good sources of vitamin E, while ani-
mal fats are uniformly quite poor sources . Several oils -
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376 HARRIS, QUAIFE AND SWANSO N

coconut, olive, and sesame - have relatively low concentra-
tions of tocopherol, . 3 to 1$ m~ per 100 am, compared with
other vegetable oils, but neverthless they are still superior
to butter and lard with respect to vitalnin E .

Soybean oil, as is characteristic of leguminous seed oils,
and corn oil have only about 100 of their total tocopherols
as a-tocopherol, whereas cottonseed, peanut, rice bran and

TABLE 5

Tocopherol eontent of nnisocllancovs foods

Toc•uPnrrsor.

FOOD
mr/100 gm fresh material ~Io of total m~/Km of

to ropherols extrscted fat

------- -- _ _ -- --------- - ---- ------ ------ -, -
TWO y+S a a Total a

Chocolate ,
unsweetened 11.10 5.80 5.30 48 0.2 0.1

Cocoa ( Emmeri e
and Engel, '43) 3. 1

Peanuts 9.30 4.70 4.60 49 0.2 0.1

Potato chips 3.22 1.08 2.14 67 0.1 0.1

Pudding,'
chocolate 0.69 0.0 0.69 100 0.3 (). :r

Pudding,'
vanilla 0.31 0.0 0.31 100 2.1 2.1

Yeast, dried
brewers' = 0.0 0.0 0.0

As purchased in dry powdered form .
= Yeast is devoid of vitamin E potency, as is evidenced by its use at a 10r/o level

in the basal diet used in the standard vitamin E bioassay procedure. IIowever,
yeast fat does have reducing substances present which are measured as ahparent
tocopherols by the chemical method .

wheat berln oils have from 55 to 70% of their total vitanlin
E as a-tocophel•ol. The samples of margariile tested ap-
parently were manufactured largely from vegetable oils,
jlzdgina by the relatively h'i,_o~h concentrati .on of total tocoph-
erols. Also, because of the low value found for the ratio of
a- to total tocopllerol, these oils were probably soy or corn
oils, or both .
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Miscellaneous

A knowledge of the concentration of tocopherol in the
miscellaneous list of foods in table 5 is helpful in making
dietary analyses for vitamin E . Chocolate is the only food
on the list especially rich in this vitamin . Chocolate as candy
bars, which sometimes make up as much as 10% of the caloric
content of diets (McCay et al., '45), would supply an ap-
preciable and probably significant quantity of a-tocopherol
to the consumer.

The high value for peanuts (table 5), 9 .3 mg of tocopherols
per 100 gm, of which about 50% is a-tocopherol, establishes it
as an excellent food source of vitamin E and arouses interest
in the vitamin E content of other nuts . Lundbor.- ('45) found
11 .2 mg of total tocopherol per 100 gm of peanuts, and Em-
merie and Engel ('43) report high tocopherol values for
beechnut and palm oils, indicating that the original nuts
were probably rich sources of vitamin E .

DISCUSSION

With values available for the vitamin E content of foods,
it is a temptation to evaluate various standard diets to obtain
an estimate of the human daily intake of this vitamin, or
more significantly, of a-tocopherol . Hickman and Harris
('46) have already speculated that the daily dietary intake
for individuals may range between 1 .5 and 44 mg of d, a-
tocopherol (3 to 88 mg of mixed natural tocopherols), depend-
in; upon socio-economic status. In Holland, Engel ('46)
calculated that an average of 15 .7 mg (a range of from 10 .7

to 23.9 mg) of total tocopherols were consumed daily . This

amounts to about 8 mg of d, a-tocopherol, assuming that
approximately 50% of the natural mixed tocopherols in
foods are in the a- form . Quaife, Swanson, Dju and Harris
('49) reported an estimated daily intake of a-tocopherol of
from 4 to 9 mg for individuals on reducing, low-sodium, or
diabetic-type diets, or those receiving only the basic foods
recommended by the National Research Council . For in-
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378 HARRIS, QUAIFE AND SWANSO N

dividuals on a'`fattening" diet, an intake of from 10 to
2.7 mg of a-tocopherol was estimated.

