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Group E. 1.0 or less 
Trypsin hydrolysate of beef serum, pepsin hydrolysate of 
beef serum albumin, nicotinic acid, melanin, dioxyphenyl- 
alanine, pepsin hydrolysate of beef serum, serine, lysino, 
cystiue, egg albumin, casein, pepsin, urea, peptic-tryptic 
digest of pancreas, pepsin hydrolysate of beef serum globu- 
lin, glycollic acid, aspartic acid, erepsin hydrolysate of beef 
serum albumin, creatinine, oxamide, choline, bovine alpha 
pseudoglobulin, hydroxylaminc, peptone, erepsin hydrolysate 
of beef serum, tyrosine, citrulline, succinimide, gluconie 
acid, uric acid. 

SECTION III. 

l~RIMAKY PItENOLIC ANTIOXlDAN'I~: NOI~DIHYDROGUAIARETIC 
AcID 

Group A. Syncrgists  with protective indices from 4.0 $o 3.1 
None. 

Group B. 3.0 to 2.1 
Methionine. 

Group C. 2.0 to 1.6 
Phenylalanine, leuelne, tryptophane, alanine, norlcucine, 
milk protein hydrolysate No. 2, norvaline, vallne, ascorbie 
acid. 

Group D. L5  to 1.1 
Milk protein hydrolysate No. 1, threonine, isoleucine, pro- 
line, alpha-anfino-isobutyric acid, dioxyphenylalanine, nin- 
hydrin, glutamic acid, propamidine, cystine, casein, milk 
protein hydrolysate No. 000319, eysteine, ascorbyl palmi- 
tare, arginine, histidine, choline, levulinic acid, bovine alpha 
pseudo-globulin, serine, asparagin, glycerophosphoric acid, 
hydroxyproline, diiodotyrosine, citrulinc, uric acid, urea, 
creatinine. 

Group E. 1.0 or less 
Trypsin hydrolysate of beef serum, amidol, casein hydroly- 
sate made with sulfuric acid, trypsin hydrolysate of beef 
serum albumin, peptone, tyrosine, erepsin hydrolysate of beef 
serum globulin, melanin, aspartie acid, egg albumin, pepsin, 
gluconic acid, peptic-tryptic digest of pancreas, peptic di- 
gest of pancreas protein, acid precipitate from alkali treated 
beef serum protein, trypsin, nicotinic acid, lysine, erepsin 
hydrolysate of beef serum albumin, succinimide, casein hy- 
drolysatc made with barium hydroxide, oxamide, barbituric 
acid, sulfuric acid hydrolysate of beef serum protein, glycol- 
lic acid, trypsin hydrolysate of beef serum globulin, alkali 
treated beef serum protein, sulfuric acid hydrolysate of 
paucreas protein, arsphenamine, casein hydrolysate made 
with hydrochloric acid, erepsin hydrolysate of beef serum, 
pepsin hydrolysate of beef serum albumin, pepsin hydroly- 
sate of beef serum globulin, pepsin hydrolysate of beef 
serum, hydroxylamine. 

A c k n o w l e d g m e n t s  
The p a n c r e a s  a n d  beef  s e r u m  p r o t e i n  h y d r o l y s a t e s  

m a n u f a c t u r e d  b y  S h a r p  a n d  Dohme,  Inc. ,  were gen- 
e rous ly  p r o v i d e d  b y  R. H.  B a r n e s  of t h a t  company .  
The mi lk  p r o t e i n  h y d r o l y s a t e s  which  were  m a n u f a c -  
t u r e d  b y  the  W.  F .  S t r a u b  C o m p a n y  were  gene rous ly  
p r o v i d e d  b y  C. P.  B a r n u m  of the  U n i v e r s i t y  of Min-  
nesota.  A c k n o w l e d g m e n t s  a re  also due  F r e d  Bock, 
A l b e r t  Mi lg rom,  a n d  Miss B a b e t t e  S p r i n g e r  for  t h e i r  
t echn ica l  ass is tance .  
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Ant iox idant  Propert i e s  of Carrot Oil' 
E R I C H  H E F T M A N N  2 

From the Department of Biochemistry, The University of Rochester, 
School of Medicine and Dentistry, Rochester, N. Y. 

