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Introduction
History
Tempe is a widely consumed Indonesian traditional fer-
mented food, which is principally made with soybeans, but
can also be made from a variety of legumes and seeds. In
Indonesia, soybeans are consumed mostly in the form of tra-
ditional foods, consisting of fermented and non-fermented
products. Commercially fermented soybeans include tempe,
soy sauce and soy paste. Historical evidence shows that soy-
bean tempe is a fermented product originally made by
Central Javanese people and appeared in their food pattern
around the 1700s.1,2 In addition, this finding is supported by
the presence of non-salted fermented soybeans in Asian
countries, for example, natto in Japan, dau chi in China and
kinema in Nepal and India, which are products fermented by
bacteria Bacillus sp.1 Tempe, however, is fermented by the
Rhizopus sp ( Fig. 1).

How is it made?
There are four steps in the tempe manufacturing process,
soaking, boiling, inoculating with microbia and incubating at
room temperature. Tempe in Indonesia is fermented with
Rhizopus sp. mould, especially Rhizopus oligosporus,
R. oryzae, R. arhizus, R. stolonifer and R. microsporus
(I Ganjar, unpubl. data, 1995). Traditional inoculum is pre-
pared in Hibiscus or teak leaf and inoculum powder is pre-
pared from cooked rice. Tempe producers in Indonesia do not
use the pure culture of R. oligosporus, but they use a mixed
culture of Rhizopus sp. There is no standard process for
tempe making, which is one of the reasons why there is a lot
of variation in tempe making from one region and one pro-
ducer to another.

Tempe in Indonesia
Apart from soybean-based tempe, there are many other kinds
of tempe in Indonesia and their name is derived from the raw
material in the tempe. They include sword beans, velvet
beans, pigeon peas, leucaena lecocephala and tofu waste
material (left over soy-pulp after tofu preparation).  As soy-
bean tempe is the most popular, the word tempe usually
refers to soybean-tempe. The local name of tempe can be
used for international and regional publications, as there are
no common English names available.3 Tempe is produced
mostly by small household industries with a production range
of 10 kg–4 metric tons of tempe per day.4 It is estimated that
there are more than 100 000 tempe producers spread out in
the provinces of Indonesia. Urban and rural populations,
especially in Java, generally consume tempe as a part of their
food pattern. As a source of protein, tempe is consumed in
greater quantities than other protein sources. Tempe supplies
at least 10% of the current protein consumption, while
chicken egg supplies 1.25%, meat supplies 3.15% and
cereals supply around 60%.4 Tempe is not consumed as a raw
food but in the form of cooked tempe and served as a deli-
cacy or a side dish, often fried, boiled, steamed or roasted.
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Tempe is categorised as a low social value food, which
means that tempe is only served at home as domestic food
and through stall food-vendors, although tempe is consumed
by people of various ages of different socioeconomic status.

Biochemical changes from soybean to tempe
Research in the tempe field has shown its potential health
benefit, possibly due to biochemical changes during soybean
fermentation. During tempe processing, there are valuable
changes not only in the increase of nutritional values of some
nutrients in soybeans, but also in the development of vita-
mins, phytochemicals and antioxidative constituents.

Protein
Although the protein content of tempe and unfermented soy-
beans is almost the same, the soluble protein content
increases sharply due to the action of protease enzyme pro-
duced by mould during fermentation. Furthermore, the qual-
ity of protein in tempe is slightly higher than in unfermented
soybean.5 The soluble nitrogen content in unfermented soy-
beans is 3.5 mg/g, compared to 8.7 mg/g in tempe. Addition-
ally, following 48 h of fermentation, most amino acids
decrease in the range of 3.62–27.9%. According to Murata et
al. total amino acids content decrease but the free amino
acids increase sharply, possibly due to strains of Rhizopus
using amino acids as a source of nitrogen for growth
(AJ Graham et al., unpubl. data, 1995).6