A slightly different approach to an estimation of per ca-
pita food consumption may be made from data compiled by
the United States Department of Agriculture ('44) . The
sum total of all of the foods sold commercially in the United
States, divided by the population, gives values for each of

TA BL E 6

Vitamin E content of he average daily per capita food consumption in the U . S .

in 1948 (U .S .D .A ., '49)

VITAMIN E INTAKE

AVERAO

E COMMODITY CONBUMPTION Tota ltocopherol a'Tocopberol

Fats and oils, incl . butter
Grain product s
Meat, poultry and fish
Potatoes and sweet potatoes
Eggs
Dairy products, eacl. butter
Gre ;n leafy a,d yellow
vegetables

Dried peas, beans and nuts
Citrus fruits and tomatoes
Other vegetables and fruits
Coffee, tea and cocoa
Sugar and syrup s

Totals

gm/day mg/day mg/day

80.8 14 .42 7 .87

212 .5 2.85 1 .7 8

196 .4 1 .17 0 .9 9

142 .9 0 .87 0 .84

58 .4 1 16 0 .6 8

535 .6 0 .58 0 .5 8

141,7 1 .15 0.5 0

19 9 1 .23 0.43

130 .5 0 .38 0 .3 5

290.8 0 17 0 .1 2
~3 .6 0 .13 0 .06

131 .7 0 .00 0 .00

1,964 .8 24 .12 14.20 ( 59 ~Jo of

tota l

tocopherols )

the foods which, if used as consumption values, must be
accepted as maximum. This is true because much of the
foodstuff sold is not actually consumed but is lost during
transportation or display in retail stores, or wasted dur-
ing preparation and cooking. Nevertheless, the average in-
dividual food consumption calculated in this way would
furnish about 19 mg (17.5 I . U.) of a-tocopherol daily . Thus,
this value would seem to be the maximum obtainable by the

(b
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average American. More recent government values for av-
erage per capita food consumption (U . S. Dept. of Agricul-
ture, '49) indicate that 14mg ( 1 3 LU.) of a-tocopherol is a
more likely value for the mean daily intake of vitamin E,
since it is based on directly measured per capita food con-
sumption as shown in table 6 .

SUMMARY AND CONCLUSIONS

Commonly used foods, typified by those available in
Rochester, N. Y., have been chemically analyzed for their
total tocopherol and a-tocopherol content .

On the basis of the results obtained, the average per capita
consumption of vitamin E in the United States has been es-
timated as 14 mg of d, a-tocopherol (13 LU . ) daily.

The richest dietary sources of vitamin E are certain of
the vegetable oils . Cereal products and eggs are next in order
of . nutritional importance. Vegetables supply very little of
the daily intake of vitamin E ., both because of their low con-
centration of total tocopherols and because in most instances
a large portion of the tocopherols present are the relatively
inactive, non-a-tocopherols . Animal products, similarly, are
rather poor sources of vitamin E because of their quite low
and variable concentration of total tocopherols, practically
all of which, however, is a-tocopherol .

The tocopherol concentration in animal products is prob-
ably directly proportional to the level of vitamin E in the diet
of the animals from which they come and, inversely, to the
severity of processing and length of storage to which they
are subjected.

The value of cereal products as a source of vitamin E cer-
tainly depends upon the extent and severity of the milling
process which they undergo prior to consumption .
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Chemical Additives in Food
By PAUL B . DUNBA R

As Dr . Dunbar Retires, After Forty-four Years in the Pub-
lic Service, He Points Out Four Important Tasks Which
the Food Industry Should Undertake Without Delay

MORE THAN TWENTY YEARS AGO, a very wise and far-

sighted man in the food industry expressed to me concern

about the possibility that food manufacturers would become obsessed
with the growing American interest in health foods and health

fads to the point that they would be tempted to turn their wholesome
and palatable food products into something closely approaching "patent

medicines." It was his conviction that the future of his industry lay
in the improvement of methods of packing foods to retain all their

finest natural qualities . He felt that the product of his industry should
not be made to appeal exclusively to the invalid class but should appeal

to the population as a whole, because it was a first-class food .