W H I L E  pur i f i ed  ca ro tene  is qu i te  suscep t ib le  to 
ox ida t ion ,  ca ro tene  in ca r ro t s  is r e m a r k a b l y  
s t ab le  a n d  qu i te  unaf fec ted  b y  a u t o c l a v i n g  a n d  

d r y i n g  on a i r .  Occur rence  of f a t - so lub le  a n t i o x i d a n t s  
in  ca r ro t s  has  been  d e s c r i b e d  b y  B r a d w a y  a n d  M a t t i l l  
(1) ,  b u t  t h e y  exc luded  the  presence  of tocophero ls  oil 
the  fo l lowing  g r o u n d s :  1) Bioassays  of ca r ro t s  gave 
low resul ts .  2) W h e a t  g e r m  a n t i o x i d a n t s  were  p re f -  
e r a b l y  so luble  in p e t r o l e u m  e the r  while  c a r r o t  an t i -  
o x i d a n t s  were  not. 3) The  d i s t i l l a t i on  r anges  u n d e r  
r e d u c e d  p r e s s u r e  of the  two f ac to r s  were  di f ferent .  

I n  the  fo l lowing  p a p e r  ev idence  wil l  be p r e sen t ed  
which ind i ca t e s  t h a t  tocophero l s  a re  chiefly respons i -  
ble  fo r  the  a n t i o x i d a n t  p r o p e r t i e s  of the  f a t - so lub le  
p o r t i o n  of car ro t s .  Mo lecu l a r  d i s t i l l a t i on  was used  fo r  
the  p u r p o s e  of c o n c e n t r a t i n g  a n d  c h a r a c t e r i z i n g  the  
a n t i ox idan t s .  This  t echn ique  has  f r e q u e n t l y  been  suc- 
cessful  in  dea l i ng  wi th  l ab i l e  f a t - so lub le  subs tances .  
Robeson a n d  B a x t e r  (13)  fo r  examp le  iden t i f i ed  the  
a n t i o x i d a n t  of sha rk  l i ve r  oil as a - tocophero l  b y  mo- 
l ecu l a r  d i s t i l l a t ion .  F o r  a d iscuss ion  of the  " a n a l y t i -  
c a l "  t echn ique  of m o l e c u l a r  d i s t i l l a t i on  used  in th i s  
work  the o r i g i n a l  a r t i c l e s  of H i c k m a n  (3) a n d  Em-  
b ree  (2)  shou ld  be consul ted .  

D e t e r m i n a t i o n  of  A n t i o x i d a n t  Ef fec t  

The  a n t i o x i d a n t  effect of d i f fe ren t  m a t e r i a l s  was 
c o m p a r e d  b y  a d d i t i o n  to a s u b s t r a t e  of d i s t i l l ed  

t From a thesis submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

~Present  address, United States Public Health Service, Diabetes 
Section, New England Deaconess Hospital, Boston, Mass. 

m e t h y l  es ters  of olive oil f a t t y  ac ids  a n d  d e t e r m i n a t i o n  
of pe rox ide  concen t r a t i ons  b y  a modi f ica t ion  of Whee l -  
e r ' s  me thod  (14) .  Such  a s u b s t r a t e  is conven ien t  fo r  
vo lumet r i c  a n d  co lo r ime t r i c  work,  b u t  qu i te  uns tab le .  
I t  was f r e s h l y  p r e p a r e d  be fo re  use a n d  a sample  of 
s u b s t r a t e  was i n c l u d e d  in e v e r y  a n a l y t i c a l  r u n  to 
account  fo r  v a r i a t i o n s  in  the  s u s c e p t i b i l i t y  to au tox i -  
da t ion  be tween  d i f fe ren t  ba tches  of subs t r a t e .  A t y p i -  
cal  s u b s t r a t e  p r e p a r a t i o n  is desc r ibed  be low:  

