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acid content. The proportion of saturated acids re- 
mains practically the same. The American sample 
(11) contains the maximum amount of linoleic acid, 
which is 10% higher than the present sample. The 
contents of oleic and saturated acids are lower in 
proportion. Besides the differences expected because 
of the methods of investigation followed, these results 
suggest the tendency of the composition of Citrul- 
lus ]rulgaris seed fat to vary with environmental  
conditions. 

The seed fat composition of Benincasa Cerifera has 
been reported from India by Phaduis et al. (12), who 
did not use spectrophotometric technique. The dif- 
ference between the two results is not wide. The 
variation is confined to slightly higher content of 
linoleic acid (ca. 6%) and lower contents of satu- 
rated acid (ca. 3%) and oleic acid (ca. 2%), which 
in this case was probably due to adoption of older 
techniques. 

I t  is evident from the results obtained that the 
component acids of these four allied members of the 
Cucurbltaceae family are of a more or less simple 
nature and do not contain triene acids like tricho- 
sanic or elaeostearic acid, which are found in some 
other members of this family. 

The tendency toward variation in composition ac- 
cording to environmental conditions is also apparent. 
I t  should be found possible therefore to obtain lin- 

oleic-rich oils from the members, Benincasa Cerifera, 
Lagenaria VuIgaris, and Citrullus Vulgaris, by pro- 
viding proper environments�9 All the seeds are rich 
in fat content, and, if available in commercial quan- 
tities, the oils would be quite suitable for edible and 
soap-making purposes�9 The composition of the seed 
fat of C~tcurbita Maxima, as reported here, approaches 
that of Indian sesame oil and so this can be utilized 
as a substitute to fulfill certain purposes. 
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A Comparison of Commercially Used Phenolic Antioxidants in 
Edible Animal Fats 
W. M�9 GEARHART and B. N. STUCKEY, Eastman Chemical Products Inc., 
Kingsport, Tennessee 

B 
UTYLAT]~D hydroxyanisole (BHA) and propyl gal- 
late, alone and in various combinations, are the 
most widely used food antioxidants today. An- 

other phenolic antioxidant, butylated hydroxytoluene 
(BHT), was recently approved for food use by the 
Food and Drug Administration. BHT was first pat- 
ented by Stevens and Gruse (6) in 1940 as a petro- 
leum oil antioxidant and has since been used widely 
in the gasoline field. Seubert and Andrews (5) have 
shown that under accelerated conditions BHT at .01% 
concentration increased the stability of paraffin wax 
and polyethylene-paraffin wax mixtures tenfold. 

Pollster and Mead (4) report that when linoleic 
acid is exposed to ionizing radiation, a chain reaction 
similar to oxidation is introduced. They found how- 
ever that when BHT was added in concentrations of 
.0003% and higher, oxidation was reduced to prac- 
tically zero. Kraybill and Dugan (3) in reporting on 
new antioxidants stated that BHT was effective as an 
antioxidant for animal fats. They stated that, when 
used in lard, BHT was slightly more effective than 
BHA in increasing AOM stability but not as effective 
as BHA in carry-through stability as judged by the 
Schaal Oven Method. They also reported marked syn- 
ergism between Bt tT  and BHA in lard. 

A purified form of BHT has recently been ap- 
proved for food use by the Food and Drug Admin- 
istration. Tappel (7) gives a very good comparison 

of the properties and general characteristics of BHA, 
propyl gallate, and nordihydroguaiaretic acid. Moore 
and Bickford (1) give an excellent study on the 
evaluation of I3 different antioxidants on the AOM 
stability of lard, cottonseed oil, and cottonseed shorten- 
ing. They did not however include the carry-through 
stability effect of the different antioxidants or the 
effect of various combinations of these antioxidants. 
It was felt therefore that a basic study of BHA, 
BHT, and propyl gallate was needed so that a more 
intelligent approach could be made in utilizing the 
best characteristics of each of these three food anti- 
oxidants in preparing commercial formulations. This 
study should include a comparison of their physical 
characteristics, their effect on AOM stability in lard, 
and the effect of their carry-through stability in lard, 
as judged by the Schaal Oven Method. It should in- 
clude the basic antioxidants as well as synergistic 
mixtures of the basic antioxidants with each other 
and with citric acid. 

