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[ED1TOI~'S ~OT']~" This  paper  is essential ly  a tabulat ion of  
about  700 reported values f r o m  100 sources, arranged under  
various headings.  I t  is of fered as a help to technologists ,  dieti- 
t ians, nutr i t ionis ts ,  and phys ic ians  who need in format ion  on the 
cholesterol and v i tamin  E content  o f  foods,  anivml  tissues, and 
other ~mterials.  ] 

N U T R I T I O N I S T S ,  physicians, and food technol- 
ogists have become increasingly interested in 
the quantit ies of sterols, par t icular ly  cholesterol, 

and of tocopherols present  in various natura l  materi-  
als. Nutr i t ional  and clinical interest  in cholesterol 
stems f rom the belief tha t  the cholesterol content of 
the diet has an influence on the health and well-being 
of man. The tocopherols are of interest  because of 
their  vi tamin activities (vi tamin E)  and of their  be- 
havior as antioxidants  for  fats  in foods. Since the 
per t inent  information is widely scattered, an a t tempt  
has been made to select the more impor tan t  data  on 
sterol and toeopherol content of foods and related 
materials  and to tabulate  same for convenient con- 
sultation. The result ing tables are presented below, 
with a specific reference in suppor t  of each analytical 
value included and with br ief  discussion intended to 
aid in a general unders tanding of the data. 

Sterols 
Sterols seem to be present  in most living tissues. 

According to origin, they may be grouped into zoS-, 
phyto-, and mycosterols. One sterol, namely choles- 
terol seems to be entirely an animal product  (14a). I t s  
only known synthesis in nature  is by  the animal organ- 
ism, and it has not been found in p lan t  tissues or in 
lipids derived f rom plants.  I t  is interesting to note 
that  ver tebra te  animals produce essentially only one 
sterol, namely cholesterol (23), while numerous phy- 
tosterols have become known, several of them being 
formed simultaneously in one plant.  A glance at the 
l i terature shows tha t  some authors have not made a 
distinction between sterols in genera] and cholesterol 
in par t icular  but  s imply designated any substance 
obtained even f rom vegetable material  as cholesterol 
when it gave the reactions common to the whole sterol 
group. F rom Schoenheimer 's  work it  has commonly 
been concluded tha t  p lant  sterols (phytosterols)  in 
the diet are not a source for  format ion of cholesterol 
in the animal  organism and they are not even ab- 
sorbed f rom the intestines but  are excreted in the 
feces. Phytosterols  experimental ly  deposited in the 
subcutaneous tissue of a dog are not esterified or 
modified by  the organism and are t reated like an 
inert, foreign mater ial  while cholesterol is readily 
esterified. Rabbi t s  absorb cholesterol fed with the 
diet and deposit it in their  organs while phytosterols 
are pract ical ly completely recovered f rom the feces 
and no deposition in the organs is observed. Experi-  
ments show that  the phytosterols isolated f rom the 
feces are identical with those fed to the animal  and 
have not been subjected to any modification dur ing 
their  passage through the intestinal t rac t  (81). The 
selectivity of the intestinal walls in the absorption of 
steroids is remarkab]e;  slight changes in the struc- 

ture of cholesterol completely prevent  a b s o r p t i o n  
(82). Af te r  simultaneous feeding of cholesterol and 
phytosterols, only cholesterol can be isolated f rom the 
lymph duet and no trace of phytosterols is found. 
Since absorbed cholesterol together with the bulk of 
the absorbed fa t  is t r ans fe r red  f rom the intestine 
into the organism mainly  through the lymph and can 
be readily recovered f rom it, the experiment  has been 
considered as proof that  the phytosterols are t reated 
by  the intestine as an inert  substance and are not 
absorbed (8). This rejection of phytosterols by the 
animal organism is the main reason why nutr i t ional  
and medical interest centers around cholesterol (64b).  

In  sterol analyses, color tests and precipi tat ion 
reactions are not specific for  any individual  sterol. 
The total quant i ty  of sterols present  in a sample 
may  readily be established and also the question an- 
swered whether the mater ia l  is cholesterol or phy- 
tosterol while the separat ion and determinat ion of 
individual phyto- or mycosterols f rom their  na tura l  
mixtures  requires a considerable amount  of work. 
Sterols, a f te r  saponification to l iberate any  sterol 
originally present  as ester, may  be determined col- 
orimetrically by  a modification of the Liebermann-  
Burehard  reaction (56), by  the Schoenheimer-Sperry 
method (84), by  precipi tat ion as the digitonide (64a, 
97b), or some of them may  be precipi tated as insolu- 
ble dibromides (37). According to BSmer (14b),  a 
distinction between cholesterol and phytosterols is 
possible by microscopic studies of the crystal  forms 
of the sterols or melt ing point  determinations of their  
acetates;  the methods are also applicable to choles- 
terol in the presence of a small admixture  of phytos-  
terols. Plant  sterols to which some cholesterol has  
been added may  be studied using a method described 
by  Windaus (97a), which is based on the spar ing 
solubility of cholesterol dibromide in a mixture  of 
ether and glacial acetic acid; however the bromide 
of stigmasterol, a phytosterol,  precipi tates  under  the 
same conditions (98). Due to the difficulty of sep- 
ara t ing phytosterols into their  components, l i terature  
data on the composition of phytosterols are limited. 
However  the fact  that  phytosterols  have a potential  
value as s tar t ing materials  for  the prepara t ion  of 
vi tamin D-active compounds and sex hormones will 
certainly lead to comprehensive analytical  studies. 

In  Tables I to V the total  cholesterol content of 
animal materials  is given in mg./ lO0 g. of moist ma- 
terial unless otherwise stated. Although physiologi- 
cally of less interest, the sterol (phytosterol)  content 
of vegetable materials  is also given for  comparat ive 
purposes in Table VI  to V I I I .  

Tocopherols 
The four na tura l ly  occurring tocopherols (a, fl, ~, 

and 8) are similar in chemical and physical prop- 
erties and in nature  occur in mixtures  of vary ing  
proportions. While the colorimetric determinat ion of 
total  tocopherol content often may be carr ied out 
without  too much difficulty, the quant i ta t ive estima- 
tion of each individual component  is tedious (7), a~d 
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A. Cholesterol Content in Animal Matter 

T A B L E  I 

C h o l e s t e r o l  i n  M a m m a l s  

B e e f ,  m u s c l e  m e a t  ( m e d i u m  f a t )  .................... 
B e e f ,  m u s c l e  m e a t  ( l e a n )  ................................ 
B e e f ,  s k e l e t a l  m u s c l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  v e a l ,  s h a n k  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  vea l ,  b r e a s t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  v e a l ,  s k e l e t a l  m u s c l e  .... . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  c a l f ' s  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  t r i p e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  s w e e t b r e a d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  s w e e t b r e a d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  b r a i n  ................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  h e a r t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  k i d n e y  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  l u n g  .... . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  r e t i n a  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  t a l l o w  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  t a l l o w  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  b o n e  m a r r o w  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e f ,  c a l f ,  t o t a l  b l o o d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a t ,  h e a r t  m u s c l e ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a t ,  s k e l e t a l  m u s c l e ,  d r y  .................................. 
C a t ,  l i p i d s  in  h a i r s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  h e a r t  m u s c l e ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  s k e l e t a l  m u s c l e ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  s m o o t h  m u s c l e ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  l i p i d s  i n  h a i r s  ........................................... 
D o g ,  b l o o d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  b i l e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G u i n e a  p i g ,  l i ve r ,  n o r m a l  d i e t  ......................... 
G u i n e a  p i g ,  l i ve r ,  c h o l e s t e r o l - h i g h  d i e t  .......... 
G u i n e a  p i g ,  l u n g ,  n o r m a i  d i e t  ... . . . . . . . . . . . . . . . . . . . . . .  
G u i n e a  p i g ,  l u n g ,  c h o l e s t e r o l - h i g h  d i e t  .......... 
G u i n e a  p i g ,  h e a r t ,  n o r m a l  d i e t  ....................... 
G u i n e a  p i g ,  h e a r t ,  c h o l e s t e r o l - h i g h  d i e t  ......... 
G u i n e a  p i g ,  sp l een ,  n o r m a l  d i e t  ... . . . . . . . . . . . . . . . . . . .  
G u i n e a  p i g ,  s p l e e n ,  c h o l e s t e r 0 1 - h i g h  d i e t  ...... 
G u i n e a  p i g ,  b l o o d ,  n o r m a l  d i e t  ....................... 
G u i n e a  p i g ,  b l o o d ,  c h o l e s t e r o l - h i g h  d i e t  ........ 
G u i n e a  p i g ,  a d r e n a l ,  n o r m a l  d i e t  .................... 
G u i n e a  p i g ,  a d r e n a l ,  c h o l e s t e r o l - h i g h  d i e t  ..... 
G u i n e a  p i g ,  a d r e n a l  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ,  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ;  b l o o d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ,  e r y t h r o e y t e s  .......................................... 
H o r s e ,  l e u c o c y t e s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o u s e ,  l i v e r  ....................................................... 
P i g ,  s p a r e r i b s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i g ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g ,  s k e l e t a l  m u s c l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g ,  l a r d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g ,  l a r d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g ,  l a r d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pig, fat .............................................................. 
Pig, fat .............................................................. 
Pig, retina ......................................................... 
Rabbit (whole) ................................................ 
Rabbit, heart muscle ........................................ 
Rabbit, liver (stock), dried ............................ 
Rabbit, liver (old), dried ................................ 
R a b b i t  ( l a b .  s p e e i m e n ) ~  s k e l e t a l  m u s c l e  ....... 
R a b b i t  ( w i l d  s p e c i m e n ) ,  s k e l e t a l  m u s c l e  ...... 
R a b b i t ,  t o t a l  b l o o d  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  b l o o d  ..................................................... 
R a b b i t ,  l i p i d s  in  h a i r s  ...................................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  l i v e r  ........................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  l u n g  ........................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  sp l een  ....................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  k i d n e y  ....................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  h e a r t  ......................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  b r a i n  ......................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  s k i n  ( n o  h a i r )  ......... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  h a s h e d  c a r c a s s  ......... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  f a t  

( a d i p o s e  t i s s u e )  ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Moist Refer- 
mater ial  ence 

mg. / lO0 g. 