Today as Yesterda y

That man was the late Frank E . Gorrell, secretary of the National

Canners Association ; a man who was responsible for organizing one

of the greatest food industries in the United States . Mr. Gorrell asked

me to address the National Canners Association at its Chicago meeting

in January, 1930, and discuss this subject under the title "Government

Attitude on Health Claims for Foods." In preparing this discussion,

I looked up that paper. A great deal of it could be read today with

considerable timeliness-these sentences, for example :

"The American public today has an obsession on the question of

health-health foods, health fads, health exercises . In the lingo of the

day, the public is `health conscious' . "

Referring to the increasing knowledge of vitamins and food acces-

sories, the paper read :

"It is not surprising that a subject so closely associated with the

public health has appealed immensely to the public fancy . The public

is only too prone to believe what it wants to believe . In its ignorance

431
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The Author Recently Retired as
Food and Drug Administrato r

of the present-limitations of scientific knowledge it has been disposed
to ,::ccept without reservation the most extreme, and in some cases
ridiculous, claims for the wholesomeness and health-giving qualities
of various products ."

Carrying out my promise to Mr . Gorrell, I . referred to the dis-

position displayed by manufacturers of certain food commodities to
attempt the attainment of a perfected food by the addition, in more or
less arbitrary fashion, of some of those ingredients which investigators
tell us are essential to a balanced ration . The paper recognized that
some of these additions are highly desirable, but the view was expressed
that "in a nation like the United States, with an extremely varied and
,nutritious food supply available in almost all sections and at all times
of the year, with ample sunshine and fresh air, wholesome water sup-
plies, and abundant and pure milk, it is hard to believe that the average
consumer has arrived at the point where it is necessary to doctor his
food supply." I have not changed the view expressed in that last
quotation .

Nutritionists v. "Crackpots "
Now what are the events that have led up to passage of the House

resolution authorizing the Delaney Committee investigation, and what
significant things have been brought out by that investigation? First,

as my quotations from the paper of twenty years ago reveal, there
isn't anything novel about the situation . As far back as any of us can
remember, we have had nutrition zealots among us, many of them
sincere, many of them with something to sell, many of them just plain
crackpots . But they all acquired a following .

Along with the cranks and nostrum vendors there were sincere
and competent nutritionists who clearly perceived that there were some

nutrition areas that needed attention . The first that comes to mind is
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the area in which research led up to the incorporation of vitamin D in
milk., We are all agreed that that was a sound and necessary nutri-
tional advance . It was truly an example of chemical addition to food .
Certainly it was in the public interest . I know of no one who contends
that that type of chemical additive is objectionable . Another develop-
ment, equally meritorious, which followed soon thereafter, was the
program for the enrichment with necessary vitamins and minerals of
flour and other cereal products . This was another example of chemical
additives in the pu b lic interest .

Deceit of Layma n
It is unfortunate, however, that in their justified zeal for encourag-

ing worth-while improvements in the food supply, some nutritionists
have oversold the lay public on the idea that the food of the nation has
seriously deteriorated in nutritive value . This representation provided
an excellent background for those food faddists or cultists who had
something to sell . By adroit use of perfectly valid scientific quotations
they could impress on the public (by that time readily reached by
radio) that the nation was on the verge of nutritional disaster and that
its only salvation was to adopt the particular remedy they had to offer .

It was but a short step from there to the development of the idea
that the food industry is deliberately debasing the food supply by
excessive refinement, and then to the next step-that our soil is being

depleted by the misuse of fertilizers, so that the foods grown on it are
no longer of optimum nutritional quality .