Physical Properties 
Figure 1 shows a comparison of the structure and the 
physical properties of BHA, BHT, and propyl gal. 
late. We have shown the structural formula for only 
the three isomer of BHA. All the tests reported here- 
with for BHA were made, using BHA which con- 
tained 95% or more of the three-isomeric form. Sev- 
eral investigators have reported that the three isomer 
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Fro .  1. A c o m p a r i s o n  Of t he  s t r u c t u r e  o f  p h y s i c a l  p r o p e r t i e s  of  some  p h e n o l i c  a n t i o x i d a n t s .  

is more potent as an antioxidant than the two isomer. 
Our experience has been that under carefully con- 
trolled laboratory conditions the three isomer is a 
better antioxidant for lard than the two isomer. The 
difference is so slight however that under practical 
commercial conditions a ratio containing at least 60% 
of the three isomer is equal in antioxidant value to 
pure three-isomer BHA. From the structural formula 
it may be seen that BHA and BHT are very similar 
and should have similar properties. Propyl gallate 
however is quite different and has different chemical 
properties, as would be expected. 

Another interesting fact which is shown here is 
the difference in odor. BHA in the pure form has 
a rather strong phenolic odor. BHT and propyl gal- 
late however have practically no odor even in the 
concent ra ted  state. We have found however that 
none of these antioxidants affect either odor or flavor 
when used in concentrations necessary for stabiliza- 
tion of fats and oil. 

The chief difference in solubility among these anti- 
oxidants is the fact that BHA and BHT are highly 
oil-soluble and completely water- insoluble  whereas 
propyl gallate is very slightly soluble in water and 
only slightly soluble in animal and vegetable oils. I t  
may also be pointed out that BHA and propyl gal- 
late are quite soluble in propylene glycol while B t tT  
is completely insoluble in this food-approved solvent. 

BHA is slightly more oil-soluble than BHT in both 
animal and vegetable fats. The solubility of both 
these antioxidants is so high in most fats and oils 
however that for all practical purposes they can be 
considered equal. 

E x p e r i m e n t a l  

The lard used in these laboratory tests was a top 
quality commercial lard purchased from Kingan and 
Company. Dete rmina t ions  of stability were made, 
using standard techniques and equipment for both 
the Active Oxygen Method and Schaal Oven Method. 
All preparation and' cooking of potato chips, pastry, 
and crackers followed a standard procedure which 
has been worked out by the Foods Laboratories at 
Kingsport. This procedure is basically the prepara- 
tion of potato chips, test crackers, and test pastry, 
using standard times, temperatures, and formulas. 

The test foods are then stored in a 145~ oven called 
a Schaal Oven. I t  is not within the scope of this 
paper to go into the details of this testing method. A 
panel of three experienced technicians carried out all 
tests for the organoleptic evaluations in the Schaal 
Oven Method for determining rancidity. 

I t  should be pointed out that, in the following 
experiments, antioxidant concentra t ions  were used 
which greatly exceed those allowed in lard by the 
Meat Inspection Branch. It  was necessary however 
to use these high concentrations in order to show 
effectively the over-all behavior of the various antL 
oxidants when used to stabilize lard. 

Experiment I. Samples of lard (800 g.) were sta- 
bilized with BHA, BHT, and propyl gallate under 
carefully controlled conditions. It  has been our ex- 
perience that much of the poor results obtained with 
antioxidants is due to incomplete solubility of the 
antioxidant in the fat, and special care must be taken 
in the laboratory to stabilize all samples in exactly 
the same way. These samples were stabilized so that 
the finished samples of lard would contain .005, .01, 
.02, .03, .04, .05, .075, and 0.10% antioxidant. The  
stability of each sample was determined by the Ac- 
tive Oxygen Method (2). Potato chips, test pastry, 
and test crackers were prepared, using the various 
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samples of  la rd  and placed in a Schaal oven at  145~ 
Each sample was tested daily organoleptical ty for  evi- 
dence of rancidity.  