One hundred grams of olive oil were dehydrated by mixing 
with a small amount of benzene and distilling off the water- 
benzene azeotrope. The olive oil was refluxed with 300 ml. abso- 
lute methanol and 2.5 ml. concentrated sulfuric acid at the 
boiling point of methyl alcohol for about 16 hours. After 
cooling, fatty acids and glycerol were removed by adding ether 
and extracting with sodium carbonate solution. The product 
was dried overnight with drierite, the ether distilled off, and 
the crude methyl esters, weighing 91 gm., subjected to vacuum 
distillation in an asbestos-covered modified Claisen flask with 
electrically heated Vigreaux column. Most of the material 
(83 gm.) distilled between 190 and 200 ~ at 10 mm. pressure. 
The saponification equivalent of this fraction was 293, the 

"iodine value (Wijs '  method) was 79.5. 
F o r  the  e s t ima t ion  of the  r e l a t i ve  a n t i o x i d a n t  effect 

the  s u b s t r a t e  a n d  a d d e d  tes t  m a t e r i a l s  were  i n c u b a t e d  
in  g l a s s - s toppe red  125-ml. E r l c n m e y e r  flasks in  an 
o r d i n a r y  w a t e r  b a t h  k e p t  a t  50 • .25~ Cons t an t  
i l l u m i n a t i o n  f rom a 200-W. l i g h t  bu lb ,  a b o u t  one foot  
above  the su r f ace  of the  wa te r ,  was used  to acce le ra te  
au tox ida t i on .  E v e r y  24 hours  the  flasks were  m i x e d  
b y  ro ta t ion ,  t hen  a sample  was w i t h d r a w n  b y  p ipe t t e .  
A f t e r  h a v i n g  once d e t e r m i n e d  the we igh t  of m a t e r i a l  
de l ive red  b y  th is  p i p e t t e  a t  50 ~ we igh ing  of samples  
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became unnecessary. Each sample was delivered into 
another  125-ml. Er lenmeyer  flask fitted with a long 
glass tube in a rubbe r  stopper. The tube acts as an 
air-cooled reflux condenser when the sample is heated 
with the glacial acetic acid-chloroform mixture  and 
potassium iodide accordh~g to Whecler ' s  method. 
Thus samples are kept in an atmosphere of inert  sol- 
vent vapors  which displace the air  and fill the flask, 
making the use of ni trogen unnecessary. Peroxide 
values were expressed as milliequivalents of Na_~S203 
required by 1 kgm. of sample. 
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Fro. 1. :Effect of various amounts  of carrot  oil on the autoxi- 
dation of the substrate.  

Experiments with Carrot Oil 
Thir ty  pounds of carrots were cleaned and grated, then finely 

ground with sand in a mor ta r  to break up the cells. The brei 
was immediately t ransfer red  to acetone in a five-gallon bottle. 
The acetone inactivates bacteria and enzymes, keeps out air, 
dehydrates,  and part ial ly extracts the material .  The bottle was 
stoppered and its contents mixed by laying it on its side and 
rolling it back and forth.  The next day the acetone was sep- 
arated f rom the solid mat ter .  To accomplish this a s topper 
with two holes of different size was used. A piece of ]20-mesh 
wire gauze was fitted into the larger hole and a suitably bent 
piece of glass tubing introduced into the smaller one in such 
a way that  it would reach into the air pocket which forms 
when the bottle is laid sidewise or t ipped over, mouth dowu. 
By applying pressure to this air pocket with a pressure bulb the 
liquid was forced out of the larger  hole, while the solid was 
retained by the wire gauze. The acetone was changed three 
times af te r  overnight  contact, water  was added to the com- 
bined acetone extracts and the f a t ty  material  extracted f rom 
this wi th  petroleum ether. The pulp appeared quite dry and 
was extracted for  two days with a 3 :1  mixture  of absolute 
methanol and ethyl ether. To this extract  water  was added 
and it was also extracted with petroleum ether. Af te r  drying 
the extracts  over drierite, they were concentrated under  reduced 
pressure at room temperature .  For  fu r the r  extract ion of the 
pulp three changes of chloroform were used. Finally,  the pulp 
was extracted in a large Soxhlet appara tus  wi th  peroxide-free 
ether fo r  24 hours. F rom the combined extracts  of 30 lb. of 
carrots  32 gm. of f a t t y  material  were obtained. 