Serious concern among members of Congress about the whole
nutrition situation was responsible for the resolution establishing the
Delaney Committee . That able committee has given long and serious
consideration to the whole question . It has collected a vast amount of
extremely important evidence . It has also had to listen to the views
of some very earnest individuals who, notwithstanding the seriousness
of their contentions, seem to be completely out of step with the best
scientific knowledge obtainable .

Examples of Misunderstanding
A gentleman came to my office recently, urging the dismissal of

the Chief of our Division of Nutrition because he had had the temerity
to testify that, in his judgment, the country was not suffering from
national malnutrition because of the widespread absence of trace ele-
ments in the soil . This gentleman sincerely believed that the country
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would be on the verge of disaster if our entire fertilizer scheme was not
revised to incorporate these trace elements in the fertilizers used
throughout the nation. The alternative to this, so he said, was to rely
onmixtures of vitamins and minerals which would tide us over until
agriculture reaches a period of sanity. He deplored the fact that the
Food and Drug Administration was making criminals of these saviors
of the nation by bringing prosecutions against distributors of these
lifesaving mixtures .

Typical of the scare technique being used is the campaign of one
broadcaster in the metropolitan area of New York. His thesis is that
through ultrarefinement in manufacture and through soil starvation,
our food supply has reached a point where it can no longer maintain
national health and strength . Specifically, he charges that the Food
and Drug Administration, by proposing to define white bread, has put
a top ceiling on nutritive qualities . One means of salvation is to buy
the product put out by one of the broadcaster's clients, which, because
it has not been standardized by the Food and Drug Administration
(according to the broadcaster), does contain soy flour and the other
elements necessary to nutritional salvation.

This kind of advertising propaganda must not be regarded as
unimportant . According to the criteria employed by the broadcasting
companies and the many protesting letters we have received, a large
number of persons have listened to the broadcasts and have been
impressed with the seriousness of the menace hanging over our nation

through-let us put it bluntly-the lack of integrity of the Food and
Drug Administration and the food industry .

Consumer Concern
Here are some things that appear obvious to me :

First, the entire American public is vitally concerned about the
purity of its food supply : it wants freedom from positively or potentially
harmful substances and it is concerned about deficiencies in what it
believes to be essential nutritional ingredients.

Second, a growing proportion of consumers, egged on, by food
faddists who are masters in the use of the scare technique and the
use of accurate scientific information to further a false conclusion,

believes that the food industry is interested solely in profit, is brutally
reducing the nutrition standards of the people, and is permitted to do
so by the connivance or inaction of the government . This is shown by
the large and growing number of protesting letters we are receiving
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from consumers and by the consumer acceptance of products promoted
by nutrition quacks . Actually, our law-enforcement activities are
becoming more and more involved with products whose labeling is
based on quackery .

Third, a growing number of consumers seems to believe that not
only are food products being debased by over-refinement, but also that

dangerous chemicals are being added to them with a callous disregard
for human health. Part of this apprehension is undoubtedly due to the
publication of partial reports of the testimony presented to the Delaney
Committee : testimony which accurately stated that many hundreds of
different types of chemicals have been suggested from time to time
for use in foods . This has been interpreted by the careless reader as
meaning that this number of poisonous chemicals is being employed .
There are, of course, some authentic cases where dangerous substances
have been employed by manufacturers after very cursory efforts to
learn in advance whether they are safe . The food industry, in general,
is aware of its obligation and takes adequate precautions to undertake
suitable toxicological studies before using any chemical substance in
food. Does the consuming public know this, however ?

There is something more to be considered than mere safety-
whether or not the added chemical really contributes something worth-
while to the food. The attitude of the thinking part of the consuming
public is very well summed up, it seems to me, in a resolution adopted
by the board of directors of the General Federation of Women's Clubs
and made a part of the Delaney hearing record. In substance, it says
that nonnutritive ingredients should not be added to any food produrt
unless their addition serves some purpose useful to the consumer and
unless they have first been certified by the Food and Drug Administration

to be noninjurious, nor should any such proposed ingredients be added
if they are to be substituted, in whole or in part, for natural food elements .