125 6 4 b  
95  6 4 b  

6 0 , 6 0  47 ~ 
140  6 4 b  
100  6 4 b  

65 47 ~ 
320  6 4 b  

2 6 0 , 1 9 0  47 ~ 
360  6 4 b  
150  6 4 b  
280  6 4 b  

2 2 0 , 2 5 0  47 ~ 
2 3 6 0 , 2 1 1 0  47 ~ 

1 4 0 , 1 5 0  47 ~ 
4 0 0 , 4 1 0  47 ~ 
3 5 0 , 3 9 0  47 ~ 

650  15 
75 51 

140  9 
3OO 48  

131 .5  43 
440  1 3 b  
190  1 3 b  

1 0 3 0 0  2 4 b  
610  1 3 b  
320  i 3 b  
35O 1 3 b  

3 0 9 0 0  2 4 b  
146 .6  43 

36.8  70 
540  6fi 

5400 66 
410  66 

1320  66 
200  66 
280  66 
380  66 

1100  66 
156  66 
3O4 66 

6900  66 
7100  66 
3250  1 3 c  

80 9 
97 .8  43 
116  43 
521  43 

520 -670  83 
105  6 4 b  
4 2 0  6 4 b  

60 47  ~ 
108  99 
120  48  
114  54 

74 .5 -122  51  
50 9 

270  15 
117  23 
200  1 3 b  ~ 
530  18  
310  18 

50 131) ~ 
80 13b  ~ 

92 .8  43 
114~243 2 4 b  

3 3 9 0 0 - 4 1 2 0 0  2 4 b  
310  6 4 b  
370  6 4 b  
460  6 4 b  
4 3 0  6 4 b  
220  65 

1420  65 
610  65 
130  6 4 b  

R a t ,  d i e t  w i t h  1 5 %  f a t ,  p l a c e n t a e  .................. 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  f e t u s e s  ...................... 
R a t ,  d i e t  w i t h  1 5 %  f a t ,  l i v e r  

( p r e g n a n t  a n i m a l s )  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  d i e t  w i t h  1 5 %  f a t ,  l i v e r  

( 1 2 - 1 6  d a y s  o l d )  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  d i e t  w i t h  1 5 %  f a t ,  n l i lk  ........................... 
R a t ,  l i p i d s  in  h a i r s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  f e m a l e ,  l i ve r s ,  p r e g n a n t  r a t s ,  

n o r m a l  d i e t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  f e m a l e ,  l i ve r s ,  p r e g n a n t  r a t s ,  

c h o l e s t e r o l  h i g h  d i e t  ..................................... 
R a t ,  f e m a l e ,  n o n - p r e g n a n t  r a t s ,  

n o r m a l  d i e t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  f e m a l e ,  n o n - p r e g n a n t  r a t s ,  

c h o l e s t e r o l  h i g h  d i e t  ............... : ..................... 
R a t ,  d i e t ,  p l a c e n t a ,  n o r m a l  d i e t  ...................... 
R a t ,  d i e t ,  p l a c e n t a ,  c h o l e s t e r o l  h i g h  d i e t  ....... 
R a t ,  f e t u s e s ,  n o r m a l  d i e t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  f e t u s e s ,  c h o l e s t e r o l & i g h  d i e t  .................. 
R a t ,  l i v e r s  o f  y o u n g  r a t s  ( 1 2 - 1 6  d a y s  o l d ) ,  

c h o l e s t e r o l - l o w  m o t h e r s  ............ : .................. 
R a t ,  l i v e r s  o f  y o u n g  r a t s  ( 12 -16  d a y s  o l d ) ,  

c h o l e s t e r o l - f e d  m o t h e r s  ................................ 
S e a l ,  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  w o o l  f a t  ( d e g r a s )  ................................. 
S h e e p ,  l i p i d s  in  w o o l  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  m u t t o n  t a l l o w  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  m u t t o n  t a l l o w  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  s u p r a r e n a l  g l a n d ,  d r y  .......................... 
S h e e p ,  l a m b ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  l a m b ,  s k e l e t a l  m u s c l e  .... . . . . . . . . . . . . . . . . . . . . . . .  
S h e e p ,  l a m b ,  l i p i d s  in  w o o l  .............................. 
W h a l e ,  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h a l e ,  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Moist Refer- 
material  e n c e  

m g . / i o o  g. 

280 6 4 b  
170  6 4 b  

460  

3 2 0  
60 

1 3 3 0 0  

460  

5000  

3 4 0  

6 4 b  

6 4 b  
6 4 b  
2 4 b  

65 

65 

65  

6700  65 
280  65 
380  65 
168  65 
198  65 

320  65 

760 65 
60 89 

a b o u t 1 5 0 0 0  100  
6 3 0 0 - 1 2 5 0 0  2 4 b  

28 51 
100 4 8  

3000  29 
610  6 4 b  

70 47 ~ 
4 6 0 0 - 8 6 0 0  2 4 b  

85 9 
200  48 

* The data  were taken f rom a publication by R. Okey (64b) who con- 
verted the originally published figures f rom dry  to normal  mois ture  basis. 

only recently have reliable analytical methods for this 
purpose been developed. Much of the progress in this 
field has been reported from the laboratories of Dis- 
tillation Products inc. 

From the extensive literature on physico-chemieal 
toeopherol analysis, a few publications indicat ing 
steps in the development of present-day methods are 
mentioned here. The Emmerie-Engel method (26a), 
generally used for the determination of the total 
toeopherol  content and also in the estimation of 
individual tocopherols, is based upon the quantita- 
tive reduction of ferric ions by the tocopherols and 
the color reaction of  the ferrous ions formed with 

T A B L E  I I  

C h o l e s t e r o l  i n  F o w l  

Moist Refer- 
mater ial  ence 

C h i c k e n ,  t o t a l  a n i m a l  ....................................... 
C h i c k e n ,  h e a r t  m u s c l e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C h i c k e n ,  s k e l e t a l  m u s c l e ,  l i g h t  ........................ 
C h i c k e n ,  s k e l e t a l  m u s c l e ,  d a r k  ........................ 
C h i c k e n ,  s k e l e t a l  m u s c l e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D u c k ,  w i l d ,  h e a r t  m u s c l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D u c k ,  w i l d ,  s k e l e t a l  i nnsc ]e  ........... : ................. 
D u c k ,  l i p i d s  i n  f e a t h e r s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Goose ,  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Goose ,  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Goose ,  l i p i d s  i n  f e a t h e r s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g e o n ,  h e a r t  musc le . . . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g e o n ,  s k e l e t a l  m u s c l e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T u r k e y ,  l i p i d s  i n  f e a t h e r s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ing./lO0 g. 

527 23 
160  1 3 b  ~ 

90 47  ~ 
60 47 ~ 
70 1 3 b  ~ 

160  1 3 b  ~ 
70 1 3 b  ~ 

9400  2 4 b  
41 51 

760  48  
1 3 6 0 0  2 4 b  

160  13b*  
110  13b*  

1 4 1 0 0 - 2 5 8 0 0  2 4 b  

* The data were taken from a publ ica t ion  by R. Okey (64b) who con- 
140  65__ vetted the originally published figures f rom d ry  to normal  moisture  basis. 
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T A B L E  I I I  

Cho les te ro l  in D a i r y  P r o d u c t s  a n d  E g g s  

Moist  Refer- 
mate r ia l  ence 

Milk  ........................................................................ 
Mi lk ,  p o w d c r  .......................................................... 
B u t t e r  ..................................................................... 
B u t t e r  ..................................................................... 
B u t t e r  .................................................................... 
B u t t e r ,  f a t  .............................................................. 
Case in ,  r a w  ............................................................. 
Cheese,  A m e r i c a n  ................................................... 
Cheese,  A m e r i c a n ,  p roc e s s e d  ................................ 
Cheese,  Swiss ,  p r o c e s s e d  ....................................... 
Cheese ,  M o n t e r e y  J a c k  ......................................... 
Cheese,  V e l v e e t a  .................................................... 
Cheese,  L i m b u r g e r ,  p r o c e s s e d  .............................. 
Cheese,  P i m e n t o  C r e a m ,  p roc e s s e d  ....................... 
E g g ,  yo lk  ................................................................ 
E g g ,  yolk ,  v a c u u m - d r i e d  ...................................... 
E g g ,  f r ozen ,  who le  ................................................. 
E g g ,  f r ozen ,  yo lk  ................................................... 
E g g ,  Chinese  d r i e d  yolk  ........................................ 
E g g ,  c o m m e r c i a l  f r o z e n ,  whole  ............................ 
E g g ,  c o m m e r c i a l  f r o z e n ,  yo lk  ............................... 
E g g ,  c o m m e r c i a l  d r i e d  e g g s  ................................ 
E g g ,  yolk,  d r i e d  ..................................................... 
E g g ,  yolk ,  f r e s h  ..................................................... 
E g g ,  f r e sh ,  who le  ................................................. 

reg .~ t00  g. 

