
250 Vo~. 34 T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

TABLE I 
Compar i son  of A n t i o x i d a n t  Act iv i t ies  of the Pheno l s  

Pheno l  Commer c i a l  N a m e  and  Source  Act iv i ty  a 
or  Re fe rence  (Catechol  I n d e x )  

4-octylphenol b ................................................................................................................... 
4 -nonylphenoi  ~ .................................................................................................................. 
3 -methylphenol  ................................................................................................................... 
?,-isopropylphenol ............................................................................................................... 
4-1sopropylPhenol ........................ , .............................................. . ....................................... 
4 - t e r t - b u t y l p h e n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-methyI-4:tert-but .ylphen el . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 -ter~-but:r .............................................................................................................. 
3 - m e t h y l - 6 - t e r t - b u t y l ! ~ h e n o l  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 -methyl-6 -amylphe,nol b .................................................................................................... 
2 ,4-di- ter  t -butylphenol  ....................................................................................................... 
3 -methyl-4,6-di-tevt -butylptleno] ......................................................................................... 
2 - t e r t - b u t y l - 4 - m e t h y l p h e n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 4 - d i - t e r t - b u t y l - 6 - m e t h y l p h c n o l  i, ...................................................................................... 
2 - m e t h y l - 6 - t e r t - b u t y l p h e n o l  ................................................................................................ 
2,4-di-t er t -butyl-6- isopropylphenol  b .................................................................................. 
2 ,4 ,6- t r i  methylphenol  g ..................................................................................................... 
2,4, 64r l - i sopropylphenol  g ................................................................................................. 
2 -isopropyl- 6 -t err  -butylphenol ............................................................................................ 
2 , 4 , 6 4 r L t e r t - b u t y l p h e n o l  s ................................................................................................. 
2,6-di-tert-butyl-4 -methylphenol  ......................................................................................... 

2 ,4 ,6- t rLbromophenol  g ...................................................................................................... 
2 ,4 ,6- t r i - iodophenol  ............................................................................................................ 
2 ,4 ,6- t r i -n i t rophenol  .......................................................................................................... 

octylphenol  c 
nonylphenol  c 
~ -c r e so l  a 
~ - i sopropy lpheno l  d 
p-isop,ropylphenol d 
p t e v t - b u t y l p h e n o l  e 

~ - t e r t - b u t y l - o - c r e s o l  d 
o - t e r t - b u t y l p h e n o l  t 
m o n o - t e r t - b u t y l - m - c r e s o l  d 
mono-amyl-m-cresol  d 
2 , 4 - d i - t e r t - b u t y l p h e n o l  ~ 
4, 6 -d i - ter~ .bu  ty l -  m- c r e s o l  
o - t e v t - bu t y l - p - c r e s o l  a 
d i - t e r t - b n t y l - o - c r e s o l  a 
o - tor t -bu ty l -o -c reso l  a 
d i - t e r t - b u t y l - o - i s o p r o p y l p h e n o l  a 

(8 )  
o- i sopvopy l - e - t e r t~bu ty lpheno I  a 
(5) 
2 , 6 - d i - t e r t - b u t y l - p - c r e s o l  d 

(9) 
2,4,6-tr i - iodophenol  e 
p ic r i c  ac id  h 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.14 
0.26 
0.35 
0.37 
0.66 
0.69 
0.84 
0.90 
1.00 
1.16 
1.19 
1.19 
1.30 
1.75 
2.35 

0.00 
0.00 
0.00 

a F i v e  repl ica tes  on ac t ive  phenols,  three  on inac t ive .  V a r i a n c e  of i n d i v i d u a l  
0 .0154 uni t s .  

b Inc lud ing '  o ther  i somers .  
e R o h m  and  H a a s  Company.  
a K o p p e r s  C o m p a n y  Inc .  
e E a s t m a n  O r g a n i c  Ohcmicals .  
f The  n o w  Chemical  Company .  
g Synthes ized  in this  l abora tory .  
h B a k e r s  Chemical  Company .  