Various amounts of carrot  oil were added to the 
substrate  and peroxide values were determined every 
24 hours over a period of 13 days. F igure  1 shows the 
action of carrot  oil on the rate of peroxide format ion 
in the substrate.  The ant ioxidant  effect is greater  with 

higher carrot  oil concentrations and prolonged even 
with very  low concentrations. 

In  order to determine whether  the inhibitors could 
be concentrated in the non-saponifiable fract ion of 
carrot  oil the following experiment  was carr ied out. 
About  one gram of carrot  oil was dissolved in 25 ml. 
chloroform. Ten ml. absolute methanol, containing 
1.5 gm. K O I I  previously dissolved by  refluxing, were 
added and the mixture  kept  at 50 ~ for  half  an hour 
under  a continuous s t ream of ni trogen with periodic 
mixing. The mixture  was added to 30 ml. f reshly 
boiled water  and shaken with peroxide-free ether in a 
separa tory  funnel. The ether extracts, containing the 
non-saponifiablc material ,  were combined and evapo- 
rated af ter  drying. The alkali-soluble mat te r  was 
l iberated f rom the aqueous solution by  acidification 
with I ICI  and extracted with ether. By evaporat ing 
the ether f rom this and f rom a sample of the original 
ether extract  three specimens were obtained:  carrot  
oil, its non-saponifiable, and its alkali-soluble fraction. 
Enough substra te  was added to make each specimen 
weigh 2% of the weight of substrate  and the samples 
were incubated at 50 ~ for  10 days (F igure  2). The 
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F~(}. 2. Dis t r ibut ion of ant ioxidant  propert ies  of carrot  ex- 
tract  between the non-saponifiable and alkali-soluble fraction. 

alkali-soluble fract ion did not have as great  an in- 
hibi tory effect on the oxidation of the substrate  as the 
untreated oil. The peroxide value of the substrate  
containing the non-saponifiable mat te r  was zero unti l  
the end of the four th  day, i.e., it afforded greater  
reduction in the rate of oxidation than  the original 
carrot  oil, bu t  a f te r  the fifth day the values sharply  
rose so tha t  they soon exceeded even those of the 
alkali-soluble fraction. 

The effcct of acctylat ion on the ant ioxidant  act ivi ty 
of carrot  oil was investigated. About  2 gin. of carrot  
oil were dissolved in approximate ly  50 ml. chloroform 
in a 300-ml. Er lenmeyer  flask fitted with a separa tory  
funnel. Nitrogen was bubbled through the liquid. 
Af te r  the flask had been well flushed, about  10 ml. 
acetyl chloride wcre slowly dropped in through the 
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funnel  with constant mixing b y  agitation. Af te r  15 
minutes 100 ml. distilled water  were added. The mix- 
ture  was shaken and centrifuged.  The chloroform 
layer  was washed repeatedly with water  in a separa- 
tory  funnel, then dried over drierite. 

At  the same time it was a t t empted  to get an insight 
into the role of carotene in the ant ioxidant  propert ies  
of carrot  oil by  inactivat ing carotene by  hydrogena-  
tion. The hydrogenat ion of carrot  oil was carr ied out 
according to the low pressure procedure proposed by  
Quaife and Har r i s  (11). The hydrogenated carrot  oil 
was divided into two portions. To one port ion enough 
carotene, recrystall ized as described later, was added 
to br ing  up the content of unchanged carotene in the 
hydrogenated oil to tha t  originally present, i.e., to 
about  2%. 