13 99 
88 99 

185 99 
280 64b 

71 51 
240 9 

65 64b 
160 64b 
155 64b 
145 64b 
190 64b 
160 64b 
135 64b 
140 64b 

1342 99 
1750 29 

600 37 
1365 37 
2810 37 

562 37 
1272 37 
2770 37 
3900 64b 
2009 64b 

468 47 ~ 

* The data were taken  from a publ ica t ion  by R. Okey (64b)  who con- 
ver ted  the or ig ina l ly  publ ished figures from dry to normal  mois ture  basis.  

a,a'-dipyridyl .  A number of modifications have been 
developed,  most of them involving the prel iminary 
t reatment  of the sample and the removal of inter- 
fer ing substances, necessitated not only by  the non- 
specificity of the ferric reduction, but  also by  the 
different rates of reaction of the tocopherols. 

On the other hand, use has been made of these 
differences in reaction rates for the determination of 
individual toeopherols in mixtures. Mild hydrogen- 
ation of tocopherol-containing lipids on a semi-micro 
scale, to eliminate interference from vitamin A, caro- 
tenoids, and other components in the Emmerie-Engel  
test, was introduced by  Quaife, Harris,  and Biehler 
(74, 76a). Later,  as Dam et al. had done before (20, 
33), Quaife and Harr is  (76b) used molecular distil- 
lation to concentrate the toeopherols in lipids of low 
tocopherol content and to separate interfering minor 
constituents. The fact that  ),-tocopherol couples with 
a diazo compound to form a red dye while a- and fl- 

T A B L E  I V  

Choles te ro l  in O t h e r  u  

Moist  Refer- 
mater ia l  ence 

A l l i g a t o r  ( c a i m a n ) ,  l i ve r  oil ................................ 
Codfish, ske l e t a l  m u s c l e  ........................................ 
Codfish, l i ve r  oil ..................................................... 
Codfish,  l i ve r  oil ..................................................... 
Codfish, l i v e r  oil ..................................................... 
Codfish, l i ve r  oil ..................................................... 
F r o g ,  ske le t a l  m u s c l e  ............................................ 
G r a s s  snake ,  ( w h o l e )  ............................................. 
H a l i b u t ,  l i v e r  oil .................................................... 
M a c k e r e l  ( w h o l e )  .................................................. 
S a l m o n ,  ske le t a l  m u s c l e  ........................................ 
S a l m o n ,  Rh ine ,  s p e r m  cells ................................... 
T u r t l e ,  h e a r t  m u s c l e  ............................................. 
T u r t l e ,  ske l e t a l  m u s c l e  .......................................... 

m g . / l O 0  g. 

900-1000 63 
50 47 ~ 

516 51 
420 9 
488 99 
540 39a  

40 47 e 
80 23 

7600 48 
22 23 
60 47 ~ 

2200 62 
160 13b ~ 

6 0 , 7 0  13b ~ 

* The data w e r e  taken f rom a publ ica t ion  by R. Okey (64b), who con- 
ver ted  the o r ig ina l ly  publ ished f igures  from dry  to normal  mois ture  basis.  

T A B / ~  V 

Choles t e ro l  i m I - I m n a n  T issues  

Moist Refer- 
Tissue weight ence 

B r a i n ,  w o m a n ,  t o t a l  ................................... 
B r a i n ,  m a n ,  c e r e b r u m  ................................ 
B r a i n ,  m a n ,  w h i t e  s u b s t a n c e  ..................... 
B r a i n ,  m a n ,  c e r e b e l l u m  ............................. 
B r a i n ,  m a n ,  pons  v a r o l i i  a n d  

m e d u l l a  o b l o n g a t a  .................................. 
N e r v u s  i s ch i ad i cu s  ( d r y )  ..................... : ..... 
N e r v e  t i s sue  ................................................ 
N e r v e s ,  f e m o r a l  .......................................... 
N e r v e s ,  sc ia t ic  ............................................. 
N e r v e s ,  p o s t e r i o r  ........................................ 
N e r v e s  f r o m  a r t e r i o s c l e r o t i c  s u b j e c t ,  

sc ia t i c  ....................................................... 
N e r v e s  f r o m  a r t e r i o s c l e r o t i c  s u b j e c t ,  

p o s t e r i o r  t i b i a [  ........................................ 
S p i n a l  co rd  .................................................. 
B lood  ............................................................ 
B lood ,  w o m a n  .............................................. 
Blood,  m a n  .................................................. 
P l a s m a ,  y o u n g  w o m e n  ................................ 

P l a s m a ,  y o u n g  m e n  .................................... 

S e r u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S e r u m ,  n o r m a l  a v e r a g e  .................. ............ 
S e r u m ,  n o r m a l  a d u l t s  ................................. 
S e r u m ,  p e r so n s  w i t h  x a n t h o m a  ................. 
S e r u m ,  p e r so n s  w i t h  x a n t h o m a  

a n d  c o r o n a r y  a r t e r y  d i sease  .................. 
K i d n e y  ......................................................... 
L i v e r  ........................................................... 
Musc le  ......................................................... 
S u i ) r a r e n a l  .................................................. 
Chyle  ............................................................ 
Bi le  ............................................................... 
Ga l l s tones ,  s o l i t a r y  ..................................... 
Ga l l s tones ,  m i x e d  or  c o m b i n a t i o n  ... . . . . . . . .  
F a t  ............................................................... 
F a t  ............................................................... 
F a t ,  a v e r a g e  ................................................ 
P a t t y  t i ssue ,  s a b e u t ,  f r o m  a b d o m e n  ......... 
D r y  sk in  ....................................................... 
L i p i d s  in c u t a n e o u s  e p i t h e l i m n  ................. 
L i p i d s  in h a i r  .............................................. ! 
L i p i d s  in ha i r ,  a d u l t s  ................................. 
L i p i d s  in h a i r ,  c h i l d r e n  .............................. 

m g . / l O 0  g. 

2690 30 
1150 30 
2 4 7 0  30 
1310 30 

4030 30 
5610 16 
1100 28 
1450 77 
1470 77 
1300 77 

710 77 

600 77 
3350-4260 31 

167-255 21 
210-240 13a 
190-250 13a 

78.0-226.6,  
m e a n  152.8 32 

100.5-222.8,  
m e a n  169.4 32 
138.1-286.4 84 

202.7 69 
159-260 50 

~ 3 0 0  1 

> 3 0 0  1 
250-370 13c 
180-380 13c 
350-370 13c 

2600-6700 13c 
94.3 92 
229 70 

98000-99000 70 
94000 70 

175 51 
240 48 
127 43 
240 24a  

580-1500 25 
13000-24000 25 

3OOO 48 
1200-5400 24b 

8700-11800 24b 

toeopherols do not was used by Quaife (73a) as the 
basis for  a new colorimetrie test for  the determina- 
tion of 7-tocopherol specifically. Weisler et al. used 
a similar diazo reaction for the specific estimation of 
~- and ~-tocopherols in a tocopherol mixture by vary- 
ing the alkalinity of the coupling reagent and ob- 
serving the difference in color intensities produced;  
a-toeopherol could be estimated by difference (95). 

The fat  technologist is interested in the antioxi- 
dant  properties of tocopherols while the nutri t ionist  
is mainly interested in their  vitamin E activities. 
Oleott and Emerson (67) found an increase in anti- 
oxidant activity of a-, fl-, and 7-tocopherols at 75~ 
in the order named, while Hove and tIove (42b) re- 
ported that the relative activity depends upon tem- 
perature  and that these three tocopherols have about 
the same activity at low temperatures. Stern et al. 
(88) observed that the resistance of the tocopherols 
to atmospheric oxidation in oil solution parallels their 
activity as antioxidants, ~- being the most resistant 
and ~-tocopherol tile least resistant to oxidation. Thus, 
in general, a tends to show the lowest antioxidant 
potency (34), which is just  the reverse of the vita- 
min activity of these substances. The greatest vitamin 
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B.  P h y t o s t e r o l  C o n t e n t  i n  V e g e t a b l e  M a t t e r  

T A B L E  V I  

Phytosterol  in Vegetable Oils 

R e f e r -  
S o u r c e  o f  o i l  F a t  e n c e  

Castor bean .......................................................... 
Cocoa but ter  ........................................................ 
Cocoa but te r  ........................................................ 
Coconut, hydrog .................................................. 
Coconut, hydrog .................................................. 
Coconut, hydrog  ................. : ................................ 
Coffee bean .......................................................... 
Common bean, P h a s e o l u s  w d g a r i s  .. . . . . . . . . . . . . . . . . . .  
C o r n  . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Corn ..................................................................... 
Corn germ .................................................. ........... 
Cottonseed ........................................................... 
Cottonseed ........................................................... 
Cottonseed ........................................................... 
Crisco, a dehydrogenated vegetable 

shor tening ........................................................ 
Grapeseed ....................... ~ .................................... 
Linseed ................................................................ 
Linseed ................................................................ 
Linseed ................................................................ 
Margar ine  Base Stock L (P&G) ....................... 
Mowrah fa t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olive ..................................................................... 
Olive .......................... : ........................................... 
Palm, crude .......................................................... 
Palm Kernel  ........................................................ 
Pa lm Kernel  ........................................................ 
Peanut  ................................................................. 
Peanut  ................................................................. 
Peanut  ................................................................. 
Poppyseed ........................................................... 
Primex, a hydrogenated vegetable 

shortening: ...................................................... 
Pumpkin  seed .................................................... :. 
Rapeseed ............................................................. 
Rapeseed .............................................................. 
Rice b ran  ............................................................. 
Rye germ .............................................................. 
Sesame ............................................................ .... 
Sesame ................................................................ 
Sesame ................................................................ 
Shea fa t  .............................................................. 
Soybean ............................................................... 
Soybean ....... : ...................................................... 
Soybean ............................................................... 
Soybean ................................................................ 
Sweetex, a hydrogenated vegetable 

shortening ........... : .......................................... 
Tobacco seed ........................................................ 
Wheat  germ ......................................................... 
Wheat  germ, pressed .......................................... 
Wheat  germ, extracted ....................................... 

m g . / l O 0  g. 

