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1. Introduction and background

Tempe is a traditional Indonesian fermented food in which fungi, particularly Rhizopus spp., play an
essential role. Whereas the spelling ‘tempeh’ is also used, we prefer to use the authentic Indonesian
spelling ‘tempe’. Yellow-seeded soya beans are the common and most popular raw material; the
resulting ‘tempe kedele’ is usually referred to as ‘tempe’. Most cultivars of yellow-seeded soya beans
are suitable for tempe, in contrast to black-seeded ones (Sharma & Sarbhoy 1984). In this paper the
term ‘tempe’ will be used to indicate soya bean tempe. Table 1 lists several examples of tempe types
known, and their raw materials.
Generally speaking, fresh tempe of good quality is a compact and sliceable mass of cooked particles of raw material covered, penetrated and held together by dense non-sporulated mycelium of
Rhizopus spp. The major desirable aspects of tempe are its attractive flavour and texture, certain
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Table 1. Substrates used for temm
_

Raw materials

hm=

Soya beans (yellow cultivars)
(Glycine max)
Black gram
(Phaseolus mungo)
Broad bean, bakla, horse bean,
field bean (Viciajaba)
Chick pea
(Cicer arietinum)
Common bean, red kidney bean
(Phaseolus uulgaris)
Cow pea
(Vigna unguiculata)
Horse (wild) tamarind
(Leucaena leucocephala)
Jack bean
(Canaualia ensiformis)
Lablab bean
(Lablab purpureus)
Lima bean
(Phaseolus lunatus)
Mungbean or green gram
(Vigna radiata)
Pigeon pea or red gram
(Cajanus cajan)
Sesban bean
(Sesbania grandipora)
Sweet lupine
(Lupinus albus)
Velvet bean
(Mucuna pruriens)
Winged bean
(Psophocarpus tetragonolobus)
Yellow pea
(Pisum satiuum)

_

~

Indonesian name of tempe

~

Reference

Tempe kedele (kedelai)

T. lamtoro
T. koro pedang

T. koro

T. gude

T. benguk
T. kecipir

2, 7
7

Cereals
Barley
(Hordeum uulgare)
Wheat
(Triticum uulgare)
P ~ O C ~by-products
SS
Soya bean residue from soyamilk preparation
Coconut residue from local
coconut-oil pressing
(Cocos nucijiera)
Groundnut presscake
(Arachis hypogaea)
Cassava fibres, soya bean
hulls and soya beans

~

7
7

T. gembus
T. bongkrek (kelapa)
T. enthoe
T. tjenggereng
T. bungkil kacang
T. menjes

References: 1, KO & Hesseltine (1979); 2, Winarno & Reddy (1986); 3, Shurtleff & Aoyagi (1979); 4, Gandjar (1981); 5, David & Verma (1981); 6, Gomez &
Kothary (1979); 7, Winarno (1985); 8, Jha & Verma (1980); 9, Nout
(unpublished).
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Fig. 1. Tempe as sold at a Javanese market.