Lipid
The lipid content of tempe is lower than that of unfermented
soybeans. It has been shown that during soybean ferment-
ation the lipase enzyme hydrolyses triacylglycerol into free
fatty acids.  These fatty acids are used as a source of energy
for the mould resulting in lower lipid content in tempe. Dur-
ing soybean fermentation the lipid contents decrease about
26%. A study by Graham et al. shows that the mould of
R. oligosporus and R. stolonifer use linoleic acid, oleic acid,
palmitic acid as energy sources, therefore during ferment-
ation, palmitic acid, stearic acid, and linoleic acid rapidly
decrease 63.4, 59.25 and 55.78, respectively (AJ Graham
et al., unpubl. data, 1995).5

Minerals
Trace mineral (iron, calcium and cuprum) levels were not
influenced by the fermentation process; even so, their
solubility increased sharply. Most of the iron in soybean is
present as organic iron, which is bound to protein and other
organic compounds. Total soluble iron increases from
24.29% in unfermented soybean to 40.52% in tempe and dur-
ing fermentation soluble iron increases 66.51%.5 Protein is
broken down resulting in free amino acids, peptide or simple
proteins. As a result, the iron is liberated from the iron-
protein complex, thus increasing soluble iron. Astuti et al.
have shown that tempe is a good source of available iron.5

Calcium content decreases during the fermentation, but is not
clearly understood. Calcium is possibly released from the
bridge of phytate–protein during digestion of complex com-
pound and lost together with bound water, which may be
released during fermentation.

Vitamin B, B12 and tocopherol
The levels of vitamin B-complexes increase except for thi-
amine. Okada reported that vitamin B12 content of fresh
tempe bought from Indonesia was 4.6 µg/100 g, the range
from tempe prepared with R. oligosporus NRRL 2710 in
Japan was 0.03–0.06 µg/100 g8.  It seems that vitamin B12 is
mainly produced by bacteria other than mould. During the
soaking of soybeans, Klebsiella pneumonia is developed and
produces vitamin B12.8 Tocopherol composition changes
during fermentation. Except for α-tocopherol, the levels of
beta, gamma and delta tocopherol increases. Even though
β-tocopherol has only 40% of the biological activity of
α-tocopherol, an increase of 222.5% in beta tocopherol adds
value to the natural antioxidant activity of tempe.

Phytic acid
Phytic acid is reduced by about 65% as a result of the action
of phytase enzyme produced by R. oligosporus.9 Phytic acid
is known as an antinutrient factor which is able to bind di-
valent minerals, thus lowering the mineral bioavailability.
Therefore, the decrease in phytic acid has a beneficial effect
on mineral bioavailability.5

Oligosaccharide
The level of glucose increases sharply during tempe ferment-
ation, possibly a product of the digestion of complex to
simple carbohydrate. Starch, stacchyose, raffinose and
sucrose in soybean are all decreased during tempe
processing.10

Isoflavones
Isoflavones are oestrogenic compounds which have been
reported to have many health beneficial effects. György
et al., Zilliken and Murakami et al. reported that tempe con-
tains isoflavones.11–13 Hutchins et al. compared the urinary
isoflavonoid recovery between groups fed with fermented
soybeans in the form of tempe and unfermented soybean in
the form of tofu. A greater increase in urinary isoflavonoid
recovery in the fermented-soybean group suggests that fer-
mentation increases the availability of isoflavones in soy.14

Dalais (FS Dalais pers. comm., 1998), Wuryani, Wang and
Murphy, Dwyer et al. and Pillow et al., have measured the
isoflavone levels in tempe and found that the values are
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Figure 1. Map ‘Natto triangle’ describing only tempe from Central Java
using Rhizopus sp. for soybean fermentation. Jepang, Japan; Jawa, Java.



relatively high compared to other soybean products such as
tofu and soy beverages.15–18

Superoxide dismutase 
Superoxide dismutase (SOD) is a new enzyme, found in
1969. All biochemical living cell systems produce super-
oxide radicals, which cause a toxic effect to cells, thus every
normal cell will have a defence system to protect the cells
against the action of free radicals, such as superoxide
anions.19,20 The free radical scavenger, SOD, is present dur-
ing the fermentation process (M Astuti et al., unpubl. data,
1996). At the early state of fermentation, no SOD is present,
but after 24 h of fermentation it gradually increases until up
to 60 h of fermentation then starts to decrease, possibly due
to a decrease in mould growth which is influenced by
environmental conditions, such as pH. The presence of SOD
in tempe is concomitant with the mould growth.