500 48 
170 9 
200 A 8  

79.8 51  
60 89 
80 9 

730-770 6 
2750-3600 68 

580 89 
1000 3 

800-1000 91C 
311.2 51 

260 9 
260 89 

232 71 
600 48 
416 51 
410 9 
370 89 
206 71 

40 9 
133.7 51 

210 9 
30 89 

120 9 
60 89 

247.9 51 
200 89 
190 9 

247.9 51 

150 64b 
500 48 
345 51 
440 9 
750 48 

1200-3650 91a 
549.4 51 

520 9 
430 89 

90 9 
380 6O 
195 53 
230 89 
150 86 

242 71 
150 80 

3600-6700 48 
1300:2000 91b 
1300-1700 91b 

E a c t i v i t y  i n  t h e  r a t - a n t i s t e r i l i t y  t e s t  is  s h o w n  b y  
~ - t o c o p h e r o l  ( 4 4 )  a n d  ~ is  t h e  l e a s t  a c t i v e  ( 8 8 ) ,  so 
t h a t  t h e r e  h a s  b e e n  s o m e  t e n d e n c y  t o  i d e n t i f y  t h e  
f o r m  w i t h  v i t a m i n  E .  H o w e v e r  i t  is  n o w  r e c o g n i z e d  
t h a t  e a c h  t o c o p h e r o l  m a y  p l a y  a n  e s s e n t i a l  r o l e  i n  t h e  
l i v i n g  o r g a n i s m  a s  a c o m p o n e n t  o f  v i t a m i n  E ( 7 ) .  
Q u a i f e  a n d  D j u  ( 7 5 )  h a v e  s h o w n  r e c e n t l y  t h a t  a - toeo -  
p h e r o l  is  t h e  p r e d o m i n a n t  f o r m  o f  t o c o p h e r o l  f o u n d  
m h u m a n  t i s s u e s ,  b u t  s o m e  ~,- o r  $ - t o c o p h e r o l s  a l s o  
o c c u r r e d  i n  a m a l e  s u b j e c t  a n d  t h e y  w e r e  p r e s e n t  i n  
m o s t  o f  t h e  t i s s u e s  o f  a f e m a l e  s u b j e c t  to  t h e  e x t e n t  
o f  20 to  4 0 %  o f  t h e  t o t a l  t o c o p h e r o l s  p r e s e n t .  

I t  is  c o m m o n l y  r e c o g n i z e d  t h a t  t h e  a n i m a l  o r g a n -  
i s m  is  n o t  a b l e  to  s y n t h e s i z e  t h e  t o e o p h e r o l s .  T h e y  
a r e  f o r m e d  i n  p l a n t s ,  a n d  t h e s e  v e g e t a b l e  m a t e r i a l s  
aye  t h e  p r i m a r y  s o u r c e  o f  v i t a m i n  E f o u n d  i n  a n i -  
m a l  t i s s u e s  ( 3 9 b ) .  

T a b l e s  IX.  to  X I I I  s h o w  t h e  t o c o p h e r o l  c o n t e n t  o f  
v a r i o u s  v e g e t a b l e  a n d  a n i m a l  m a t e r i a l s  i n  r a g . / 1 0 0  g. ,  
w i t h  s u c h  a d d i t i o n a l  i n f o r m a t i o n  a s  c a n  b e  i n c l u d e d  
w i t h o u t  n e e d  o f  e x t e n s i v e  e x p l a n a t i o n s .  T h e  r e f e r -  
e n c e s  s h o u l d  b e  c o n s u l t e d  f o r  f u r t h e r  d e t a i l s :  

I t  is  i n t e r e s t i n g  to  n o t e  t h a t  t h e  p r i n c i p a l  e d i b l e  
o i l s  o f  t h e  t e m p e r a t e  z ones ,  c o t t o n s e e d ,  s o y b e a n ,  a n d  

T A B L E  V I I  

Phytosterol  in Leaf  and Root Meals 

Dehydrated Refer- 
Source of meal meal ence 

Al fa l fa  leaf ................... ........................................ 
Beet, top .................................... ~ ........................... 
Beet, root ............................................................... 
Broccoli ................................................................. 
Cabbage ................................................................. 
Carrot, top ............................................................ 
Carrot,  root ........................................................... 
Celery, top .............................................................. 
Corn leaf ............................................................... 
I r i s  leaf ................................................................. 
Kale leaf ............................................................... 
Lily leaf, Canadian .............................................. 
Hemerocallis leaf ................................................. 
Lima bean leaf ..................................................... 
Pea leaf ................................................................. 
Spinach leaf ................................... ~ ...................... 
Turnip,  top ........................................................... 
Turnip,  root .......................................................... 

m g . / l O 0  g. 

80 93b 
95 93b 
25 93b 

329 93b 
125 93b 
116 93b 

65 93b 
144 93b 
125 93b 

90 935 
464 93b 

75 93b 
85 93b 

144 93b 
272 93b 
184 93b 
160 93b 

63 93b 

T A B L E  V I I I  

Phytosterol  in Miscellaneous Vegetable Products  

Refer- 
Material Material ence 

Almond, sweet, dry, skin .................................... 
Ahnond sweet, dry, meat  .................................... 
Barley, dry, hull .................................................. 
Barley, dry, meat  ............................. , .................. 
Broad bean, dry, hull.....: ....... ~ ............................ 
Broad bean, dry, meat  ........................................ 
Buckwheat,  dry, hull....~ ........ r ............................ 
Buckwheat,  dry, meat  ......................................... 
Chestnut, dry, hull .............................................. 
Chestnut, dry, meat  ............................................ 
Chickpea, dry, hull .............................................. 
Chickpea, dry, meat  ........................ : ................... 
Common bean ( P h a s e o l u s  v u l g a r i s ) ,  dry...: ..... 
Common bean, before germinat ion ................... 
Common bean, grown 3 weeks in the dark ....... 
Corn gluten .......................................................... 
Durmn flour, solids ............................................. 
Semolina, solids .................................................. 
Flour,  solids ......................................................... 
Garlic, dry, skin .................................................. 
Garlic, dry, interior ............................................ 
Hempseed, dry, hull ............................................ 
Hempseed,-dry, meat  .......................................... 
Jerusa lem artichoke, dry, skin .......................... 
Jerusa lem artichoke, dry, interior .................... 
Lentil, dry, hull ................................................... 
Lentil,  dry, meat  ................................................. 
Millet grass,  dry, hull ......................................... 
Millet grass, dry, meat  ....................................... 
Oats, dry, hull ...................................................... 
Oats, dry, meat  .................................................... 

mg./lO0 g. 

30 59 
17.5 59 

60 59 
34 59 

47:5 59 
42 59 
55 59 
34 59 

57.5 59 
19.5 59 

70 ( -  59 
3 5 .  59 
90 68 

64.8-86.3 10 
121 10 
940 2 

24 37 
23 37 
28 37 
30 59 

22.5 59 
455 59 

17.5 59 
60 59 

22.5 59 
20 59 
18 59 
62 59 
54 59 

62.5 59 
54 59 

Pea, dry, hull ....................................................... 54 59 
Pea, dry, meatL ................................................... I 52.5 59 
Pea, before germinat ion .................................... ] 63.0-68.7 10 
Pea, grown 3 weeks in the dark .................. . ...... [ 131.0-137.5 10 
Pea, grown 3 weeks in light .............. ~ ................ 107.5 10 
Soybean, dry, hull ............................................... 67.5 59 
Soybean, dry, meat.....:. ................................. :....'.~ 52.5 59 
Soybean, dry......: .............................. .................... 97 58 
Vetch, dry, hull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 51  59 
Vetch, dry, meat  .................................... , ............. / 52.5 59 
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T A B L E  I X  