ana lTses :  0 .00198  u n i t s ;  s t a n d a r d  e r r o r  of rep l ica tes  ( a c t i v e ) :  

prevents ion-formation by the phenolic hydrogen, it 
also promotes the formation of hydrogen free-radicals. 
Taylor (6) has stated that the production of radicals 
stabilized by resonance always means that there is a 
low activation energy for withdrawal of a hydrogen 
atom and the ortho-alkyl phenoxy radicals have a 
capacity for a number of resonance forms. In addi- 
tion, any aromatic compound exhibiting resonance 
has greater thermochemical stability than non-res- 
onating compounds (7). This ease of radical forma- 
tion is undoubtedly related to the effectiveness of 
these compounds in breaking the reaction chains of 
fat autoxidation. 

Our results differ substantially from those of 
Wasson and Smith (2), especially in the activity of 
trimethyl phenol, which under their conditions was 
inactive and under ours was more active than catechol. 
Substantial quantitative differences a l so  exist be- 
tween our results and those of Rosenwald etal. (1). 
Whether these differences reflect a fundamental dif- 
ference in antioxidant structural requirements for 
fats as compared to petroleum products remains for 
further work under common testing procedures. 

Summary 

Tests with 24 substituted phenols showed that posi- 
tion was more important than the nature of the alkyl 

group in influencing antioxidant potency for lard. 
The most active compound tested was 2,6-di-tert-butyl- 
4-methylphenol. 
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Letter to the Editor 
December 7, 1956. 

I 
N A RECENT ARTICLE Reiser (1) has restated his 
original contention (2) that no significant amount 
of fatty acid exchange occurs in the intestinal 

lumen of the rat during fat digestion. The validity 
of this reasoning has been questioned repeatedly by 
the present author (3-6) ,  who has shown that such 
exchanges take place in the rat and in the human 
being and that the reaction is of considerable magni- 

tude. This letter is written in order to correct any 
misunderstandings which may have arisen out of our 
data. 

In Reiser's original experiments (2) rats were fed 
a synthetic unsaturated triglyceride labelled both in 
the glycerol and acid part. This was mixed with an 
unlabelled saturated triglyceride. From the relative 
amounts of labelled glycerol in the saturated and un- 
saturated triglycerides of the thoracic duet lymph, 
calculations were made as to the species of  glyceride 
absorbed. These calculations, were based on the as- 
sumption that no recombination of glyceride ester 
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bonds took place before absorption and resynthesis 
of triglycerides in the small intestinal mucosa. If  his 
basic assumption is correct, it is clear that the only 
possibility for formation of a disaturated glyceride 
labelled in the glycerol part was through hydrolysis 
to the monoglyceride stage, followed by re-esterifi- 
cation in the mucosa with two saturated fat ty acids. 

If  however exchanges and/or resyntheses of glyc- 
eride ester bonds took place in the lumen, it is equally 
clear that the type of glyceride isolated by Reiser 
could have been formed in the lumen prior to absorp- 
tion. A study of the composition of the lymph glyc- 
erides could not be expected to give any definite clue 
to the species of glyceride absorbed. The validity of 
this reasoning is acknowledged in Reiser's last paper 
(1). However he has presented there a recalculation 
of our data in an attempt to show that the magnitude 
of fatty acid exchanges is too small to be of any 
importance in calculations of the type made by him. 
He has cited one of our experiments (4), in which 
rats were fed olive oil containing 0.17% of labelled 
free palmitic acid. The animals were killed after 1 
to 3 hrs., and the distribution of the Iabetled acid 
between the different glyceride fractions recovered 
from the intestinal contents was defined. 

It was found that the specific activity of the re- 
covered triglyceride fat ty acids was about 20% of the 
specific activity of the total random mixture of fat ty 
acids in the test meal. This result has been interpreted 
by Reiser (1) to show that resynthesized and ex- 
changed fat ty acid esters constitute at the most 0.1% 
of the intraluminary fat. He has arrived at this 
figure in the following way. Since only 1.7 rag. of 
labelled acid was fed in 1,000 mg. of triglyceride, this 
at the most could be incorporated into 5.7 mg. of tri- 
glyceride (one molecule of fat ty acid per molecule 
of triglyceride). As the incorporation into the tri- 
glyceride fraction was stated to be about 20%, only 
1.1 mg., or 0.11%, of the total fat could have been 
derived from acids recombined in the gut lumen. 