Some time ago I had a visit from a group of bakers . Our talk
naturally drifted to the Delaney hearings, to the matter of emulsifiers
in bread and to other subjects of importance to that industry . I
remarked that I wondered whether the time had not come for the

bakers' association to do some soul searching with the object of
possibly reorienting its program. Were bakers right in trying to
produce the whitest and most uniform loaf of bread possible, in the
belief that that was what the consumer wanted? Was it possible that
they had misinterpreted consumer desires? If the consumer reaction

on bread means anything, doesn't it mean that a growing proportion
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of the population is dissatisfied with what one consumer described as

"cotton fluff wrapped up in a skin"? I cited the growing popularity
of breads and rolls that feature the use of unbleached flour and natura l
food shortenings .

I wondered whether there was any real reason today for believing
that the average housewife wants the completely white product attained
only by the use of bleached flour ; whether there was anything normally
repulsive to the housewife in the natural creamy color of unbleached
flour ; or whether there was any serious objection because different
batches of flour differ in degree of color. Isn't it about time to re-evaluate
what the consumer wants and then give it to her ?

Don't misunderstand me . I am a chemist and I know that many
of the products of the chemical industry vastly improve the nutritive
value and palatability of foods. I note that the label of a very popular
brand of rolls made with unbleached flour carries a sodium propionate
declaration . This suggests that the consumer is not necessarily
offended by the use of a chemical that serves a useful purpose and is
wholly without public health significance .

Suggested Solutions
Isn't it about time for the food industry, whether it be the baking

segment or any other segment, to begin to consider and evaluate what

the consumer really desires and get back to first principles in so far as
it is possible to do so? At the same time, it should use every means
at its disposal, by education and by advertising, to offset the propaganda
of nutrition quacks who actually are trying to sell something, but who
have convinced the radio public, at least, that they are the only ones
who stand between the nation and nutritional disaster.

To sum up, it seems to me there are four jobs the food industry
ought to undertake without delay :

(1) It should re-examine present ideas of what consumers want
and find out what they really do want .

(2) It should revise, where necessary, its production practices to
meet consumer demand .

(3) It should take steps to maintain consumer confidence in the
American food supply by an educational campaign to counteract the
false teachings of nutrition quacks.

(4) It should support sound legislation to prevent the use in foods
of chemicals untested for safety or serving no definitely useful purpose .

[The End]
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Blood Tocopherol Values in Normal Human Adults and Incidence of
Vitamin E Deficiency. (26631)

PHILIP L . HARRIS, EDWARD G . HARDENBROOK, FREDERICK P. DEAN,

ELEANOR R . CUSACK, AND JAMES L. JENSEN*

Biochemistry Laboratories, Distillation Products Industries, Division of Eastman Kodak Co .,

Rochester, N. Y .

Under controlled experimental conditions,
the human requirement for Vit . E varies 6-
fold or more, depending on other dietary fac-
tors-primarily the content of unsaturated
fat (1,2 ) . This discovery has stimulated in-
terest in the Vit . E nutriture of populations
of normal subjects on practical diets .

For this reason we present in Table I the
results of a survey of blood tocopherol levels
made in Rochester, N. Y., as part of a com-
prehensive study of the influence of multi-
vitamin supplementation on blood levels of
Vit . A, C, E, and carotene .

The subjects, presumably in good health
and receiving adequate diets, were 120 male
and 77 female industrial workers, 17 to 64

years of age. At the beginning of the study,
before supplementation, the values ranged

from 0.36 to 1 .80 mg/100 ml . (For toco-
pherol analysis, the method of Quaife and
Harris was used(3) on blood samples drawn
in the morning while the subjects were in a

fasting state.) In agreement with the mean
values found for other populations (Table

11), the mean value was 1 .05 ± .32 mg toco-
pherol/100 ml plasma. Thus the present
data confirm the generally accepted conclu-
sion that the normal plasma tocopherol level
for humans is very close to 1 .0 mg/ 100 ml .