T o c o p h e r o l  in  V e g e t a b l e  Oils  

Source of oil 

B a b a s s u ,  c r u d e  ..................................................................................... 
B e e c h n u t  .............................................................................................. 
C a r r o t  ................................................................................................... 
C a r r o t  .................................................................................................... 
C a s t o r  b e a n  .......................................................................................... 
Cocoa  f a t  .............................................................................................. 
Cocoa  f a t  .............................................................................................. 
Coconut ,  re f ined  ................................................................................... 
Coconut ,  h y d r o g e n a t e d  ....................................................................... 
Coconu t  ................................................................................................. 
Coconu t  ................................................................................................. 
Corn,  M a z o l a  ........................................................................................ 
Corn ,  c r u d e  ........................................................................................... 
Corn ,  re f ined  ........................................................................................ 
Corn ,  E u r o p e a n  b r a n d  ........................................................................ 
Corn ,  re f ined  ........................................................................................ 
Corn ,  re f ined  ........................................................................................ 
Corn,  c r u d e  ........................................................................................... 
Corn,  M a z o l a  ....................................................................................... 
Corn ,  M a z o l a  ....................................................................................... 
Corn,  r e f ined  ........................................................................................ 
Co t tonseed ,  W e s s o n  ............................................................................. 
Co t tonseed ,  r e f ined  .............................................................................. 
Co t tonseed ,  r e f ined  .............................................................................. 
Co t tonseed ,  c r u d e  ................................................................................ 
Co t tonseed ,  c r u d e  ............................................................................... 
Co t tonseed ,  re f ined  .............................................................................. 
Co t tonseed ,  r e f ined  .............................................................................. 
Co t tonseed ,  re f ined  .............................................................................. 
Co t tonseed ,  r e f ined  .............................................................................. 
Co t tonseed ,  W e s s o n  ............................................................................ 
Co t tonseed ,  W e s s o n  ................................... :...:. .................................... 
Co t tonseed ,  c r u d e  ............................................................................... 
H a z e l n u t ,  c r u d e  ................................................................................... 
H a z e l n u t  ............................................................................................. 
L i n s e e d  ................................................................................................. 
M o r r o s e e d  ( C r e s c e n t i a  alata H B K )  ................................................. 
O a t  g e r m  .................... ~, 
O k r a s e e d  ...................................................... : ........................................ 
O k r a s e e d ,  c r u d e  ................................................................................... 
Ol ive  ..................................................................................................... 
Ol ive  .................................................................................................... 
Ol ive  ..................................................................................................... 
Ol ive  ..................................................................................................... 
Ol ive  ..................................................................................................... 
Ol ive  ..................................................................................................... 
O l ive  ..................................................................................................... 
P a l m  ..................................................................................................... 
P a l m  ..................................................................................................... 

P a l m  ..................................................................................................... 
P a l m  ..................................................................................................... 
P a l m  ..................................................................................................... 
P e a n u t ,  re f ined  .................................................................................... 
P e a n u t  .................................................................................................. 
P e a n u t ,  c r u d e  ....................................................................................... 
P e a n u t ,  c r u d e  ...................................................................................... 
P e a n u t ,  c r u d e  ...................................................................................... 
P e a n u t ,  re f ined  .................................................................................... 
P e a n u t  .................................................................................................. 
P e a n u t ,  r e f ined  .................................................................................... 
P e a n u t  .................................................................................................. 
P e a n u t ;  r e f ined  .................................................................................... 
P e c a n ,  re f ined  ...................................................................................... 
P e c a n ,  re f ined  ...................................................................................... 
P o p p y s e e d ,  c r u d e  ............................................................... ................. 
R a p e s e e d ,  c r u d e  ................................................................................... 
R ice  b r a n ,  re f ined  ................................................................................ 
R i ce  b r a n ,  c r u d e  ............................................................... , .................. 
R ice  b r a n ,  re f ined  ................................................................................ 
Safflower,  c r u d e  ................................................................................... 
S e s a m e ,  ~ re f ined  ....................................................... : ........................ 
S e s a m e ,  r e f ined  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S e s a m e  ............... . .................................................................................. 
S e s a m e  .................................................................................................. 

Total 
tocopherol 

3 
100 
162 
500 

50 
12.5 

2.8 
3 
3 
5 
8.3 

119 
110 
104 
250 

90 
95 
97 

102 

87 
110 

83 
92 

110 
110 

90 
90.1 
9O 
86 
87.0 

110-120 
45 
52 

113 
65 
6O 

112 
74 

8 
25 

5-30 
3 

14 
20 

6.9 
2.7 

44 

50 
< 1 1  

56 
51 
26 
4O 
52 
52 
48 
59 
36 
34 
22 
42 
45 
44 
55 
91 

100 
90 
8O 
18 
50 
65 
6O 

3.6 

12.6 
7.0 
7 

51 

76 

56 
41 
49.3 
56.0 

10 

31 

m a i n l y  a 
( 5 2 )  

30 

30 

23 
13 
11 
20 

58 

Mg./100 g. oil 

81 

89.4 

~+~ 

34 

34.5 

36 
37.7 

43 

22 

14 
~-4-a 

22 

33 

4.7 

80 

34 
9 

26 

7 
11 

Reference 

5 
26e 
76b 
38 

5 
26c 
71 

5 
72 
71 
35a  
72 
85 
42a  
26c 
27 

5 
76c 
73c 
76d 
35a  
72 
4 2 a  
85 
27 

5 
5 

76b 
35a  
95 
73c 
76d 
71 
52a  
71 
71 
71 
11 
71 
27 
45 
72 
52a  
26e 
71 

5 
76b 
45 
52a  

5 
71 
35a  

4 
26c 
52a  
27 

5 
5 

71 
42a  
95 
35a  
27 

5 
52a  
52a  
27 

5 
5 
5 

5 2 a  
5 

71 
87 
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T A B L E  I X  ( C o n c I u d e d )  

T 0 e o p h e r o l  i n  V e g e t a b l e  O i l s  

419 

Source of oil 

S o y b e a n ,  c r u d e  ..................................................................................... 
S o y b e a n ,  r e f i n e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  r e f i n e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  r e f i n e d  ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  r e f i n e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  a l k a l i  r e f i n e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ................ 

S o y b e a n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  w a t e r  r e f i n e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
S o y b e a n ,  s a l a d  oi l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  e x t r a c t e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o y b e a n ,  r e f i n e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u n f l o w e r  seed ,  c r u d e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  p e t .  e t h e r  e x t r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 
W h e a t  g e r m ,  p r e s s e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W h e a t  g e r m ,  p r e s s e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  s o l v e n t  e x t r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  c r u d e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  m e d i c i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  m e d i c i n a l ,  co ld  p r e s s e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .......... 
W h e a t  g e r m ,  c r u d e  .... . . . . . . . . . . . . . . . . . . . . . .  :~il]...;: ............ i . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m ,  s o l v e n t  e x t r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W h e a t  ge rm: ,  M e r i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mg. /100 g. oil 

Total 
tocopherol 

1 5 2 , 2 1 2  
1 2 5 , 1 7 5  

92  
120  

99 
110  
190  

1 5 0 - 2 2 0  
168  
190  

74.0  
169 -289  

140  
70 

520  
240  

3 1 0 , 3 8 0  
178  

1 4 0 - 2 5 0  
450  
250  

230  
2 7 4  
420  

3 2 0  
i 5 0 - 2 5 0  

300  
400  
5 5 0  

9 

21 

20 

9.6 

10 

70 
a p p r o x .  

1 9 2  

78 

98 

41 .8  

57 
( a p p r o x . )  

268  161 107 

50 

22 .6  

130  

5 %  o f  
t o t a l  

]; Refe~'ence 

72 
72 
4 2 a  
26c  : 
27 

5 
88 

71 
95  
87 
73c  
78 
3 5 a  
5 2 a  
45  
2 6 b  
72 
12 
20  
20  
11 

20 
4 2 a  
85 
85 
26c  
71 

5 
5 

88 

73c  

I n f l u e n c e  o f  P r o c e s s i n g  on  T o c o p h e r o l  C o n t e n t  

C o t t o n s e e d  Oi l  i 
C r u d e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... I 
W a t e r - w a s h e d  ......................................................................... ,~ ....... 
A l k a l i - r e f i n e d ,  b l e a c h e d ,  f i l t e r e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ........... 
R e f i n e d ,  b l e a c h e d ,  f i l t e r ed ,  d e o d o r i z e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :.. 
R e f i n e d ,  b l e a c h e d ,  f i l t e r ed ,  h y d r o g e n a t e d  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Re f ined ,  b l e a c h e d ,  f i l t e r ed ,  h y d r o g e n a t e d ,  d e o d o r i z e d  ......... . :  .... 

102.8 i 
102 .0  
100 .7  

95 .9  
98.3  
97 .6  

71 
71 
71 
71 
71 
71 

F i n i s h e d  C o m m e r c i a l  P r o d u c t s  ( F r o m  Oi l  M i x t u r e s )  

C r i s co ,  a h y d r o g e n a t e d  v e g e t a b l e  s h o r t e n i n g  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 104 .2  I 71 
M a r g a r i n e  B a s e  S t o c k  L ( P & G )  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 100 .5  71 
P r i m e x ,  a h y d r o g e n a t e d  v e g e t a b l e  s h o r t e n i n g  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 .4  71 
S w e e t e x ,  a h y d r o g e n a t e d  v e g e t a b l e  s h o r t e n i n g  .... . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 .0  i 71 

** Since sesamol, present  in sesame oil, gives the Emmerie-Engel  test, tho reliability of the da ta  quoted here is unce r t a in  (see paper  presented by 
P.  Budowski  et al. at  the 23 rd  Fal l  Meeting of the Am. Oil Chem. Soc., Chicago, 1949) .  

corn oils, approach in tocopherol content the range of 
wheat germ oil, the principal natural  vitamin E-rich 
source. On the other hand, the typical  tropical oils, 
such as coconut oil, appear  to be lower in tocopherol. 
Animal tissues and fats generally are very low in 
the vitamin. However it is remarkable that  human 
tissues appear  to be higher in tocopherol than the 
reported figures for  animal tissues. In  fact, lipids 
isolated from certain tissues or organs of the human 

b o d y  may be as rich in toeopherol as vegetable oils 
f rom moderate climates. 
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T A B L E  X 

T o e o p h e r o l s  i n  :F ru i t s  a n d  V e g e t a b l e s  

S u r v e y  o f  T o c o p h e r o l  D i s t r i b u t i o n  ( 7 3 d )  

Principal Total 
Vegetable type forms of tocopherol 

tocophorol in rag,/100 g. 