H IS CALCULATIONS are based on the false assumption 
that it was only the small amounts of labelled 

acid present in the fed mixture that was exchange- 
able. On the contrary, the labelled free palmitic acid 

was rapidly diluted by acids liberated from the glyc- 
erides during digestion. The mean percentage of free 
fat ty acids in the lipides recovered from the lumen 
in the same experiment was 21.9%, and the average 
dilution of the labelled free acid calculated from 
specific activities was 450-fold. According to the basic 
assumption in metabolic isotope work, the enzymes 
catalyzing fatty-acid, exchange reactions in the gut 
lumen are incapable of distinguishing labelled acids 
in the fed mixture from the unlabelled acids released 
by hydrolysis from the glycerides. Thus our finding 
that the labelling of the triglyceride fatty acids was 
20% of the theoretical maximum limit indicated that 
20% of the ester bonds of the triglycerides were 
formed by exchange or resynthesis during digestion. 

Moreover the assumption made by Reiser that "a t  
higher proportions Of free acids the percentage in- 
corporation should be expected to be even less" also 
is mistaken. Result obtained in similar experiments 
in human subjects (6) showed that 21 to 52% of the 
maximal theoretical exchange had occurred after feed- 
ing fat containing about 6% labelled free acids. 

Thus it can be concluded that about one fat ty acid 
in each triglyceride molecule found in the intestinal 
lumen is enzymatically exchanged with fa t ty  acids 
liberated from other glycerides by the hydrolytic 
action of pancreatic lipase. The recognition of these 
intralumen interchanges prior to absorption is basic 
to proper interpretation of Reiser's own experiments. 
His hypothesis that monoglycerides are the main 
species of glyceride passing through the intestinal 
mucosa is founded upon reasoning which neglects 
these facts. 

BENGT BORGSTPd~M 
Department of Physiological Chemistry 
University of Lund 
Lurid, Sweden 
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Letter to the Editor 
January 14, 1957. 

I appreciate the opportunity of answering Borg- 
strSm's comments. He is certainly correct in his 
statement that enzymes do not distinguish between 
labelled and unlabelled fat ty acids, at least to a degree 
-significant in this type of study. However this fact is 
irrelevant to the argument. What Dr. BorgstrSm 
ignores is the dynamic and changing situation in the 
intestine. 

At the beginning of the digestive period very active, 
undiluted free fat ty acid is incorporated into the tri- 
glycerides. In the study cited the transfer of only 
0.34 mg. of the active, free fat ty acid into the inactive 
triglyceride at this stage would give BorgstrSm his 
20% incorporation ; yet only 0.034% rather than 20% 
of the total ester groups would have been exchanged. 

As digestion proceeds, the highly active, free fat ty 
acids become diluted with inactive fatty acids so that 
their incorporation will change the activity of the 

triglyceride at a rapidly decreasing rate. It thus 
follows that under these conditions the activity in the 
triglycerides is not a measure of the degree of ester 
exchange. Since this is BorgstrSm's assumption, his 
conclusions are correspondingly faulty as are criti- 
cisms of our work he bases on them. It is obvious that 
his experiments cannot measure the degree of ester 
exchange in the lumen. 

We are currently engaged in a study with a dif- 
ferent approach, which we hope will give a more un- 
equivocal answer to this problem. In the meantime 
it appears most unreasonable, if only from a con- 
sideration of the relative rates of hydrolysis, and re- 
synthesis of triglycerides by lipase in an aqueous 
medium and the rapid rate of absorption of the prod- 
ucts of fat digestion, that significant amounts of ester 
exchange can take place during digestion. 

RAYI~IOND ]~EI SER 

Department of Biochemistry and Nutrition 
A. & M. College of Texas 
College Station, Tex. 


