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A B S T R A C T  

Various oils, such as soy, cottonseed, corn, saf- 
flower, and lard may be protected from autoxidation 
by the addition, often in small amount,  of tempeh 
oil. Tempeh is obtained from cooked, dehulled 
soybeans by fermentation with the fungus Rhizopus 
oligosporus. The oil is extracted from dried tempeh 
with hexane/alcohol 2:1 and recovered by evapora- 
tion of the solvents. This crude oil was used in most 
of the experiments quoted. 

I N T R O D U C T I O N  

Tempeh, a fermented soybean preparation, has been 
used widely for centuries in the Far East, especially 
Indonesia. Whole soybeans are soaked in water and de- 
hulled; they then are boiled to soften the beans. The 
cooked beans are inoculated with a culture of the fungus 
Rhizopus oligosporus (or by a technique like that used in 
cheese manufacture with previously prepared tempeh) and 
spread out in layers 1-2 in. deep. In equatorial Indonesia 
the fungus grows rapidly at ambient temperature, and 
overnight the layers of soybeans are densely invaded with 
the fungus, and the surface covered with a white layer of 
fungus, giving an appearance similar to that of Camembert 
cheese. The tempeh is fried or incorporated in other cooked 
dishes. It may be dried and reconstituted for later use. In 
studies with dried tempeh, it has been found that it has 
remarkable antioxidant activity compared with the original 
soybeans (1). 

Fishing is one of the most important home industries in 
Indonesia. The fisherman (with family) starts fishing 
around 6 a.m. and returns home in the heat of the day 
around 11 a.m. The freshly caught, cleaned fish already is 
showing signs of beginning rancidity. This can be prevented 
if the cleaned, opened fish very soon after being caught is 
covered with dry tempeh powder. The fish remains fresh in 
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FIG. i. Peroxide value (PV) of cottonseed oil-tempeh oi l  

mixtures, 150 days, 27 C. o -o  = Cottonseed oil, o-o  = cottonseed 
oil  + 10% tempeh oil, o--o = cottonseed oil, and o-o = cottonseed 
oil  + 20% tempeh oil. 
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contrast with untreated controls (2). 
In studies carried out on rats kept on a vitamin E low 

diet, a greater resistance of red blood cells to in vitro 
dialuric acid-induced hemolysis was demonstrated in rats 
fed dried tempeh than in rats fed plain boiled, dried 
soybeans (1). Since dialuric acid hemolysis is due to lack of 
antixoidants, the positive results with tempeh indicate the 
presence of active antioxidants. 

A powerful antioxidant has been isolated from tempeh 
and recognized as 6,7,4'-trihydroxyisoflavone (3). In in 
vitro tests, this compound has been proven to be one of the 
most active antioxidants among the natural flavonoids. This 
trihydroxyisoflavone is water-soluble and active in aqueous 
milieu, but it will not exert its antioxidant effect when 
mixed with soybean powder or soybean oil. It is also 
inactive as an oral supplement, probably on account of its 
water solubility (4). 

This conclusion led to the study of oil components of 
tempeh, free from water soluble constituents. 

METHODS 

The procedure for the preparation and separation of the 
active factors in tempeh was as follows: powdered tempeh 
was extracted with 10 volumes of 2 parts of hexane and 1 
part alcohol. After removal of the solvent the oily residue, 
referred to hereafter as crude tempeh oil, was used for 
study of its antioxidant activity in various concentrations 
and at several temperatures (up to 60 C). The amount of oil 
recovered is essentially the same as that recovered from 
untreated soybeans. The samples were stored with exposure 
to air for periods of time up to several months. In some 
experiments, the sample was exposed in a thin layer in open 
scintillation vials. 

For measurement of autoxidation, the peroxide value 
(PV) of the samples was determined by the method of 
Wheeler (5). A 0.5 g sample of oil was weighed into a 300 
nfl glass-stoppered flask. Chloroform (10 ml) was added to 
dissolve the sample followed by 15 ml glacial acetic acid 
and 1 +- 0.1 g powdered potassium iodide (KI). The 
preparation was refluxed over the water bath and then 
boiled for 3 rain. The flask was cooled in ice water. 
Distilled water (75 mt) was added and the flask shaken. A 
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FIG. 2. Peroxide value (PV) of soybean oil-tempeh oil mixtures, 
35 and 43 days, 60 C. a-zx = PV after 43 days, and e - e  = PV after 
35 days. 
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FIG. 3. Peroxide value (PV) of cottonseed oil-tempeh oil 

mixture, 14 days, 60 C. m-m = cottonseed oil, o - o  = cottonseed oil 
+ 10% tempeh oil, o - o  = cottonseed oil + 20% tempeh oil, ~ - a  = 
cottonseed oil + 30% tempeh oil, A--A = cottonseed oil + 50% 
tempeh oil, and t~-a = tempeh oil. 

d rop  of  1% s tarch solut ion was added  and the prepara t ion  
t i t ra ted  wi th  N/ IO00 Na th iosul fa te  unti l  the iodine color 
disappeared.  PV is r epo r t ed  as mill iequivalents of iod ine /kg  
oil sample,  

RESULTS 
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Observat ions on the an t iox idan t  activity of  the crude 
t e m p e h  oil are shown in Figures 1-7. 