Root and stem ..................................... alpha 0.5-10.0 
W h e a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b e t a ,  a l p h a  1.0- 2.0 
L e g u m e s ;  p e a s  a n d  b e a n s  ................. g a m m a  0.5- 4.0 
S o y b e a n s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  d e l t a ,  g a m m a  6 .0 -11 .0  
L e a f y  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . .  a l p h a ,  g a m m a  0.1- 3.0 
S e e d s  a n d  c e r e a l s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a l p h a ,  g a m m a  1.0- 3.0 

Mg./lOO g. mater ial  
(normal  moistura)  

Material  

A l f a l f a  l e a f  m e a l  .... . . . . . . . . . . . . . . . . . . . . . . . .  , . .  
A p p l e s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A p p l e s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B a n a n a s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e a n s ,  w h i t e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e a n s ,  d r i e d  na~ 'y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e t s ,  l e a f  m e a l  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e e t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r o c c o l i ,  l e a f  m e a l  .............................. 
C a b b a g e ,  r e d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a b b a g e ,  w h i t e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a b b a g e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a b b a g e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a r r o t  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a r r o t ,  r o o t  f r e s h  ( m o i s t u r e - f r e e )  .... 
C a r r o t ,  t o p  f r e s h  ( m o i s t u r e - f r e e )  ..... 
C a r r o t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C e l e r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C e l e r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C e l e r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o c o a  p o w d e r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G r a p e f r u i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K a l e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K a l e ,  l e a f  m e a l  .................................... 
L e t t u c e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e t t u c e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e t t u c e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e t t u c e ,  d r y  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i m a  b e a n s ,  l e a f  m e a l  .... . . . . . . . . . . . . . . . . . . . .  
O n i o n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ......... 
O n i o n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O r a n g e s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a r s l e y  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a n u t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a s ,  f r e s h  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a s ,  c a n n e d ,  s m a l l  ... . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a s ,  g r e e n  ..................... : . . . . . . . . . . . . . . . . . . . .  
P e a s ,  g r a y  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e a s ,  g r e e n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t a t o e s ,  b o i l e d  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t a t o e s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P o t a t o e s ,  s w e e t  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a d i s h ,  b l a c k  ....................................... 
R h u b a r b ,  l e a f  m e a l  ............................. 
R o s e  h i p s ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R o s e  h i p s ,  p e t r .  e t h e r  ex t  ................... 
S p i n a c h ,  d r y .  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p i n a c h  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p i n a c h ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p i n a c h ,  f r e s h  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p i n a c h ,  f r o z e n  ( m o i s t u r e - f r e e )  ....... 
S p i n a c h ,  l e a f  m e a l  .... . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p r o u t s ,  B r u s s e l s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o m a t o e s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T o m a t o e s ,  p u r ~ e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T u r n i p . . . . . :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T u r n i p ,  l e a f  m e a l  ...... ~ ......................... 
T u r n i p ,  g r e e n s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total Refer- 
tocopherol a ence 

26 9 3 a  
0 .74  7 6 d  

" '0 .74 0 .72 3 5 a  
0 .40 0 .37  3 5 a  
4 26e  
3 .60  0 .10  3 5 a  

71 9 3 a  
~ 0 . 0 1  20 

0.2 26e  
42  9 3 a  

0.2 2 6 c  
0.7 2 6 c  

.... 0 .06 7 6 d  
0 .11 0 .06 3 5 a  
1.5 26e  

13 9 3 a  
56 9 3 a  

0 .45  0 .45 76e,  d 
2.6 26e  
0 .48 76e 
0 .48  0.46 3 5 a  
3.1 26e  
0 .26 0 .25  3 5 a  
8 26c  

39  9 3 a  
0.6 26e  
0 .16  57  

0:43,  0 .54  0 . 2 9 , 0 . 2 9  3 5 a  
9 -35  5 2 b  

70 9 3 a  
0.2 26c  
0 .26  0 .21 3 5 a  
0 .24  0.23 3 5 a  
5.5 26e  
9 .30  4 .60  3 5 a  
0 . 0 3 0  57 
0 .400  57 

5 .4 -6 .4  26e  
8.0 2 6 c  
2 .10 0 .10 3 5 a  
0.1 26e  

0 .06  7 6 d  
"4.0 4.0 35a 

0 .04  26e 
120  9 3 a  

20-50 20  
2300  20 

50 20 
1.7 26c  
4 -24  5 2 b  
0 .510  57 

43  9 3 a  
40 9 3 a  

1.7 26c  
0 .36  0 .27 3 5 a  
0 . 8 2 5  57 
0 .02 26c  

30 9 3 a  
2 .30  2 .24  3 5 a  
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T A B L E  X [  

T o c o p h e r o l  i n  C e r e a l s  a n d  C e r e a l  P r o d u c t s  ~ 

Mg. /100  g. 

Total Material  .)tecophe, ol a Res 

B a r l e y  ..................................................... 
B i s c u i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r e a d ,  w h o l e  w h e a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r e a d ,  b r o w n  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r e a d ,  w h i t e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r e a d ,  w h i t e  .... . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ........... 
Corn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o r n ,  w h o l e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o r n ,  m e a l ,  y e l l o w  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o u g h n u t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o u g h n u t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G r o a t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O a t s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ..... 
O a t s ,  d r y  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O a t s ,  f l o u r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O a t s ,  f l akes  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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S o d a  C r a c k e r s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t ,  w h o l e  h a r d  ( m i l l  p r o d u c t )  ...... 
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W h e a t ,  g e r m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t ,  w h o l e  D u r u m  ( m i l l  p r o d u c t ) . .  
W h e a t ,  S e m o l i n a  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t ,  1s t  c l e a r  f l o u r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t ,  2r id  c l e a r  f l o u r  .......................... 
W h e a t ,  r e d  d o g  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t ,  s h o r t s  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W h e a t , ,  b r a n  ................. : . . . . . . . . . . . . . . . . . . . . . . . .  
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W h e a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : ............ I 
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W h e a t ,  w h o l e  w h e a t  f l o u r  ...................... 
W h e a t ,  s p a g h e t t i . . . .  ......... : . . . . . . . . . . . . . . . . . . . .  1 

3 .2-5 .2  26c  
2.4 26c  
1 .30  3 5 a  
2.1 26c  
1.4 26e 
0.23 3 5 a  

10.0  26e  
3.0 0.3 11  
1 .70  0 .84  3 5 a  
2.0 40  
2 .52 0 .78  3 5 a  
1.2 2 6 c  
2.1 26c  
0 .8  11 
0 .650  57 
0 .250  57  
2 .10 1 .94  3 5 a  
0 .4  26c  
2 .40  1 .20  3 5 a  
0 .57 0 .35  3 5 a  

2 .2-3 .5  26e  
3.7 76e  
0 .91 12 
0 .03 12  
1 .46 12 
2 .87  1 2  
5.77 12  
3 .18  12 
0 .30 12 

15 .84  12 
1 .08  12  
0 .26 12 
0 .52 12 
1 .00 12 
] . 7 3  12 
2 .33 12 
1 .32  12 

15-38 20  
2 .6-3 .4  26e  

1 .20 3 5 a  
2 .20  3 5 a  
1 .20 3 5 a  

*** For  tocopherol content  of miscellaneous f o o d s  s e e  (35a) .  
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D. Tocopherol Content in Animal Matter 
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s e r u m  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b l o o d  p l a s m a  ... . . . . . . . . . . . . . . . . . . . . . . . . .  
f a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s t e a k  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c o w  b l o o d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mg./lOO g. 

Total Refex- 
tocopherol a once 

0 .95  
1~40 1 .40 
0 .59  
0 .33 

2.6-13.0 
0 .9-1 .1  

2.3 
1.2 

0 .2-1 .5  
0 .582 ,  0 .685  

1.0 
0 .63  0.47 
0 .~5 

C h i c k e n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  p l a s m a  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D o g ,  s e r u m  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i s h ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G u i n e a - p i g ,  s e r u m  ..... . . . . . . . . . . . . . . . . . . . . . . . . .  
H a d d o c k  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e r r i n g ,  B a l t i c  S e a  .... . . . . . . . . . . . . . . . . . . . . . . .  
H o g ,  f a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o g ,  ~lfflte f a t  .................. ......... 
H o g ,  l e a f  f a t  ....................................... 
H o g ,  h a m  f a c i n g  ................................ 
H o g ,  b a c k  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o g ,  l a r d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o g ,  l a r d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H o g ,  p o r k  c h o p s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o g ,  b a c o n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ,  m u s c l e  ...................................... 
H o r s e ,  h e a r t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H o r s e ,  k i d n e y  ...................................... 
H o r s e ,  s e r u m  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a m b ,  c h o p s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  s e r u m  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  l iver . . . . :  ......... ......................... 
R a b b i t ,  m u s c l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  m u s c l e ,  l e g  .... . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  b r a i n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  l u n g s  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  h e a r t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  s p l e e n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  l i v e r  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  k i d n e y  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  i n t e s t i n e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  s t o m a c h  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  s k i n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a b b i t ,  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  m u s c l e  .......................................... 
R a t ,  m u s c l e  o f  o ld  s e v e r e l y  

d e f i c i e n t  m a l e s  ................................ 
R a t ,  m u s c l e ,  m a ] e  .... . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  l i v e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  s e r u m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a t ,  f e c e s ,  s t o c k  d i e t  .......................... 
R a t ,  f e c e s ,  t o e o p h e r o l -  

s u p p l e m e n t e d  d i e t  .......................... 

