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B U T Y L A T E D  hydroxyanisole ( B H A )  has been 
shown to have very desirable propert ies  as an 
ant ioxidant  for  animal fats  and for  foods made 

with these fats  (1, 2, 4, 5, 6, 7, 9). I t  provides long 
shelf-life for  crackers, pastry,  and potato chips and, 
in combination with propyl  gallate and citric acid, 
imparts  stabil i ty to good lards comparable to that  
of the best hydrogenated vegetable oils. 

The c o m m e r c i a l l y  p repared  B H A  is pr imar i ly  
composed of the two isomers of B H A .  These are 
3 - te r tbu ty l -4 -hydroxyan iso le  and 2 - t e r t bu t y l -4 -hy -  
droxyanisole which will be refer red  to hereaf ter  as 
the 3-isomer and the 2-isomer, respectively. Since the 
3-isomer belongs to the class of " p a r t i a l l y  hindered 
phenols"  whereas the 2- isomer is an u n h i n d e r e d  
phenol, the question na tura l ly  arises as to whether 
there is a difference in their  effectiveness as an anti- 
oxidant. Rosenwald and Chenicek (8) repor ted that  
the 3-isomer is 3 to 5 times as effective as the 2-isomer 
when tested by  the Active Oxygen Method (AOM) 
in one sample of lard. They noted that  the 3-isomer 
was approximate ly  2.5 times as effective as the 2-iso- 
mer  in delaying rancidi ty  in crackers made with a 
single lard. 

We compared the effect of the two isomers on the 
AOM stabil i ty in 11 different lards and the effect on 
carry- through stabil i ty with crackers, pastry,  and po- 
tato chips on four  different lards. The maximum 
increase found in AOM stabil i ty with the 3-isomer 
was 1.64, and the average increase 1.5 times that  
obtained with the 2-isomer. In  carry- through stabil- 
i ty  the 3-isomer was only slightly more effective than 
the 2-isomer. 

AOM Studies of Antioxidant Effectiveness 
For  this s tudy highly purified samples of the two 

isomers were obtained (Table I ) .  The isomers were 
tested separately and in specially p repared  mixtures  
to provide known weight ratios of each isomer in 
each mixture.  The mixtures  of the isomers were pre- 
pared to provide 75/25, 50/50, and 25/75 per cent 
ratios. Due to the fact  that  ant ioxidant  effectiveness 
will va ry  with the initial stabil i ty of a lard, the iso- 
mers and mixtures  of isomers of B t I A  were tested 
at 0.01% in 11 different lards. The effectiveness of 
commercial B H A  was determined at  the same time in 
the same lards. The tests made were AOM stabil i ty 
of the lard  and Schaal oven stabil i ty of crackers, pas- 
try,  and potato chips, which were p repared  to illus- 

1Presented at  the S p r i n g  M e e t i n g  of the American  Oil Chemists '  Soci-  
ety,  May 1-3, 1951, at  New Orleans, La. 
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T A B L E  I 

Composi t ion  of I s o m e r s  and  M i x t u r e s  of 
I s o m e r s  of  B H A  a 

Per  Cent by Weigh t  

25~7r 3-isomer BFIA 
75% 2-isomer B H A  

3-isomer 2-isomer 

3-isomer BHA,  m.p. 60-61.2~ 99.5 0.5 

2-isomer BHA,  m.p. 50-51.5~ 1.0" 99.0 

75% 3-isomer B H A  72.1 ~27.8 
25% 2-isomer BI:IA 

50% 3-isomer B H A  50.7 49.3 
50c~ 2-isomer B H A  

oo 4 77.6 

a I n f r a r e d  analyses fu rn i shed  by the T e n n e s s e e  Eas tm an  Company. 

t ra te  the carry- through activity of the antioxidants.  
The A O M  stabilities impar ted  to lards obtained 

f rom four packinghouses widely dis tr ibuted in the 
Middle West are shown as lards 1 to 4 in Table I I .  
In  all cases the 3-isomer is the most effective anti- 
oxidant, and tile 2-isomer is the least effective. The 
mixtures of isomers fall between the pure  isomers and 
arc respectively more effective as an ant ioxidant  as 
the amount of the 3-isomer is increased in the mix- 
ture. The commercial B t t A  tested was equal to or 
superior in effectiveness to the mixture  containing 
50~  of each isomer when tested in each of the lards. 
These lards are those which were used for  the culi- 
na ry  studies to be discussed later. The AO~I stabil- 
i ty values for  the mixed isomers in six different lards 
and for the pure  isomers in the same lards and in one 
different lard are shown as lards 5 to 11 in Table I I .  
The same pa t t e rn  of effectiveness was found as for 
the four  lards used in the cul inary tests. 