F igure  2 shows the effect of vary ing  the concentra- 
tion of BHA,  B H T ,  and propyl  gallate on the AOM 
stabili ty of lard. In  this g raph  the hours  for  each 
sample to reach a peroxide value of 20 milliequiva- 
lents a r e  plot ted against  the total  ant ioxidant  con- 
centration. I t  m a y  be seen f rom this g raph  tha t  B H A  
reaches its peak value at approximate ly  .01%. B H T  
however has an initial  ant ioxidant  value below that  
of B H A  but  increases in ant ioxidant  value almost 
direct ly propor t ional  to its concentration. P ropy l  gal- 
late reaches its peak value at  approximate ly  .02% 
and decreases in value thereafter .  I t  may  also be 
seen tha t  p ropyl  gallate is an excellent ant ioxidant  
f rom an AOM standpoint  at  ve ry  low concentrations. 

F igure  4, showing the effect of the ant ioxidant  
concentration on past ry ,  again plots days to reach 
rancidi ty  at 145~ against  ant ioxidant  concentra- 
tion. I t  may  be seen that  at low concentrations B H A  
has much bet ter  car ry- through than  either of the 
other a n t i o x i d a n t s  but  reaches its peak at about 
.01%. BHT,  while having lower initial  ant ioxidant  
value, surpasses B H A  at approximate ly  .02% and 
reaches its peak at  approximate ly  .04%. P ropy l  gal- 
late shows very  litt le car ry- through in pas t ry  re- 
gardless of concentration. 

FIG. 3. The effect of basic antioxidant concentration on the 
Schaal oven stability of potato chips. 

F igure  3 shows the car ry- through effect of vari-  
ous concentrations of BHA,  B H T ,  and propyl  gallate 
when potato chips are used as the test material ,  t n  
this figure days  to reach rancid i ty  at  145~ are 
plotted against  total  ant ioxidant  concentration. I t  
may  be seen tha t  in potato chips B H A  has the best 
c a r ry - th rough  properties.  I t  reaches its max imum 
ant ioxidant  value at  about .04%. B H T  and propyl  
gallate are quite similar in effect and reach their  
max imum efficiency at about  .06%. 

]PIG. 4. The effect of basic antioxidant concentration on the 
Schaal oven stability of pastry. 

FIG. 5. The effect of basic antioxidant concentration on the 
Schaal oven stability of crackers. 

F igure  5 plots the days at 145~ for crackers to 
reach rancidi ty  against  the total  ant ioxidant  concen- 
tration. B H A  and B H T  are pract ical ly  equal in con- 
centrations up  to .03%. At  this point  however B H T  
continues to increase stabil i ty while B H A  produces 
no fu r the r  increase in stabilizing effect. P ropyl  gal- 
late again shows poor ca r ry - th rough  propert ies  in 
crackers. 

Experiment II. The fa t  and oil indust ry  for  a 
number  of years has successfully used a synergistic 
mixture  of a n t i o x i d a n t s  containing BHA,  propyl  
gallate, and citric acid. The citric acid has been 
incorporated as a metal  scavenger to prevent  the for- 
mation of dark-colored metallic gallates. I t  also has 
some ant ioxidant  effect, probably  due to its chelat- 
ing action on metallic catalyst  in the fa t  itself. I n  
order to determine the synergistic action of B H A  
with propy!  gallate, B H T  with propyl  gallate, and 
B H A  with BHT,  samples of the Kingan  lard were 
stabilized with the following mixtures:  

1. 20% BtIA, 6% propyl gallate, 4% citric acid, and 70% 
propylene glycol. 

2. 20% BHT, 6% propyl gallate, 4% citric acid, and 70% 
monoglycerides. 

3. 20% BHA, 20% BHT, and 60% cottonseed oil. 