nutritional properties, and the 50% reduced cooking time compared with whole soya beans (Shurtleff
& Aoyagi 1979). Fresh t e m p has a clean, mushroomy or nutty odour. Objective quality parameters
(Nout et al. 1985) of fresh tempe include: consistency corresponding to a force of 1.5-2 N required to
break a cylindrical sample of 50 mm length and 15 mm diameter suspended at its extremities; surface
colour within the ranges: L = 78-83, &a = 12-14 (Hunter LAB); and pH 6.0-6.6.
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Tempe is not cmsumed raw, but heated first to develop meat-like flavours, e.g. by frying spiced
and salted slices in oil (tempe ‘kripik’ or ‘goreng’ = crispy tempe), by boiling with coconut milk in
soups, by stewing (tempe ‘bistik’ = steak), by roasting spiced kebabs (‘sate tempe’), and in peppered
ground pastes (‘sambel’) (Shurtleff & Aoyagi 1979; Soewito 1985). Tempe has also been tested for use
as a meat extender (Kuo et al. 1989) and in the production of mixed potato/tempe snackfoods
(Grzeskowiak & Berghofer 1989).
Because of microbial enzymatic activities, fresh tempe has a limited shelf-life. Irrespective of storage
temperature (3”C, IO’C, or 21°C) fresh tempe eventually turns brown, the beans become visible due
to senescence of the fungal mycelium, the material softens and ammoniacal odours emerge (Nout et
al. 1985). In Indonesia, such tempe is referred to as ‘tempe bosok’ (= ripe tempe). Although tempe
bosok is unacceptable for frying or stewing purposes, it is used in the Indonesian kitchen to produce
strongly flavoured cookies (‘mendol’), which require an habituated palate to be appreciated.
With its high protein content (40-50% of dry matter) tempe serves as a tasty protein complement
to starchy staples, and can substitute for meat or fish. In 1986, the annual production of tempe in
Indonesia was estimated as between 154000 (Steinkraus 1985a) and 500000 tonnes (Winarno &
Reddy 1986), mainly by small-scale industries (the largest Indonesian factory produces 800 kg tempe/
day (Steinkraus 1985a)). Tempe consumption is highest on the island of Java. In 1981, consumption
ranged from 19-34 g/day/person (Karyadi 1985). Figure 1 shows tempe as sold at a Javanese market.
Outside Indonesia, tempe is becoming increasingly popular as a nutritious non-meat protein food,
e.g. in the USA, The Netherlands and Japan (Soewito 1985). It is expected to have market potential
in Europe (Wood 1981), continental Asia (Vaidehi et al. 1985) and Africa (Djurtoft 1985). The largestscale tempe factories are found in Japan (6.6 tonnes/week), The Netherlands (4 tonnes/week) and the
USA (3 tonnes/week) (Hesseltine 1989).
Early Dutch descriptions of tempe making date from 1895 (Winardo & Reddy 1986). During the
1960s, the visiting scientists Yap Bwee Hwa and KO Swan Djien stimulated the interest of Steinkraus
et al. (1960, 1965), Hesseltine et al. (1963), Martinelli & Hesseltine (1964), Smith et al. (1964) and
Wang et al. (1975). Encouraged by their creative ideas and productive research, interest in tempe
developed world-wide. Modernized processes were developed, and the traditional Indonesian process
adopted some of these novelties; the nutritional and organoleptic aspects of tempe became research
topics.
Excellent reviews of tempe were published by KO & Hesseltine (1979) and Winarno & Reddy
(1986). The Book of Tempeh (Shurtleff & Aoyagi 1979, 1980) translated scientific data into a practical
guide-book for the interested public. It contains much information about the process and equipment
required at various levels of production, ranging from 7-1800 kg tempe daily. The same authors
published an annotated bibliography (Shurtleff & Aoyagi 1989). A significant part of the Handbook of
Indigenous Fermented Foods (Steinkraus et al. 1983) is devoted to tempe. The editors compiled earlier
publications, together with contributions to the Symposium on Indigenous Fermented Foods held at
Bangkok in 1977, dealing with aspects of manufacture, biochemical changes, nutritional properties,
and use of raw materials other than soya beans for tempe making.
The present review will use these accounts as a starting point to discuss the original research
papers published after 1978, with emphasis on the period 1983 to the present day.
”

2. Manufacturing processes

The principle of the tempe process is presented in Fig. 2. According to local custom and climate
conditions, specific process variations occur.
Hydration and to some extent dehulling, are essential to allow profuse fungal growth. Traditionally, raw beans are hydrated first, followed by wet dehulling and hull separation. To ensure that
the beans remain covered by water during soaking, the water: bean ratio should be 2 3.5 (Nout et al.
1985). At present most wet dehulling is mechanized in the Indonesian traditional process, using
simple electric-driven concrete disc dehullers having a sufliciently large gap to avoid damaged cotyledons. Also, a mechanized pulsed vortex wet hull separator was designed (Shurtleff & Aoyagi 1980)
but most Indonesian producers rely on the tedious manual method of wet hull separation by flota-
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Fig. 2. Principle of the tempe process (adapted from KO & Hesseltine 1979)