The te rm inhibitor ratio ( I .R. )  has been used (8) 
to describe the effectiveness of an ant ioxidant  refer red  
to another  antioxidant  chosen as a s tandard.  The I .R.  

S~--  So 
nlay be defined : I R  - -  where Se refers to the 

Ss- -Se  
AOM stabil i ty of the control lard, Ss to the stabil i ty 
of the lard  t reated with the " s t a n d a r d "  antioxidant,  
and Sx the stabil i ty of the lard when treated with 
the ant ioxidant  being compared with the " s t a n d a r d . "  
Since the 3-isomer has been referred to as a " s t an d -  
a r d "  (8),  it will be used as a s tandard  for  purposes 
of this discussion. The IR  for  the 3-isomer will, of 
course, be 1.00 while all ant ioxidants  that  are less 
effective will have an I R  less than 1.00. The I R  for 
the 2-isomer of B I I A  is variable with the lard used 
as would be expected. The average I R  for the 2-isomer 
in the first four  lards is 0.65, which means that  the 
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TABLE I I  

A0M Stability of Lards  Treated with the Isomers of BI{A 

Antioxidant 

Control (no antioxidant) 

3-1somer BHA 

2-Isomer BI-IA 

75% 3-Isomer BHA 
25% 2-Isomer B E [ i  

50% 3-Isomer BIt2~ 
50% 2-Isomer B H A  

25% 3-Isomer BHA 
75% 2-Isomer BHA 

Commercial BI-]A 

i I 2 _] 
hrs. I hrs. I hrs. 
9.5 [ 12 ~ 7 . 5  

  /3o3 
26 I- 33 --I 21.5 

32 ] 42.3 --  29 

30.5 I 39.8 27 

29 3 7 ~  25.3 

3 0 . 5 ~  4 0 /  

AOM Stabilities of Various Lards  

2 _1 
hrs. 
0.8 

18 I 20 

11.5 14 

16.5 19 

15 17 

13.5 16 

28 15.3 

I 17 

24 

24 

21 

30.5 I [ 16.5 21.5 

aTotal antioxidant in ~ach l a rd - -0 .01%.  

h~s. 
6 

29 

22 

28 

26 

25.5 

hrs. hrs. 
8 10.8 

30 34 

22 27 

28 33 

26 32 

24 31 

24.5 32.5 

11 

hrs. hrs. 
10.8 8 

40 36.5 

30 26.5 

38.5 

37.5 

35.5 

36 

3-isomer is approximately 1.5 times as effective on the 
average as the 2-isomer. In the other seven lards it 
is 0.68, which makes the 3-isomer 1.47 times as effec- 
tive as the 2-isomer. The IR for the mixtures fall 
intermediate to" those for the purified isomers, with 
the Ii~ being greater with the greater quanti ty of the 
3-isomer in each mixture. 

The average increase in IR  from that  for  the 2-iso- 
mer to that  for  the mixture containing 75% 2-isomer 
and 25% 3-isomer is 0.13 while the average increase 
from the I1% for the mixture containing 25% 2-isomer 
and 75% 3-isomer to that  for  the 3-isomer alone is 
only 0.05. This difference in increased IR values in- 
dicates that  any mixture of the isomers is bet ter  than 
the 2-isomer used alone, and it also indicates that  use 
of the pure 3-isomer has little advantage over mix- 
tures of the isomers. Golumbic (3) has indicated that  
a mutual  synergistic effect may be obtained when two 
phenolic antioxidants with differing oxidation-reduc- 
tion potentials are used in a fat  system subjected to 
oxidation. The oxidation-reduction potentials of the 
isomers of BHA, while not known, would undoubt-  
edly be different. I t  may be that  a mutual  synergism 
between these isomers in a mixture may account for  
the greater  IR increase between the 2-isomer and the 
mixture containing it in 75% concentration than is 
found between the mixture containing 75% of the 
3-isomer and the 3-isomer alone. 