Carrot  oil and the three samples of modified carrot  
oil were mixed with the substra te  in 2% concentra- 
tion. F igure  3 shows that  carrot  oil lost more of its 
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~G. 3. Effect of acety]ation and hydrogenation on the anti- 

oxidant properties of carrot oil. Effect of restoring the caro+ 
tene to hydrogenated carrot oil. 

was raised 10 ~ for  each succeeding fraction, bu t  the 
preheat  was kept  at  110% Thus, 12 fractions, ranging  
in distillation tempera ture  f rom 110 ~ to 220 ~ were 
obtained. 

The fract ions were analyzed for  carotene and toco- 
pherol. The carotene content of the original distilland 
was 1.08 reg./gin, and increased with distillation tem- 
pera ture  f rom .015 reg./gin, for  f ract ion 110 ~ to 3.5 
reg./gin, for  the distillation residue. No tocopherol 
could be detected in any of the fractions, bu t  the 
original carrot  oil was found to contain 0.5% toco- 
pherol. The presence of ~- (and 8-) tocopherol was 
excluded by  a special test (10). A modification of the 
Emmerie-Engel  method (11) was used to eliminate 
the interference f rom carotene. The original distil- 
land used for  molecular distillation, calculated on the 
basis of this analysis, contained 12.5 rag.% tocopherol, 
an  amount  which might  have escaped detection. 

F ive  grams of each fract ion were added to 25 gin. 
substrate.  Thus, the result ing solutions contained 
16.67% of each fraction. The results of a 12-day 
peroxide assay are given in F igure  4. Peroxide val- 
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ant ioxidant  effect by  hydrogenat ion than by  acetyla- 
tion, and tha t  restoration of carotene to hydrogenated 
carrot  oil also restored some, bu t  by  no means all of it. 

Molecular Distillation of Carrot  Oil 

Over 200 gin. Constant  Yield Oil s (C.Y.O.) were 
melted, and, to get a good dispersion, an amount  of 
chloroform solution of carrot  oil calculated to produce 
a 2.5% solution of carrot  oil in C.Y.O. was added. 
The chloroform was taken off under  vacuum. A small 
amount  of the 2.5% carrot  oil solution was set aside 
for  test ing of the original distilland. A 500-cc. cyclic 
falling-film molecular still (3) was charged with 200 
gin. of the solution. Af te r  a period of degassing, a 
distillation was carried out, beginning with a distil- 
lation t empera tu re  of 110 ~ and allowing 10 minutes 
for  the collection of each fraction. The column heat  

8 D i s t i l l a t i o n  P r o d u c t a ,  I n c .  

$" l 0  

Days 
FI•. 4. Effect of fractions from the molecular distillation of 

carrot oil on the autoxidation of the substrate. 

ues of the unprotected substrate  and the substrate  to 
which 16.67% C.Y.O. had been added were 463 and  
553 respectively at  the end of 12 days, as compared to 
6.0 for  the substrate  protected by  16.67% of the frac-  
tion wi thdrawn at  190 ~ There the effect reached a 
max imum and then decreased. Tocopherols have an 
elimination max imum around 190 ~ bu t  the tempera-  
ture of the elimination max imum depends on the 
construction of the still and  the mode of distillation. 
Besides, the f ract ion containing the highest concen- 
t ra t ion  of tocopherol does not  necessarily have the 
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greatest  ant ioxidant  effect, as shown later. The situa- 
tion is complicated by  the fact  tha t  one is dealing 
with a complicated mixture  of substances, several of 
which may  have an effect on autoxidation. In  order 
to arr ive  at a definite conclusion it  is necessary to 
subject  pure  tocopherol plus any  substance or sub- 
stances known to occur in carrot  oil a n d  to be of 
influence to a molecular distillation under  the same 
conditions, to test the result ing fract ions in a com- 
parable  manner ,  and to compare both elimination 
maxima. 