46  
3 5 a  
46  
5 2 b  
5 2 b  
5 2 b  
5 2 b  
5 2 b  
5 2 a  
96  
5 2 a  
3 5 9  
36 

0 .25  0 .21 3 5 a  
0 .56 85 
0.3 5 2 9  
1 .81  57  

0 .15 -0 .25  5 2 a  
0 .39  0 .35 3 5 a  
1 .05  57 
0 .22 46  

0 .78 ,  2.87 17 
0 .67 ,  2.13 17 

0 .53 17 
0 .64  17 
1.2 5 2 a  
2.7 2.3 3 5 a  

( < 0 . 4  m g . ' y )  
0 .71 0 .63 3 5 a  
0.53 0 .44 3 5 a  
0.53 46  
0 .49 4 6  
1 .32 4 6  
0.63 46  
0.2 5 2 a  
0 .77  0 .62 3 5 a  
0.45 529 
0.92 41  
0 .80 41  

0 .13-0 .33  5 2 b  
0 .5-1 .8  5 2 b  
1.0,  L 9  5 2 b  
0 .7-1 .3  5 2 b  

1.0 5 2 b  
0 .9-1 .4  5 2 b  
0.5,  0 .7  5 2 b  
0 .4-0 .7  5 2 b  
0.6,  1 .2  5 2 b  

0 .26 5 2 b  
0.6 5 2 b  
1 .18  22 

0 .75  22  
0 .75  17  
2 .21  17 

0 .20 -0 .25  5 2 a  
0 17 

3 4 a  

D a i r y  P r o d u c t s  a n d  E g g s  

B u t t e r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
B u t t e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u t t e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B u t t e r ,  s u m m e r  c o w ' s  

b u t t e r  f a t  ......................................... 
B u t t e r ,  w i n t e r  c o w ' s  

b u t t e r  f a t  ................. ........................ I 
B u t t e r  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
Cheese ,  2 0 %  f a t  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Cheese ,  A m e r i c a n  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 
M i l k ,  2 . 5 %  f a t  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i l k ,  p o w d e r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ........ 

2 .1-3 .3  
2 .1-2 .5  

2 .40  

4.2 

1 .7-3 .0  

0 .6  
1 .00 
0 .02 
0.5 

2.4 

26c  
57 
3 5 a  

36  

7 3 b  
7 0 d  
26e  
3 5 a  
26e  
26e  

Material  

M i l k  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i l k ,  s u m m e r  c o w  ............................... 
M i l k ,  w i n t e r  c o w  ................................. 
M i l k , w i n t e r  cow,  f a t  ... . . . . . . . . . . . . . . . . . . . . . . .  
M i l k ,  f a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i l k ,  w h o l e  f l u i d  ................................. 
M i l k ,  e v a p o r a t e d  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g g ,  b o i l e d  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g g ,  l i p i d  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g g ,  w h o l e  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ...... 

Mg.~(lO0 g. 

Total Refer~ 
tocopherol 'a ence 

0 .056  57 
0 .17 36 

0 .08 -0 .15  7 3 b  
2 .3  36  

2 .99 ,  3 .19 96 
0 .12 3 5 a  
0 .30 3 5 a  
3.0 26c  

13.0  (4 .4  mg .5 ' )  7 6 b  
2 .00  1 .16  3 5 9  

F i s h  L i v e r O f l s :  i 

Cod  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  a b o u t  72 

M a n g o n a  S h a r k  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10  10 79 

43. Hueek, W., and  Wacker ,  L., BiCochem. Ztschr.,  100, 84 (1919) .  
44. J'offe, M., a n d  Har r i s ,  P .  L., J .  Am. Chem. Soc ,  65, 925 (1943) .  
45. Ka r r e r ,  P. ,  and  Keller, H.,  Holy. Chim. Acta, 21, 1161 (1938) .  
46. Kar re r ,  P., Jaeger ,  W., and  Keller, H., t telv.  Chim. Acta, 23, 

464 (1940) .  
47. Kaucher ,  M., Galbraith,  H.,  But ton,  .V., and  Williams, H.  If., 

Arch. Biochem., 8, 203 (1943) .  
48, Kau fmann ,  It .  P.,  Forte u. Seifen, 48, 53 (1941) .  
49. Kibardin ,  S. A., Chem..Abstr . ,  43, 4749 (1949) .  
50, Kingsley, G. R., and  Schaffert, R. R., $. Biol. Chem., 180, 315 

(1949) .  
51. Klostermann,  M., and  Opitz, YI, Ztsehr,  Unters .  Nahr .  Genussm., 

27, 713 (1914 ) ;  28, 138 (1914) .  
52. Kofler, M., a)  Ifelv. chim. acta,  28, 2166 ( 1 9 4 3 ) ;  b) 28, 26 

(1945) .  
53. Kraybill ,  It .  R., Thornton,  M. t-I., and  E'-dridge, K. E., Ind.  Eng.  

Chem., 82, 1138 (1940) .  
54. Larsen,  C. D., and  Morris,,  H .  P.,  J .  Am. Chem. Soe., 65, 2301 

(1943) .  
55. Lettr~, H. ,  and  Inhoffen, If .  ~I., Sterine, Gal lensguren und  ver- 

wa.ndto Naturstoffe, Samml. Chem. und  0hem.-tech. Vortrgge,  Neue 
Folge, u 29. S tu t tgar t ,  Fe rd inand  Enke,  1936. 

56. Liebermann,  0.,  Ber.  18, 1803 (1885 ) ;  Burcha rd ,  IrI., Chem. 
Zentralbl. ,  1890, I, 25. 

57. Lieck, If., and  Willstaedt, ~I., Chem. Abstr~, 40, 4759 (1946) .  
58, MacLachtan,  P.  L., J. Biol. Chem., 114, 185 (1936) .  
59. Manceau,  P.,  and  Big& Compt. rend.  soc. biol., 107, 635 (1931) .  
60. Matthes, H.,  and  Dahle, A., Arch.  der  Pharm. ,  249, 436 (1911) .  
61, Mayer, G. G., and  Sobotka, H.,  J .  Biol. Chem., 148, 695 (1942) .  
62. Miescher, F., Bet .  7, 376 (1874) .  
63. Mufioz, P.  C., Chem. Abstr.,  41, 1813 (1947) .  
64. Okey, R., a)  J .  Biol. Chem., 88, 367 ( 1 9 3 0 ) ;  b) J ,  Am. Dietetic 

Assoc., 21, 341 (1945) .  
65. Okey, R., Godfrey, L. S., and  Giltum, F., J .  Biol. Chem,, 124, 

489 (1938) .  
66, Okey, R., and  Greaves, V. D., J .  Biol. Chem., 129, 111 (1939) .  
67. Olcott, H .  S., and  Emerson, 0 .  If., J .  Am. Chem. See., 59, 1008 

(1937) .  
68. Ott, A. C., and  Ball, C. D., J .  Am. Chem. Soc., 68, 489 (1944) .  
69. Peters ,  J .  P.,  a n d  Man, E. B., J .  01in. Invest igat ion,  22, 707 

(1943) .  
7 0 .  Piekens,  M., Spanner ,  G. 0. ,  and  Bauman ,  L., J. Biol. Chem., 

95, 505 (1932) .  
71. Proc te r  & Gamble,. unpubl ished data  (determinat ions in isolated 

unsaponif iable) .  
72. Quackenbusli ,  F. W., Gottlieb, tI .  L., and  Steenbock, H., Ind.  Eng.  

Chem., 83, 1276 (1941) .  
73. Quaife, M. L., a)  J .  Am. Chem. Soc. 68, 308 ( 1 9 4 4 ) ;  b) J. Biol. 

Chem., 189, 513 (1947)  ; e) ibid., 175, 605 (1948)  ; d)  quoted in (39b) ,  
e) J .  Biol. Chem., 180, 1229 (1949) .  

74. Quaife, M. L., and  Biehler, R., J .  Biol. Chem., 159, 663 (1945) .  
75. Quaife, M. L., a n d  Dju, M. Y., J .  Biol. Chem., 180, 263 (1949) .  
76. Quaife, M. L., and  Har r i s ,  P .  L. a)  J .  Biol. Chem., 156, 499 

( 1 9 4 4 ) ;  b) Ind.  Eng.  Chem., Anal.  Ed., 18, 707 ( 1 9 4 6 ) ;  c) Anal. 
Chemistry, 20, 1221 (1948 ) ;  d) quoted in (39b) .  