Health aspects of tempe
Flatulence and diarrhoea
A decrease in oligosaccharide, especially raffinose and con-
tent during tempe processing eliminates the flatulence prob-
lems observed when consuming soybeans. Tempe is
essentially non-flatulent when it is fed to human subjects.20

Van Veen and Schaffer observed the health benefits of tempe
in preventing diarrheal problems in prisoners in Java. Indi-
viduals who did not consume tempe in their diet suffered
from diarrhoea due to the bad sanitation of the prison.21 A
relevant thesis paper studied the effect of tempe on E. coli
infection in a rabbit model. One group was given a diet con-
taining tempe, the other were fed on a diet without tempe.
After 4 weeks of feeding, both groups were infected with E.
coli and observed for 14 days. Diarrheal symptoms occurred
in 36% of the rabbits in the tempe group and 64% in the
group without tempe.22

Lipid-related health matters
Lipid-lowering effect
The effect of a tempe-rich diet on cholesterol levels was
reported by Mangkuwidjoyo et al. Tempe had a positive
effect on cholesterol level and histopathological changes in
liver and arteries of rats after a 4-month feeding trial.23

Tempe constituents inhibit the enzyme which is responsible
for biosynthesis of cholesterol and prevent the oxidation of
low-density lipoprotein (LDL) thus minimise the production
of plaque in arteries (M Astuti, unpubl. data, 1997).1 The role
of tempe on lipid profiles and lipid peroxidation has been
studied by Astuti, using three groups of anaemic rats fed with
casein, unfermented soybean and tempe as a source of pro-
tein and iron.5 Protein source affected the serum lipids.
Unfermented soybean and tempe groups tended to have
lower levels of total cholesterol and triacylglycerol. Tempe
feeding depressed lipid peroxides in the serum and liver,
which could be correlated with the action of natural anti-
oxidants in tempe. Isoflavonoids are able to form chelate
complexes with iron which are efficient in inhibiting ferrous-
iron induced lipid peroxidation (HC Jha et al., unpubl. data,
1990). The hypocholesterolaemic effect of tempe was inves-
tigated by Astuti et al. using hyperlipidaemic rats, fed with
tempe as a source of protein at varying concentrations (0, 25,
50, 75 and 100%) for 2 months. Lipid profile, lipid peroxide