Figure t shows  the p ro tec t ion  given co t tonseed  oil by 
addi t ion  of  only  20% t e m p e h  oil af ter  storage at room 
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FIG. 4. Peroxide value (PV) of corn oil-tempeh oil mixture, 14 
days, 60 C. m - .  = corn oil, o - o  = corn oil + 10% tempeh oil, o - e  = 
corn oil + 20% tempeh oil, ~ - a  = corn oil + 30% tempeh oil, and 
u_n = corn oil + tempeh oil. 
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FIG. 5. Peroxide value (PV) of lard-tempeh oil mixtures, 14 

days, 60 C. =-m = lard, o - o  = lard + 10% tempeh oil, e - o  = lard + 
20% tempeh oil, a - a  = lard + 30% tempeh oil, A - ,  = lard + 50% 
tempeh oil, and u - o  = tempeh oil. 

t empera tu re  for 5 mon ths .  
Results obtained when oils were exposed  to a t empera -  

ture o f  60 C for 2 or  more  weeks may  be seen in Figures 
2-6, Definite re ta rda t ion  of  pe rox ida t ion  was observed wi th  
all five oils tes ted:  soybean,  co t tonseed ,  corn,  lard, and 
saff lower.  Only l imi ted  inh ib i t ion  was observed wi th  
saff lower  oil (Fig. 6) wi th  its high c o n t e n t  of  unsa tura ted  
fa t ty  acids. The mos t  p r o n o u n c e d  an t iox idan t  activity was 
found  wi th  lard, where  the lowest  level o f  t e m p e h  oil used 
gave comple te  p ro tec t ion .  

Samples of  soya oil wi thou t  and wi th  added  t e m p e h  oil 
were incuba ted  for  18 days at  37 C and were compared  
wi th  undi lu ted  Crisco Oil, which  is soya oil with commer -  
cial an t iox idan ts  (po lysorba te  80, polyglycerides,  bu ty la ted  
h y d r o x y t o l u e n e ,  bu ty l a t ed  hydroxyan i so le ,  and m e thy l  
silicone).  The an t iox idan ts  in the Crisco Oil a f forded  ca. the 
same degree of  p ro t ec t ion  as 25% o f  t e m p e h  oil in the 
t empeh- soy  mixtures  (Fig. 7). 
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FIG. 6. Peroxide value (PV) of safflower oil-tempeh oil mixtures, 
14 days, 60 C. = - .  = safflower oil, o - o  = safflower oil + 10% 
tempeh oil, o - o  = safflower oil + 20% tempeh oil, z~_A = safflower 
oil + 30% tempeh oil, A--A = safflower oil + 50% tempeh oil, and 
o -u  = tempeh oil. 



AUGUST, 1974 G Y O R G Y  E T  A L :  A N T I O X I D A N T  A C T I V I T Y  O F  T E M P E H  O I L  379 

DI SCUSSI ON 

The experimental results reported indicated that the 
tempeh oil, extracted from the fermented soybeans, even 
in low concentration, exerts an effective antioxidant effect 
upon almost all oils tested, even after exposure to air and at 
temperatures up to 60 C for many weeks. This mixture 
appears to be, at present, the best natural way of preserving 
various kinds of oil in fresh condition for long periods of 
time. 

Soy oil, which, under ordinary commercial conditions 
(in bottles without complete elimination of air), develops 
undesirable flavor within a few months, retains, for an 
almost indefinite period of time when mixed with a small 
amount of  tempeh oil, its normal physical, chemical, and 
gustatory qualities. This conclusion applies to other oils and 
fats, including lard. 

The active antioxidant principle in tempeh oil is fat-solu- 
Ne but different from vitamin E, the content of which does 
not increase after Rhizopus fermentation. The chemical 
character of the active principles in tempeh oil has not been 
established yet. 

R E F E R E N C E S  

1. Gy6rgy, P., in "Meeting Protein Needs of Infants and Chil- 
dren." National Research Council, National Academy of Sci- 
ence, Washington, D.C., 1962, pp. 281-289. 

2. Gy6rgy, P., U.S. Pat. 3,681,085. 
3. Gy6rgy, P., K. Murata, and H. Ikehata, Nature 203:870 (1964). 
4. Ikehata, H., M. Wakaizumi, and K. Murata, AgE Biol. Chem. 

6 0  

5 0 '  

> 4 0  a. 
¢ -  

,~ 3 0  

O 
CD 

" 2 0  
C 

I0 

0 
% Tempeh o i l - O  

% Soybean o i l - I O 0  

I | I I I 

2 0  4 0  6 0  8 0  I00  
8 0  6 0  4 0  2O 0 

FIG. 7. Peroxide value (PV) of soybean oil-tempeh oil mixtures 
as compared with soybean oil protected with commercial samples 
incubated for 18 days at 37 C 1 g in open scintillation vials. 
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