Experiments with Tocopherol and Carotene 
The effect of pure  a-tocopherol and of pure  carotene 

on the autoxidation of the substra te  was investigated. 
Pure  na tura l  d a-tocopherol ~ was dissolved in the 
substrate  in concentrations ranging  f rom 1 to 100 
mg.%. The effect of various concentrations of toco- 
pherol on the autoxidation of the substrate  at 50 ~ is 
shown in F igure  5. In  5 mg.% and higher concentra- 
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on t h e  a u t o x i d a t i o n  o f  t he  s u b s t r a t e .  

tions no induction period was noticeable within the 
experimental  period of 14 days. Instead,  oxidation 
proceeded at  a slow, even rate. This rate  was faster,  
the higher the tocopherol concentration. Samples hav- 
ing tocopherol concentrations of 25 mg.% or more 
consequently showed greater  peroxide content than  
the original substra te  dur ing the period in which it  
itself oxidized ra ther  slowly. 

Carotene f rom carrot  oil ~ was recrystall ized by 
dissolving in chloroform and precipi ta t ing with abso- 
lute methanol. The precipi tate  was allowed to age for  
about  an hour, then filtered off with a f r i t ted  glass 
filter and washed on the filter with methanol. This 
procedure was repeated and the product  was dried in 
a vacuum desiccator overnight.  The effect of carotene 
in concentrations f rom 0.2 to 30 rag.% on the autoxi- 
dation of the substrate  is shown in F igure  6. The 
sample containing 0.2 mg.% carotene had peroxide 
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values similar to those of the original substra te  up 
to the four th  day. F rom then on they were appre-  
ciably lower. The peroxide values at  the 1 mg .% level 
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F ie .  6. E f fec t  o f  var ious  concent ra t ions o f  pure  carotene on 
the autoxidation of the substrate. 

were consistently lower. When the carotene content 
was increased above 4 mg.%,  the peroxide values were 
higher than those of the unt rea ted  substrate  unti l  
about  the fifth day, but  lower af terwards.  Th e per- 
oxide values were higher the higher the carotene 
concentration. All samples containing carotene event- 
ually assumed similar rates and peroxide values, f a r  
below those of the substrate.  Carotene was completely 
bleached in all samples by  the end of the th i rd  day. 

A mixture  of a-tocopherol and carotene with C.Y.O. 
was distilled in the same manner  as the carrot  oil. The 
concentration of tocopherol was 12.5 mg.% and the 
concentration of carotene 107.5 mg.%, just  as in the 
carrot  oil distillation. Both substances, identical with 
those used in the preceding experiments,  were dis- 
solved in the molten C.Y.O. by  adding them in chloro- 
form solution and taking off the solvent under  vac- 
uum. Tocopherol values were obtained, but  they were 
so inconsistent tha t  they were considered unreliable. 
Carotene concentrations ranged f rom 0 for  f ract ion 
110 ~ to 3.7 mg. /gm,  for the residue. The fract ions 
were assayed in the same manner  as those obtained 
f rom carrot  oil (F igure  7). As in the distillation of 
carrot  oil, the ant ioxidant  effect increased roughly 
with the distillation tempera ture  unti l  a max imum 
act ivi ty was reached around 190 ~ Fract ions 110 ~ 
210 ~ and 220 ~ were near ly  devoid of ant ioxidant  
activity,  the residue even accelerated the oxidation of 
the substrate.  

s I~utrltlonal Research Associates, Inc.  
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FI0. 7. Effect of f ract ions  f rom the molecular distillation 

of a tocopherol-carotenc mixture  on the autoxidat ion of the 
substrate .  