and superoxide dismutase activity were evaluated in rats’
serum. Bile was then collected to evaluate a potential mech-
anism for cholesterol reduction. The result showed that
tempe feeding lowered the cholesterol level in the tempe
group, possibly due to the high content of cholesterol
released from the liver through the bile (M Astuti, unpubl.
data, 1997). According to Gorcia Hermosilla et al. free fatty
acids in tempe inhibited the action of hydroxymethyl glutaryl
CoA reductase, an enzyme which is responsible for choles-
terol synthesis in the liver.25 Hypocholesterolaemic proper-
ties of tempe in human subjects were studied by Astuti et al.
in a feeding-trial of instant tempe-formula on 24 (8 male, 16
female) volunteers. Each respondent drank the formula daily
for 3 months. The lipid profile, malondyaldehyde (MDA)
and uric acid levels were measured in serum of each respon-
dent as baseline before the feeding trial, every month during
the feeding and 2 months after the feeding trial. (Mal-
ondyaldehyde is one of the products from the decomposition
of fatty acid in lipid peroxidation. It is able to reach cell and
tissue, thus resulting in cell damage. It does not only damage
lipid molecules, but also non-lipid biomolecules, such as pro-
tein and nucleic acid. Damaged nucleic acid, especially in the
nucleus, may cause gene mutation, which is able to promote
cancer.) It showed that during the feeding trial, total choles-
terol decreased 8.6% and 10.25% in males and females,
respectively, but then increased in the same level of initial
stage for both male and female respondents after 2 months of
not consuming tempe formula. The LDL cholesterol levels
decreased 12% in male and 9.67% in female respondents and
then increased 9% in males and 15.5% in females after
2 months of not consuming the tempe formula. Lipid perox-
idation which is expressed as MDA decreased 23% for both
male and female respondents and then increased 13% in
males and 15% in females after 2 months of not consuming
the tempe formula. Uric acid level did not differ from base-
line in the male group, but decreased about 14% in the female
group, then increased in the same level of initial stage after
2 months of not consuming the tempe formula. Even though
this was an uncontrolled study, these results are encouraging.
The effect of tempe on SOD modulation was studied by
Astuti, by using 45 copper-deficient male Wistar rats which
were divided into five groups of nine rats and were fed with
diets of different tempe concentrations (0, 25, 50, 75 and
100%, respectively) for 45 days. Copper is known as an
important trace mineral acting as a cofactor of SOD. The
activity of SOD and lipid peroxidation were evaluated from
the serum. The highest inhibition of SOD against lipid per-
oxidation and the lowest level of MDA were found in rats on
the 100% tempe diet as a source of protein and copper.28

Copper as a component of SOD plays a dual role in SOD
activity, as a cofactor as well as regulator.29,30

Menopausal symptoms
There are studies reporting a lower incidence of menopausal
symptoms in Asian populations consuming high levels of
soy, such as Japan, China, Korea and Indonesia. These
oestrogenic compounds may play an important role in the
prevention of menopausal symptoms.31,32 Trials to date have
not been properly designed to determine whether these com-
pounds act similarly to oestrogen in alleviating menopausal
symptoms. There is no epidemiological data specifically on

M Astuti, A Melial, FS Dalais and ML Wahlqvist324



Tempe, a nutritious and healthy food 325

menopausal disorders in populations with a very high intake
of tempe.

Possible role of tempe in cancer prevention
Recently, attention has also focused on the potential role of
soybean products in reducing cancer risk. Asian countries
have among the lowest rates of common cancers in Western
society such as breast, prostate and colon cancer.33 The pro-
tective effect of a diet high in soy may partly explain it. An
epidemiological study on colorectal cancer in Japan found
that frequent consumption of soybeans and tofu markedly
decreased both rectal and colon cancer risk.34 Kiriakidis et al.
demonstrated that tempe, especially its glucolipids, inhibits
the proliferation of tumour cell in mice.35 Indonesians are
known as the largest soybean-consumers, especially in the
form of tempe and tofu, in the South-East Asian countries.
However, epidemiological studies relating to tempe con-
sumption and the prevalence of cancer, particularly in
Indonesia, have not yet been conducted.36

Conclusion
Diet as a part of lifestyle plays an important role in main-
taining nutrition and health. Tempe is considered as a good
source of protein, vitamin B12, antioxidants, phytochemical
and other bioactive substances. Numerous studies to date
strongly indicate that soybean-based tempe offers positive
nutritional and health benefits. However, the recommenda-
tion of tempe consumption should be based on and supported
by scientific experiments which show that tempe has indeed
specific beneficial effects in human health. Continued multi-
disciplinary scientific research will provide a better under-
standing and further knowledge on the identification of the
beneficial components and mechanisms of action, function,
nutritional and health aspects of tempe. Furthermore, contri-
bution from nutrition and the food-science community from
all over the world to develop tempe from a variety of
legumes as a raw material that are nutritious, tasty, accept-
able and affordable will help us meet the challenge of health
for all towards the 21st century.
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