tion. Abrasive dehulling of dry beans in, for example, a Burr mill or a grain dehuller (KO& Hesseltine 1979) after pre-heating requires less labour. After removal of hulls and dust by low-cost (Fiering
1981) or other air classification equipment, hydration is carried out by autoclaving (Wadud et al.
1986), boiling, steaming or by overnight soaking. Lactic (<O.S%) or acetic (<0.25%)acid may be
added during hydration to control microbial spoilage (Usmani & Noorani 1986a; Wadud et a/. 1988).
The choice of techniques, operating conditions and lay-out are largely determined by the desired
production capacity, cost of labour and type of raw material (Shurtleff & Aoyagi 1979, 1980; Steinkraus 1985a).
Cooking by steaming for at least 30min at 100°C (KO & Hesseltine 1979) or by boiling in excess
water (2-3 h, in Indonesia; Winarno & Reddy 1986) serves the purpose of partial cooking which
facilitates fungal penetration and human digestion. The bitter soya taste disappears in < 15 min at
95°C (Nout et al. 1985). A heat-stable and water-soluble mould inhibitor is leached out in the boiling
water which is discarded (KO & Hesseltine 1979).
After the hydrated cotyledons have been cooked sufficiently to remove the beany and bitter taste,
they are prepared for inoculation. Traditionally, the boiling water is drained and the cotyledons are
spread quickly on plaited bamboo trays (‘tampah’) outdoors. Evaporative cooling decreases the temperature below ambient within 3&60 min. The cooled cotyledons must have a dull appearance,
indicating a relatively dry surface. Shiny, glistening cotyledons are still too wet; the presence of free
water is associated with bacterial spoilage during the incubation phase. When working at a larger
scale and indoors, insufficient space is available to achieve adequate evaporative cooling. Basket
centrifuges (Shurtleff & Aoyagi 1980) are used to remove the boiling water. The beans are then cooled
by dousing with cold tapwater within the running centrifuge. This method encourages rapid cooling,
but residual moisture can still be present. This can be absorbed by adding approx. 2% w/w maize
starch, rice flour or cassava starch. Starch also stimulates fungal growth and results in better tempe
firmness.
Inoculation is optimum at approximately lo4 colony-forming units/gram (cfu/g) prepared substrate. Accurate dosage and homogeneous mixing of inoculum and cotyledons are essential. The
majority of Indonesian tempe producers work without weighing or mixing equipment. Most use
inoculum grown on plant leaves since its quantity (leaf size) and degree of sporulation can be inspected visually. For larger-scale mechanized processes, a powder-form inoculum goes better with weighing and mixing equipment. Homogeneous mixing of inoculum is achieved by making a pre-mix with
10-20% of the substrate.
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Table 2. Process conditions in three commercial tempe processes in Malang, Indonesia
(Nout, Marks & Martovuwono. umublished)
A
Relative speed
Capacity (kg beans/day)
First boil
Duration (h)
Final temp ("C)
Final pH water
First soak
Duration (h)
Water used

B

C

Slow
100
(day 1 )
2
100
5.4
3
Boiling
fresh
6.3

Lukewarm
fresh
6.0

5
Room temp.
fresh + soak
4.7

Dehulling

Manual

Electric

Manual

Hull separation

Manual

Manual

Manual

16
Fresh
4.2

39
Fresh
4.2

0

Second boil
Duration (h)
Time at 100°C (min)
Water used
Final pH water

2
5
Fresh + soak
4.2

2
30
Soak
3.8

0.5
5

Cooling
Bean cooling time (h)

4.15

Final pH water

Second soak
Duration (h)
Water used
Final pH water

Inoculation
Temp. beans ("C)
pH beans
Usar leaves/100 kg raw beans
Incubation
Av. air temp. ("C)
Incubation period (h)

25
5.0
5

25
41

0.5

I .45

Soak
5.2
7

35
4.1
4

25
5.I
20

28
44

28
33.5

Harvest
Tempe temperature ("C)

(day 4)
40

(day 5 )
40

(day 3)
38

Quality assessment

Good

Excellent

Fair
(overfermented)

2-3

2-3

1-2

Shelf-life at 28°C (days)