It is important to recognize, as Edwin et

al . (21) have pointed out in their critical eval-
uation of analytical procedures used for
measuring tocopherols in animal tissues, that
most such values represent total reducing
materials rather than tocopherol per se .
Chromenols, reduced ubiquinones, and other
antioxidants as well as tocopherols may be
present in blood and other animal tissues ;
these are measured as tocopherol unless such
a step as paper chromatography as recom-

* Present address : Beebe Laboratories, Inc ., St
Paul, Minn .

TABLE I . Frequency Distribution of Plasma To-
copherol in Normal Adults (Rochester, N . Y .) .

Plasma tocopherol No . of Frequency
values (mg/100 ml) persons (%)

.30- .39 3 2

.40- .49 10 5

.50- .59 6 3

.60- .69 9 4

.70- .79 14 7

.80- .89 13 7

.90- .99 22 1 1
1 .00-1 .09 29 1 5
1 .10-1 .19 34 1 7
1 .20-1 .29 21 1 1
1 .30-1 .39 8 4
1 .40-1 .49 8 4
1 .50-1 .59 6 3
1 .60-1 .69 9 4
1 .70-1 .79 4 2
1 .80-1 .89 1 1

197 100

Mean 1 .05 mg ± .32 (S.D . )

mended by Edwin and coworkers is included

in the procedure.
In future nutritional surveys, measuring

some physiological function related to the

tocopherol nutriture of the body would be
even better than measuring tocopherol per

se. Such a method-measurement of the
susceptibility of red blood cells to hemolysis

--is now available.t Increased susceptibilityd
of red blood cells to hemolysis is the earliest

indication of Vit . E deficiency, as was dis-,
covered first in animals(22) and is now~
known to apply to human infants(23,24) and,

adults(1,2) .
t The test is easy to do, and the results are un-

equivocal(25) . The red blood cells from a few

drops of blood are washed, then incubated .with

dilute hydrogen peroxide . The amount of hemo-
globin released by rupture of red blood cells is !
measured colorimetrically and expressed as a per-,
centage of complete hemolysis . Persons with ade-',

quate vit E nutriture have red blood cells that are I
completely resistant ; those low in tocopherol have'
red blood cells that show a significant degree of

hemolysis-over 20% .
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TABLE II . Plasma Tocopherol in Normal Humans.

No. of
subjects Locale Mean S.D . Reference

122 Holland .77 + .3 .5 Engel(4 )
14 New York City .78 ± .39 Hillman and Roener(5 )
74 Nashville .89 ±•20 Ferguson et al.(6 )
20 Italy .92 ± .2 .5 Rindi and Perri(7 )
12 New York City .96 ± .33 WechHler et al .(8 )

188 St . Louis .98 ± .30 Chieffi and Kirk(9 )
116 Hungary .99 ± .25 Kramer(10 )

35 9teiiacoom (Wash .) 1 .04 ±,25 Van Bruggen and Btraumfjord(11 )70 Birmingham 1.04 ±,30 Harris et al .(12 )
17 Rochester 1 .05 ±,27 Scrimshaw et al.(13 )

583 England 1 .05 ±,23 Leitner et al.(14 )
197 Rochester 1 .05 ± .32 Harris et at., present study
]0 ])urham 1 .06 + .06 Darby et al .(15 )
30 Philadelphia 1 .08 ± .29 Urbach et al .(16 )
21 Nashville 1 .09 ± .17 Lemley et al.(17 )
13 Rochester 1 .20 ±,22 Harris and Quaife(18 )
30 Boston 1 .20 ±,22 Poetel(19)
23 New Haven 1 .23 ± .31 Klatakin(20 )

1575 Weighted mean" = 1 .01 ± .24 (13 .D.f )

Weigh
4 n 1 + M2n, + Mana + etc.

ted rnean = -- ~ -
N

e,2 (n-1) f H,' 6l -1) {- RAY(rt - 1) + etc.
t 8 (Ntan (] . I]eV .)