The amount of synergism afforded by each mixture 
of isomers may be calculated if one assumes that  the 
effect of varying the concentration of each isomer will 
have essentially a proport ional  effect on the stability 
imparted by  that  isomer whether used alone or in a 
mixture of the isomers. For  example, the 50/50 mix- 
ture of isomers in lard 2 may be calculated to impar t  
a stability of 21.75 hours due to the 3-isomer, and a 
stability of 16.5 hours due to the 2-isomer. The sum 
of these is 38.25 hours, whereas the measured stabil- 
i ty was 39.75 hours. The difference of 1.5 hours may 
then be due to synergism between the two antioxi- 
dants. Although the synergism measured in each in- 
stance is small, it follows the same pat tern  in each 
lard by  increasing as the amount of the 3-isomer is 
decreased in the mixture. 

The IR for the commercial B t IA  averaged 0.89 for 
the first four  lards, which means that  the 3-isomer is 
only about 1.1 times as effective by the A 0 M  as the 
commercial BHA. 

The 3-isomer is demonstrated to be more effective 
as an antioxidant than the 2-isomer when tested by 
the AOM. When mixtures of isomers are tested, an 
effect which may be due to a mutual synergism re- 
duces the advantage the 3-isomer would be expected 
to have over a given mixture and increases the ad- 
vantage a given mixture would be expected to have 
over the 2-isomer. 

Culinary Carry-Through Studies 

The lards used in the A 0 M  studies were prepared 
in sufficient quantities for  making crackers, pastry,  
and potato chips to evaluate the carry-through effec- 
tiveness of the isomers and the prepared mixtures. 
The pastry was a s tandard formula, and the crackers 
were prepared according to the method outlined by  
the Technical Inst i tute of the Independent  Biscuit 
Manufacturers  Company Inc., Chicago, Ill. The po- 
tato chips were prepared by f ry ing  five 100-gin. lots 
in 1,300 gin. of fa t  at 375~ The chips f rom the 
fourth and fifth fryings were combined and used for  
evaluation purposes. This evaluation does not give 
data which will assess the effectiveness in commercial 
f rying operation but  serves to compare the relative 
effectiveness of the antioxidants to prevent  rancidi ty  
in potato chips. All carry- through evaluations were 
performed by  organoleptic testing for rancidi ty on 
the products stored in small loosely capped screw-top 
jars at 145~ 

TABLE III 

Carry-Through Effectiveness in Lard  of the Isomers and 
Mixtures of Isomers of BHA 

Schaal Oven SLability --145~ 
Antioxidant b 

Control Lard 

Crackers a 

hrs. 
16] 

Pastry a 

hrs. 
135 

Potato 
Chips a 

hrs. 
98 

I 1003 3-isomer BIffA 777 1166 

75% 3-isoraer BI tA 
25% 2-isomer BI-IA 707 1157 924 

50% 2-isomer BHA 
50% 3-isomer BHA 670 1101 778 

25% 3-isomer BI{A 
75% 2-isomer BHA 697 1115 755 

2-isomer BHA 6"33 1107 759 

Commercial BHA 74"3 1071 795 

aAverage values from 4 lards. 
~Total antioxidant concentration in each test---0.Ol%. 
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The results of the carry- through studies in the first 
four  lards are shown in Table I I I .  Values shown are 
the average values f rom the four  lards. Note tha t  in 
all cases the average stabil i ty impar ted  by  the 3-iso- 
mer  is grea ter  than tha t  impar ted  by  the 2-isomer or 
any  of the mixtures  of isomers. The difference in sta- 
bi l i ty front the greatest  to the least value in pas t ry  
has no significance. In  crackers the difference is such 
as to have only slight significance, and only in potato 
chips is there any really significant increase in sta- 
bil i ty due to use of the pure  3-isomer of BHA.  Even 
in potato chips the stabil i ty impar ted  by  the pure  
3-isomer is not significantly greater  than that  im- 
par ted by  the mixture  containing 75% 3-isomer and 
25% 2-isomer. Use of commercial B H A  in the same 
lards shows that  it compares favorably  with the bet- 
ter  values obtained with the pure  isomers and mix- 
tures of isomers. 