77. Randall ,  L. O., J .  Biol.  Chem., 155, 723 (1938) .  
78. Rawlings,  I t .  ~ . ,  Kuhr t ,  N. If., and  Baxter ,  J'. G., J .  Am. Oil 

Chem. Soc., 25, 24 (1948) .  
79. Robeson, C. D., and  Baxter ,  J .  G., J .  Am. Chem. Soc., 65, 940 

(1943) .  
80. Salisbury, L. F., J. Biol. Chem., 117, 21 (1937) .  
81. Sehoenheimer, R., Ztschr.  physiol. Chem., 180, 1 ( 1929 ) ;  Klin. 

Wchschr. ,  11, 1793 (1932) .  
82. Schoenheimer, R., v. Behring,  H.,  and  Hummel,  R., Ztsehr. phys- 

iol. Chem., 192, 117 (1930) .  
83. Schoenheimer, R., and  Ifummel,  R.~ Ztschr,  physiol, Chem., 19~, 

114 (1930) .  
84. Schoenhelmer, R., and  Sperry,  W. M., J .  Biol. Chem., 106, 745 

(1934) .  
85. Seudi, J .  V., and  Buhs,  R. P., J .  Biol. Chem., 146, 1 (1942) .  
86. Steiger, M., and  Reichstein, T., Helv. Chim. Acta, 20, 1040 (1937) .  
87. Stern,  M. H., and  Baxter ,  J .  G., Ind.  Eng.  Chem., Anal.  Ed., 19, 

902 (1947) .  
88. Stern, M. H.,  Robeson, 0.  D., Weisler, L., and  Baxter ,  J .  G., 

J .  Am. Chem. Sot.,  60, 869 (1947) .  
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T A B L E  X I I I  

Tocopherol  in H u m a n  Tissues  
T issues  of  Two H e a l t h y  H u m a n  Subjec t s ,  

Ki l led  in Accidents  (75) 

Subject 

Male, 
30 yea r s  old 

Female ,  
43 years  old 

Tissue 

Muscle,  peer. m a j o r  
Muscle,  abdom,  wall  
L iver  
Fa t ,  abdom.,  subeut .  
Fa t ,  abdom.,  subcut .  
H e a r t  
Tes t i s  
K i d n e y  
Panc rea s  
L u n g  
Spleen 

Muscle, rect. abdom.  
M n s c l e ,  p s o a s  

Liver  " 
Fa t ,  abdom.,  subcut .  
Fa t ,  pe r i rena l  
H e a r t  
U t e r u s  
K i d n e y  
P a n c r e a s  
Spleen 

Tocopherol content 

Total ~,-]-~ 

Tissue Tissue Fat 

my. I  mg.I  
1 0 0  g.  1 0 0  g .  

1.32 20.9 
0.62 15.9 
2.49 40.7 

24.7 29.7 
29.2 35.9 

1.11 33.1 
2.83 121 
0.80 12.2 
5.49 53.3 
1.16 30.5 
1.88 75.7 

1.56 25.7 
3.80 87.7 
2.19 39.6 

49.5 60.5 
39.2 62.6 

1.28 38.7 
1.47 116 
3.32 72.7 

10.6 60.9 
4.70 51.0 

mg. /  
1 0 0  g. 

< 0 . 2 7  
< 0 . 0 5  
<0 .05  

2.63 
3.33 

<0 .09  
<0 .08  
<0 .19  
<0 .13  

o.34(~)  
0 .56 (? )  

<0 .11  
1.02 

< 0 . 1 4  
18.6 
11.5 

< 0 . 1 4  
0.31 
0.85 
3.75 
1.92 

E s t i m a t e d  Content  of  To ta l  Tocopherols  in 
H u m a n  Sub jec t s  (75 

Tissue Woman Man 

F a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Muscle ............................................................. 
Blood .............................................................. 
L iver  ............................................................... 
P a n c r e a s  ......................................................... 
Spleen ............................................................. 
H e a r t  .............................................................. 
K i d n e y  ......................................... , .................. 
U t e r u s  ............................................................. 
L u n g  ............................................................... 
Tes t i s  ............................... ~ ................... .......... 

To ta l  t i ssues  inves t iga ted  ........................... 

Tota l  on bas is  of  50 kilos body weight  ....... 
Tota l  on bas is  of  70 kilos body weight  ........ 

mg. my. 

6180 1885 
269 285 

45 64 
33 45 
10 7 

7 4 
4 3 

10 2 
2 

.... 12 
o 

6560 2309 

8120 
3440 

T o t a l  tocopherol  con ten t  in h u m a n  Subjects,  
in mg . / 100  g. ma t e r i a l  

Se rum .................. , ............................................... 
Serum.. .  ............................................................... 
N o r m a l  p l a sma  .................................................... 

Serum,  f rom 12 hea l thy  young  indiv iduals  ..... 

Blood se rum f rom adul t s  with 
amyola te ra l  sclerosis ..................................... 

P l acen t a  ........................................................ ...... 
Milk, 1st week a f t e r  pa r tu r i t i on  ....................... 
Milk, f a t ,  1st week a f t e r  pa r t u r i t i on  ............... 
Milk, composi te  samples  f r om 1st 

to 8th  mon th  of l ac ta t ion  ............................. 
Milk, f a t ,  composi te  samples  f r om 1st 

to 8th  m o n t h  of l ac ta t ion  ........ , .................... 
Blood serum,  in newborn ................................... 
Blood serum,  2-13 m o n t h s  old ........................... 
Blood serum,  1-3 yea r s  ...................................... 
Blood serum,  3-8 years  ...................................... 
Blood serum,  8-16 years  .................................... 
Blood serum,  over 20 years  ............................... 
Blood se rum ........................................................ 

P l a sma ,  front  men and  n o n - p r e g n a n t  
women ............................................................. 

P l a sma ,  in 1st 24 weeks of p r e g n a n e y  ............. 
P l a sma ,  in 25th to 36th week of p r e g n a n c y  .... 
P l a sma ,  in mothers  a t  del ivery ......................... 
Cord blood a t  i n f a n t ' s  b i r th  ............................. 
P l a s m a  of  newborn,  f emale  ................. ............. 
P l a s m a  of  newborn,  malel ................................. I 

Refer- 
~[g- ence 

0.6-1.4 
0.4-1.4 
0.9-1.6 

avg.  1.2 
0.59-1.62 
avg.  0.96 

0.67 
0.5 

0.13-3.6 
7.6-180 

0.11-0.15 

3.7-5.8 
0.3 
0.44 
0 . 8  
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T H E  a p p a r a t u s  s h o w n  i n  F i g u r e  1 h a s  b e e n  f o u n d  
c o n v e n i e n t  a n d  e f f e c t i v e  f o r  S t e a m  d e o d o r i z a t i o n  
o f  f a t s  a n d  o i l s  u n d e r  v a c u u m .  T h e  " S o u r c e  o f  

w a t e r  v a p o r  f o r  d e o d o r i z a t i o n  i s  t h e  1 0 0  m l .  g l a s s  

b u l b  s h o w n  a t  ( A ) .  T h e  a m o u n t  o f  w a t e r  e v a p o r a t -  

i n g  f r o m  t h i s  b u l b  i s  c o n t r o l l e d  b y  t h e  t e m p e r a t u r e  

o f  t h e  w a t e r  b a t h  i n  w h i c h  i t  i s  i m m e r s e d  ( 3 0 ~  i s  

u s u a l l y  a d e q u a t e ) .  T h e  n e c k  o f  t h e  w a t e r  r e s e r v o i r  

b u l b  i s  j o i n e d  t o  t h e  f l a s k  i n l e t  t u b e  ( B )  b y  a 1 2 / 3 0  

s t a n d a r d  g r o u n d  g l a s s  j o i n t .  T h e  i n l e t  t u b e  c a r r i e s  

a 1 m m .  s t o p c o c k  f o r  f u r t h e r  r e g u l a t i o n  o f  i n c o m i n g  

1N.R.C. No. 2204. 

w a t e r  v a p o r  a n d  l e a d s  t o  t h e  b o t t o m  o f  t h e  d e o d o r i z e r  
f l a s k  c o n t a i n i n g  t h e  h e a t e d  f a t  o r  oi l .  A l t h o u g h  t h e  
w a t e r  v a p o r  e n t e r i n g  t h e  f l a s k  p r o v i d e s  v i o l e n t  a g i t a -  
t i o n  a s  i t  i s  s u p e r h e a t e d  b y  c o n t a c t  w i t h  t h e  h o t  f a t ,  
n o  d i f f i c u l t y  w i t h  b u m p i n g  i s  e n c o u n t e r e d  i f  t h e  f l a s k  
a n d  t h e  f a t  a r e  d r y  w h e n  d e o d o r i z a t i o n  is  b e g u n .  

T h e  f l a s k  i s  a 12  1. r o u n d  b o t t o m  t h r e e - n e c k e d  c o n -  
t a i n e r  w i t h  2 4 / 4 0  j o i n t s  oIi t h e  s i d e  n e c k s  a n d  a 2 9 / 4 2  
c e n t e r  j o i n t .  I t  i s  h e a t e d  i n  a 12  1. h e m i s p h e r i c a l  
G l a s - C o l  m a n t l e ,  a n d  t h e  u p p e r  h e m i s p h e r e  o f  t h e  
h e a t i n g  m a n t l e  m a y  a l s o  b e  u s e d  t o  m i n i m i z e  r e f l u x .  
A s a f e t y  g l a s s  s h i e l d  i s  p l a c e d  i n  f r o n t  o f  t h e  f l a s k  
w h e n  t h e  a p p a r a t u s  i s  i n  o p e r a t i o n .  