Stability of Carotene in Autoxidizing Substrate 
I t  was possible to get some information regarding 

the stability of carotene in the autoxidizing substrate 
by comparing the color of the incubated solutions 
during the experiments on peroxide development in 
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FIo. 8. Change of c a r o t e n e  conten t  with t ime in the  f r a c t i o n s  

f rom molecular distillation of carrot  oil dur ing the autoxidat ion 
o f  the  subs tra te .  

a photoelectric colorimeter. The colorimeter readings 
are not proport ional  to carotene concentrations, but  
afford a ready comparison of relative values. By 
plotting time against colorimeter readings the rela- 
tive stability of carotene in the fractions from the 
molecular distillation of carrot  oil in the substrate 
is represented in Figure 8. The carotene content rose 
with the distillation temperature.  Colorimeter read- 
ings for fractions up to 180 ~ were strikingly constant. 
In the higher fractions destruction of carotene started 
sooner, the higher the distillation temperature.  The 
fractions from molecular distillation of the tocopherol- 
carotene mixture behaved in a very similar manner. 

Discussion 
Tocopherol was found to be present in carrot oil 

to the extent of approximately 0.5%. In 1946 Quaife 
and Harr is  ( ]2)  published the tocopherol concen- 
trat ion in carrot  oil of unspecified origin as 1.620 
mg./gm. During the course of this investigation the 
author was informed that II. A. Mattill had carried 
out a bioassay for vitamin E oll some carrot  oil pro- 
duced by  Nutrit ional Research Associates inc., in 
1940. With Dr. Mattill 's kind permission his unpub- 
lished data of that  bioassay are quoted below: 

"Amount fed Number of young born 

1 g i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

500 mg ..................................................... 7 
500 mg ..................................................... 7 
250 mg ..................................................... l~esorption 
250 mg ..................................................... l lcsorption 
250 mg ..................................................... 10 (9 dead) 
250 mg ..................................................... 2 (1 ptly. consumed) " 

This indicates an a-tocopherol concentration of ap- 
proximately 1%. Much has been learned about bio- 
assays for vitamin E since 1940, and it  might be 
possible to obtain a more accurate figure, but  it would 
have to be based on the assumption that  all of the 
tocopherol is present in the a-form. But, since a-toco- 
pherol has twice the biological activity of fl-tocopherol, 
the result may still be in error.  While it could not be 
decided whether tocopherol is present in the a- or fl- 
form, or both, 7- and 8-tocopherol have been shown 
t o  be absent by  chemical means. I t  was possible to 
show that  tocopherol is not present to any extent in 
the esterified form, as Olcott (7) assumed in order to 
explain the low vitamin E activity of carrots in Brad- 
way's  experiments (1), since the unsaponified carrot 
oil had appreciable antioxidant  effect. The drop in 
antioxidant activity on acctylation (Figure  3) ex- 
plains itself as due to tile inactivity of the tocopherol 
acetate. 

Under the conditions of the test the effectiveness of 
a-tocopherol in reducing the rate of peroxide forma- 
tion in the substrate passed through a maximum at 
about 5 mg.% concentration (Figure 5). Oliver 
et al. (9) have shown that  the rate of peroxide forma- 
tion during the induction period of lard to which 
increasing amounts of toeopherol had been added 
similarly passes through a minimum at a tocopherol 
concentration of 7 rag.%. 

Carotene is considered to be a pro-oxidant by  some 
authors (1, 6, 15), but  an antioxidant  by others (4, 5). 
The reported antioxidant properties of carotene have 
been ascribed to the presence of antioxygcnic material 
in the carotene used (8). This explanation seems 
plausible in the ease of Newton's work (5) as inacti- 
vation of carotene by  hydrogenation m a y  have on- 
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hanced the ant ioxidant  act ivi ty of his carotene-con- 
taining plant  extracts, but  the evidence presented by 
Monahagan (4) casts some doubt  on the supposed pro- 
oxygenic effect of carotene. Under  the conditions of 
the exper iment  in F igure  6 pure  carotene inhibited 
the autoxidat ion of the substratc  in concentrations 
be low  3 mg.% but  accelerated the initial rate  of 
peroxidation in higher concentrations. All samples 
eventually contained oxidized carotene, but  their  final 
peroxide values were appreciably  lower than those of 
the pure  substrate.  