La rd  was stabilized with va ry ing  percentages of the 
above mixtures  so tha t  the final ant ioxidant  concen- 
t ra t ion  would be .005, .01, .02, .03, .04, and .05% of 
the total  ant ioxidant ,  exclusive of the citric acid. Ad- 
dit ional lots of the same lard were also stabilized with 
.075 and .10% of the B H A - B H T  combination to see 
if the high concentrat ion of B H T  would cause the sta- 
bil i ty curve to continue its rise. The AOM and Schaal 
oven stabilities of each lot were determined as de- 
scr ibed in Exper imen t  I :  
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ing charts is that mixtures containing propyl gallate 
reach a peak concentration and the stability drops 
sharply thereafter. 

:FIG. 6. The effect of synergistic antioxidant  combinations on 
the AOM stability of lard. 

Figure 6 shows the effect of varying concentrations 
of the above synergistic mixtures on the AOM stabil- 
ity of lard. As would be expected from Experiment 
I, mixtures containing propyl gallate produce a very 
high AOM stability. BHA and propyl gallate syner- 
gize to produce higher AOM stability than either of 
the other two mixtures. BHT apparently does liot 
synergize with propyl gallate to any great extent. 
BHT and BHA apparently synergize to-a very slight 
degree. When compared with BHA or BHT alone, as 
shown in Figure 2, the combination produces slightly 
higher AOM stability in lard at concentrations of 
.05% and below than equal concentrations of either 
antioxidant alone. At concentrations above .05% 
BHT alone is apparently as effective as the combina- 
tion of BHA and BHT. 

]~Io. 8. The effect of synergistic ant ioxidant  combinations on 
the Schaal oven stabili ty of pastry.  

Figure 8 denotes the effect of the above synergis- 
tic mixtures on the Schaal oven stability of pastry. 
In pastry the BHA-BHT mixture shows synergism 
producing stabilities in excess of either the BttA- 
propyl gallate or the BHT-propyl gallate mixtures. 
The BHA-propyl gallate mixture again produces bet- 
ter stability at lower concentration than the BHT- 
propyl gallate mixture but only equal stability at 
concentrations of approximately .035% and above. 
The BHA-BHT mixture also shows a peak efficiency 
at about .03% and falls off thereafter. 

FIG. 7. The effect of synergistic antioxidant  combinations on 
the Schaal oven stabili ty of potato chips. 

The data shown in Figure 7 indicate that in potato 
chips the BHA-propyl gatlate mixture at concentra- 
tions of .03% and lower has better carry-through 
properties than either the BHT-propyl gallate or 
BHT-BHA mixture. The BHT-BHA mixture con- 
tinues to increase the stability of the potato chips 
with an increase in concentration however and sur- 
passes the other two at approximately .05%. One 
interesting point in this chart as well as the follow- 

:FIG, 9. The effect of synergistic ant ioxidant  combinations on 
the Schaal oven stabil i ty of crackers. 

The data on the effect of the synergistic mixtures. 
on the Sehaal oven stability of crackers, as may be 
seen in Figure 9, again show that the BHA-BHT 
mixture has the best carry-through properties. The 
BHA-propyl gallate mixture is equal to it at lower 
concentrations but falls off at higher concentrations. 
The BHT-propyl gallate mixture ranks a poor third 
at  all concentrations. 

Discussion 
In general, these data show that from the stand- 

point of AOM stability propyl gallate, either alone 
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or in combination with B H A  or BHT,  produces the 
highest stability in lard. When used alone, it reaches 
its nlaxinmm efficiency at about .02% and decreases 
thereafter .  B H T  produces fai r ly  high AOM values 
at high concentrations but  would not be comparable 
to propyl  gallate at food-approved concentrations of 
.01% and less. B H A  at low concentrations is about 
equal to B H T  but reaches its peak effectiveness at 
about .010%. Higher  B H A  concentrations apparent ly  
have little effect on the AOM stability of lard. The 
combination of B H A  and propyl  gallate produces 
higher AOM's than the combination of BHT-propy l  
gallate. This indicates that  there is synergism be- 
tween the B H A  and propyl  gallate at all concentra- 
tions tr ied but little or no synergism between B H T  
and propyl  gallate. The combination of BHA  and 
B H T  shows a slight synergism from the AOM stand- 
point, but  more work should be done before definite 
conclusions are made. 