Comparison of the Commercial BItA Products 
The commercial ly available BHAs  have been com- 

pared  in a number  of different lards. The compari-  
sons have been made between the antioxidants alone, 
in combination with citric acid, and in combination 
both with citric acid and propyl  gallate. The average 
AOM stabilities obtained in a number  of different 
lards are shown in Table IV. Note that  they are 

TABLE IV 

Comparison of Commercial B H A  :Preparations 

Antioxidant  
Avg. 
AOM 

Stabilities a 

0a r t y -Th rough  
Effect iveness--  

Schaal  Oven 
(145~ 

Craekers P a s t r y  

hrs. b rs, ]~rs. 
Control (no ant.ioxidant) 4.6 ( 9 ) 143 20 

0.01% B H A  No, 1 20 .4 (7 )  556 278 

0 .01% BJ:IA No. 2 20 .6(7)  475 257 

0,01% B H A  No. 1 
0 .002% Citric Acid 26.4 (4} 452 291 

0 .01% B H A  No. 2 
0 ,002% Citric Acid 26.25 (4)  38~ 266 

0 .01% B H A  No. 1 
0 .002% Citric Acid 57.8 (7) 
0 .003% Propyl  Gallate 

0 .01% B H A N o .  2 
0 .002% Citric Acid 59.0 ( 7 ) 
0 .003% Propyl  Gailate 

aNumber  in ( ) indicates number  ol~ lards.  
bAvg. values obtained in two l a d s ,  

essentially equivalent. This holds t rue both when the 
antioxidants  are tested alone in the lard  or in syner- 
gistic combination with propyI  gallate and citric acid. 
A statistical analysis of the data shows odds of 1.2 
to 1 in favor  of B H A  2 when the antioxidants  were 
used alone. Odds of 1.15 to 1 in favor  of B H A  1 when 
citric acid was used with the BHA,  and odds of 2.7 
to 1 in favor  of B H A  2 were found when the combina- 
tion mixture  included propyl  gallate and citric acid. 
Since the odds would have to be 19 to 1 to be sig- 
nificant, it is obvious that  no advantage accrues to 
either commercial prepara t ion  due to a difference in 
composition. 

Carry- through studies were conducted in two lards 
to compare the commercial BHAs.  Crackers and pas- 
t ry  were p repared  and tested as outlined above. While 
the results i l lustrated in Table I V  are somewhat more 
variable than those f rom the AOM studies, no advan- 

tage can be claimed for  either commercial B H A  in 
the carry- through studies. 

F rom AOM studies of the stabilities of lards t reated 
with the pure  isomers of BHA,  with the mixtures  of 
isomers of BHA,  and with the commercially available 
prepara t ions  of BHA,  it is apparen t  that  the 3-isomer 
is somewhat more effective than the 2-isomer, but  when 
the two isomers are used in admixture,  the advantage 
is reduced so that  no significant advantage can be as- 
cribed to the 3-isomer over mixtures  containing at 
least 5 0 ~  of this isomer. 

In  the cul inary studies of car ry- through the  dif- 
ference is even less clear-cut, and the 3-isomer can 
be said to have little advantage over the 2-isomer or 
any  of the mixtures  of the isomers. 

Summary 
1. The ant ioxidant  effectiveness of the purified iso- 

mers of B H A  and prepared  mixtures  of these isomers 
was studied in 11 lards. 

2. The 3-isomer is more effective in providing AOM 
stabil i ty than the 2-isomer, and the mixtures  of iso- 
mers fall  between the purified isomers in antioxi- 
dant  effectiveness. The mixtures  of isomers are more 
effective as the amount  of the 3-isomer is increased 
in the mixture.  The commercial B H A  is equivalent 
or superior  to the mixture containing 50% of each 
isomer. A mutual  synergistic effect between the iso- 
mers may account for  the fact  that  mixtures  of the 
isomers are more effective than would be expected 
f rom the effectiveness of the purified isomers when 
used alone. 

3. When four  lards were t reated with the isomers 
and mixtures of isomers of B H A  and used for  the 
prepara t ion  of crackers, pastry,  and potato chips, 
ca r ry - tb rough  was demonstrated in all cases. The 
3-isomer is generMly most effective mid the 2-isomer 
is the least effective i~ ant ioxidant  ca r ry- th rough .  
Litt le significant advantage lies with the 3-isomer 
over the 2-isomer and the mixtures of isomers in anti- 
oxidant carry- through.  The commercial B H A  com- 
pared favorably  with the isomers and mixtures  of 
isomers in antioxidant  car ry- through tests. 

4. The commercially p repared  BHAs  were com- 
pared  in a number  of different lards. No significant 
advantage could be ascribed to one over the other 
although the composition in terms of relative pro- 
portions of the isomers of B I I A  may be somewhat 
different. 
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