N- K
where N_ No. of individual values (determinationy) and K = No . of separate means (atudies) •

In both children and adults a significant
degree of red blood cell hemolysis occurs
when serum or plasma tocopherol concentra-
tion falls below 0 .5 mg/100 ml. Using this
relationship, a tentative interpretation with
respect to incidence of Vit. E deficiency can
be made of the data from the present survey
and those previously reported .

The Rochester study shows that 7% of
the subjects had values in the deficiency
range. Only 3 other surveys gave the dis-
tribution in detail ; these show that 12P/o of
the Holland subjects, 4 fo of the Birmingham
subjects, and 2~fo of the British subjects had
blood tocopherol values in the deficiency
range .

There is not yet enough information avail-
able for us to speculate on the diets of the

persons having low blood tocopherol values,
especially concerning the newly-raised ques-
tions : were the a-tocopherol intakes (in con-
trast to total tocopherol) relatively low, or
were the unsaturated fat intakes relatively
high? Whichever the case, these data show
that a significant number of persons had a
tocopherol deficiency symptom. Future nu-
trition surveys, using the blood hemolysis

test, will not only supply interesting am-
parative data on incidence of tocopherol (h •-
ficiency-they may also show relationships
between dietary tocopherol intake and r(•rl
blood cell hemolysis test values from which
tocopherol requirements (minimum daily rc-
quirement under a variety of conditions) can
be calculated .

Summary. The mean tocopherol concen-
tration in 197 factory workers in Rochester .
N. Y., was 1 .05 ± 0.32 mg/100 ml. AhOut
7% of the subjects had less than 0 .50 mg
tocopherol/100 ml, the level below which red
blood cell hemolysis tests become positive, in-
dicating Vit . E deficiency.
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Phospholipid Analysis of Cellular Fractions of the Liver Following
Administration of Single Dose of Choline *' (26632 )

W. E . CORNATZER AND DUANE G. GALLO t

Guy and Bertha Ireland Research Laboratory, Department of Biochemistry, University of
North Dakota School of Medicine, Grand Forks

Liver mitochondria, nuclei and microsomes
are composed of 16-32% of phospholipids on
a dry weight basis (1,2 ) . These intracellular
units contain enzymes which can oxidize
fatty acids and other metabolites ( 3) . Cho-
line-containing phospholipids ( lecithins) are
probably an integral part of an enzyme sys-
tem necessary for oxidization of fats and
fatty acids since this is only phospholipid, ex-
cept phosphatidylinositol which is lipotropic .

The lipotropic effect of lecithins appears to
act on the metabolism of fatty acids in the
liver, rather than enhancing their mobiliza-
tion in the form of plasma phospholipids(4) .
There is a progressive decrease in concentra-
tion in the whole liver of the lecithins and a
diminished ability of the liver to synthesize
these phospholipids in the dog ( 5) or rat ( 6)
maintained on a choline-deficient diet . Diets

* Supported in part by grants from U . S . Atomic
Energy Comm . and Nat . Inst. Health .

f Present address, Mead Johnson, Evansville, Ind .

low in protein reduce the level of total liver

phospholipids ( 7,8 ) . Administration of a

single dose of choline stimulated lipid phos-
phorylation as shown by the increase of ra-

dioactive uptake of P3 2 (9,10,l1) which oc-

curs primarily in the lecithin fraction (12 ),
involving mitochondria and ntlclei (13 ) . In

view of the above findings, experiments were
undertaken to determine the phospholipid
analysis of various cellular fractions of liver
following administration of a single dose of
choline in an attempt to ascertain the role of
these lipids in mitochondria and nuclei .

Methods. Male albino rats of the Wistar
strain weighing 100-110 g were maintained
on 5% casein-5% fat diet(10) supplemented

with 1% guanidoacetic acid (a methyl group

azcceptor) for 2 .5 weeks and divided into 2

groups . To one group various single doses of
choline in 1 ml of water (0, 40, 75 and 150
mg) was administered by stomach tube and

the animal sacrificed 6 hours later. A single

C. D., Harris, P. L.,

Meneely, G . R .,
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