B H A  alone produces the best carry-through sta- 
bility at food approved concentrations. BHT,  while 
not as good at lower concentrations, produces higher 
stability at concentrations above .02%. Propyl  gal- 
late is approximately equal to B H T  in carry-through 
as tested in po ta to  chips  but apparent ly  will not 
stand the high baking temperatures  of either pastry 
or crackers. The efficiency of the synergistic mix- 
tures containing propyl  gatlate is good in the case of 
potato chips, but  when higher temperatures  are used, 
as in the case of crackers and pastry, the B H A - B H T  
conlbination is better than either of the other two. I t  
is believed that the marked difference in the carry- 
through effect of the various antioxidants in pastry as 
compared to crackers is due to the higher  fa t  content 
used in pastry. These data as well as other work at 

this laboratory have shown that  carry-through data 
in pastry is usually more concise and clear-cut than 
the same data in crackers. 

These data indicate that combinations of BHA and 
propyl  gallate produce the best stability in lard if 
used at limits authorized by the Meat Inspection 
Branch. I f  only AOM stabili ty is considered, propyl  
gallate alone is the best antioxidant.  I f  carry-through 
stability alone, especially at higher temperatures,  is 
the chief qualification, then the best antioxidant  is a 
combination of B H A  plus BHT.  

Summary 
Butyla ted  hydroxyanisole, butylated hydroxytolu- 

ene, and propyl  gallate were compared for antioxidaut 
efficiency alone and in combination with each other 
in lard. A comparison of the physical properties of 
these three antioxidants was also made. 

BH A  was found to synergize with propyl  gallate to 
produce the best all-around antioxidant. The mixture 
of B H A  and B H T  produced the best carry-through 
stability in lard, par t icular ly  when higher tempera- 
tures were used. Propyl  gallate alone produces the 
best AOM stability in lard. 
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Investigations on the Bitter and Beany Components of Soybeans I 
H. M. TEETER, L. E. GAST, E. W. BELL, W. J. SCHNEIDER, and J. C. COWAN, Northern 
Utilization Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture, Peoria, Illinois 

S OYBEAN FLOUR contains substances that  impart  
undesirable bit ter and beany flavors and odors to 
soybean food products. Although many minor 

constituents of the soybean have been identified, none 
has been shown to be responsible for  these bitter and 
beany flavors and odors. In  fact, no investigations 
directed toward this specific purpose appear  to have 
been carried out. 

Horvath  (4), refer r ing to work by Schmalfuss and 
Treu (10), made the statement that  methyl  n-nonyl 
ketone is responsible for  the beany flavor. This sub- 
stance was however isolated f rom a sample of soybean 
oil ra ther  than from the flour. No experimental  evi- 
dence is presented to show that  this ketone contrib- 
utes to the flavor or odor of soybean flour. 

A large number  of patents covering processes for  
" d e b i t t e r i n g "  soybeans are in existence. These proc- 
esses arc empirical, and there appears to be no avail- 
able evidence that  they are based on knowledge of the 

1 Presented at  the Paul  Bunya.n meeting of the American Oil Chem- 
ists' Society, ~,Iinneapolis, Minn., October 11-13, 1954. 

chemical nature  of the beany or bitter principles. I t  
is believed that  if this knowledge were at hand, it 
would be possible to devise more satisfactory debitter- 
ing processes and thus to obtain edible soybean prod- 
ucts having no objectionable flavor. This :paper is a 
report  on the progress made in stlldying this complex 
problem. 

In any  s tudy of the minor constituents of a natural  
entity, such as the soybean, one of the nlore perplex- 
ing problems is that  of obtaining an extract  or con- 
centrate of the minor constituents that  will be suit- 
able for  detailed organic chemical investigation and 
analysis. Beekel (2) had observed that  when ethanol 
was used to extract  oil fronl soybeans, the resulting 
flour contained less bitter and beany flavor than did 
flours prepared by other means. I t  therefore appeared 
that if the oil were extracted from the beans with 
hexane, in which the odor and flavor substances were 
not very  soluble, and if the flakes were then extracted 
fur ther  with ethanol, the resulting alcoholic solution 
should contain many of the minor constituents that 
are responsible for flavor and odor. 