Carrot  oil lost most of its ant ioxidant  act ivi ty on 
hydrogenat ion at 35 lb. with a catalyst  of palladized 
CaC03 (Figure  3). Tocophcrol is not likely to be 
affected by  this t reatment .  The loss of carotene can 
hardly  account for  the loss in ant ioxidant  act ivi ty on 
hydrogenation,  al though carotene showed a slight 
ant ioxidant  effect when added to the hydrogenated 
carrot  oil. I t  seems more likely that  a trace of pal- 
ladium chloride remaining with the carrot  oil a f te r  
hydrogenat ion acted catalyt ical ly on the oxidation. 

The only evidence for  the occurrence in carrot  oil 
of other substances having an inhibi tory effect on the 
autoxidat ion of the substra tc  was found in the s tudy 
of saponified carrot  oil (Figure  2). While the anti- 
oxidant act ivi ty  of the alkali-soluble fract ion was 
weak compared to that  of the original carrot  oil, it 
indicates the presence of some acidic inhibitors. The 
effect of the non-saponifiable f ract ion was stronger,  
bu t  of shorter  durat ion than  that  of the original car- 
rot  oil. This suggests that  the concentration of toco- 
pherol in the non-saponifiable fract ion is greater,  but  
that  the synergistic action of the acidic substances is 
lacking. 

The influence of fract ions f rom the molecular dis- 
tillation of the tocopherol-carotene mixture  on the 
autoxidation of the substrate  (F igure  7) is explain- 
able on the basis of the behavior of the two compo- 
nents. The tocopherol concentration in the substrate  
sample containing 16.67% of the original distilland 
was about  2 rag.%, tha t  of carotene about  18 rag.%. 
While the carotene concentrat ion increased with the 
t empera ture  of distillation, tocopherol apparen t ly  
reached a max imum around 190 ~ and then fell off 
again. Thus, each fract ion contained these two sub- 
stances in different proportions.  Fract ion 110 ~ con- 
taining almost none of either, had no influence on 
the oxidation of the substrate.  Higher  fract ions had 
increasing antioxidant  effect due to their  increasing 
tocopherol content. Fract ions  210 ~ 220 ~ and the 
residue contained small, decreasing amounts of toco- 
pherol and large, increasing amounts  of carotene, 
causing them to accelerate the reaction more and 
more. The fract ions f rom the molecular distillation of 
carrot  oil showed very  similar behavior  (F igure  4). 
Apparen t ly ,  the elimination curve for tocopherol, if it 

had been obtained, would have the same maximum. 
The protective effect of carrot  oil f ract ions on caro- 
tene oxidation was likewise quite similar to tha t  of 
pure  tocopherol. Comparison of the: effects of the orig- 
inal distillands and the most potent  fract ions indicates 
that  tocopherol was not too effectively concentrated. 

Summary  

A modified technique for  the assay of ant ioxidants  
and a method for  the prepara t ion  of carrot  oil have 
been described. The ant ioxidant  effect of carrot  oil 
has been analyzed by  molecular distillation and chem- 
ical t rea tment  of the oil. Tocopherols appear  to be 
chiefly responsible for the protection of the autoxi- 
dizablc substrate  and of carotene f rom oxidation. The 
effect of pure tocopherol and of pure  carotene, and 
various mixtures  of both, produced by molecular dis- 
tillation, on the autoxidation of the substra te  has 
been studied. The effectiveness of increasing toco- 
phcrol concentrations in reducing the initial rate  of 
peroxidation of the substrate  showed a max imum at  
5 rag.% tocopherol concentration. Carotene was an 
inhibitor of this reaction in concentrations of less than  
3 mg.%,  but  a pro-oxidant in higher concentrations. 
The ant ioxidant  act ivi ty of the molecular distillate 
fract ions of both the carrot  oil and the mixture  of 
pure  tocopherol "and carotene showed a maximum 
around a distillation tempera ture  of 190 ~ under  the 
conditions of the experiment.  The tocopherol content  
of carrot  oil is considerable;  it has been estimated at  
about  0.5 to 1%. 
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