Microbiological counts (Log N/g tempe)
PCA
9.4
VRBG
8.1
Roaosa
9.3

8.6
7.3
8.7

9.9
8.7
9.2

The inoculated substrate is transferred to a confined space and a slight pressure is applied from
outside. Traditionally, this is achieved by wrapping small quantities in plant leaves or by covering
4-6 cm thick beds with banana leaves or polythene sheets, which may be weighted down with clay
bricks. Tempe takes the shape of its fermentation container. Flexible pouches or rough-surfaced
leaves will result in tempes with irregular surfaces whereas smooth polythene sheets, or metallic or
hard-plastic boxes give tempe with straight edges and smooth shiny surfaces.
Incubation takes 50-20 h at 25537°C incubation temperature, respectively. Steinkraus developed a
pilot plant process requiring 18 h incubation at 35-38°C and 75-78% relative humidity (r.h.)
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(Winarno & Reddy 1986). Optimum r.h. was reported as 6&65% (Usmani & Noorani 1986a), 75%
(Wadud et a/. 1988) and 90% (Steinkraus 1985a). At r.h. >75% undesirable fungal sporulation was
reported (Wadud et al. 1988).
The imperative incubation condition could be described as that of oxygen starvation, allowing
mycelial growth but not sporulation. In practice this is achieved by perforating the container with
evenly spaced tiny punctures of approx. 1 mm diameter. In the absence of perforation, anaerobic
growth of bacterial and yeast species occurs but only a little mycelium will grow until all oxygen is
consumed. O n the other hand, if perforations are too large and close, fungal growth will be extremely
fast and the resulting heat will increase the temperature of the substrate beyond the optimum (Kp,).
This favours thermophilic spoilage bacteria which cause proteolysis and other breakdown, resulting
in a soggy, smelly incoherent mass. Other causes of excessive heat production are insufficient packing
density with consequent pockets of air, and heavy inoculation. It is likely that overheating and fermentation failures reported by Usmani & Noorani (1986a) and Wadud et al. (1986, 1988) were caused
by such factors.
Table 2 illustrates specific process conditions of commercial processes in Malang, Indonesia (Nout,
Marks & Martoyuwono, unpublished). Similar, but qualitative observations from Bogor (WestJava) were reported by Okada (1989). Although the boiling steps seem long, the actual boiling at
100°C takes only 5-30 min. Fermentative acidification during soaking resulted in bean pH of 4-5 at
inoculation; process B had the lowest bean pH and total bacterial counts, and the highest acceptability. In process C soaking was done with addition of previous soakwater as a starter (Nout et a / .
1987~).As a result, one day’s processing time was gained; also the inoculum rate was significantly
higher, facilitating shorter incubation but resulting in ‘over-fermented’ tempe.
Tempe must withstand slicing, handling and transport. The major criterion in determining the
proper harvest time is the cohesive strength of the fresh tempe. It is also possible to monitor the
attainment of the maximum temperature and specific pH changes (Berghofer & Werzer 1986). Tempe
may be preserved by boiling in brine, steaming, canning, dehydration, or deep-frying (KO & Hesseltine 1979; Winarno 1985; Winarno & Reddy 1986). Di-electric heating or gamma-irradiation did not
prevent loss of firmness during storage (Nout, unpublished). Although preservation facilitates distribution and retailing, each additional operation or capital investment increases the price and limits
the access to low-income groups.
The traditional tempe process is quite wasteful. The average total solids loss is 22-27%, caused by
dehulling (8-17%), soaking and cooking (&12%) and fermentation ( 1 4 % ) (Steinkraus et al. 1983;
Winarno 1985; Winarno & Reddy 1986). The reduction of dry matter losses and required process
energy is a challenge to food technologists. Avoiding wet operations may not be entirely feasible,
since mould inhibitors and anti-nutritional factors must be leached out. However, Steinkraus et a/.
(1983, 1985a), and Samish (1987) proposed processes involving dry technologies and reduced cooking
periods, giving higher tempe yields and less waste.

3. Microbial ecology
Whereas initially the focus of microbiological attention was on the filamentous fungi involved in the
inoculation and fermentation of tempe (KO & Hesseltine 1979), current research includes the total
microbial flora present in tempe, and their interactions. It is now generally accepted that fungal
(Rhizopus) growth is essential for tempe formation, but also that levels of 108-109 cfu/g bacteria
(Mulyowidarso et al. 1990) and up to lo7 cfu/g yeasts are normal.
The contribution of this ‘accompanying’ flora of bacteria and yeasts to the properties of tempe is
only partly understood (Winarno & Reddy 1986). Most probably they play a role in flavour development and influence the chemical composition through substrate modifications and synthesis of vitamins. Spoilage caused by Bacillus spp. during incubation has already been mentioned (KO&
Hesseltine 1979). Fermented, yeasty or other off-odours can be produced during storage (Winarno &
Reddy 1986).
Fortunately, traditional soya bean tempe has never been incriminated in relation to food poisoning
(KO& Hesseltine 1979). There are several reasons why we regard traditional tempe technology as
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implicitly safe. These relate to the properties of Rhizopus spp., the presence of lactic acid bacteria, the
incubation under micro-aerobic conditions, and the customary heating prior to consumption.
3.1

M I C R O B I O L O G I C A LC O M P O S I T I O N OF T E M P E

Samson et al. (1987) examined 110 samples of Dutch commercial tempe. The most frequently
occurring fungi were Rhizopus oryzae, R . oligosporus, Mucor indicus, Trichosporon heigelii, Clavispora
(Candida) lusitaniae, Candida maltosa and Candida intermedia. Lactic acid bacteria and Enterobacteriaceae were predominant bacteria. In addition, Mulyowidarso et al. (1990) found lo8 cfu/g Bacillus
pumilus and B. hrevis in fermenting tempe. Staphylococcus aureus, Bacillus cereus and Escherichia coli
were also detected at unacceptable levels in several (1 3%, 11 Yo, and 5%, respectively) samples
(Samson et al. 1987). The latter results indicate the need to understand the microbial ecology of the
process, and in turn to control the proliferation of the microbial community in tempe.
3.2

TRADITIONAL SOAKING

In Indonesia soya beans undergo a natural microbial acidification during the hydration (soaking)
process (Winarno & Reddy 1986). During this period of 12-48 h at approx. 28”C, the microflora
residing in the soaking vessels acts as a starter for mixed lactic/acetic acid fermentations which lower
the pH from 6.5-7.0 (initial) to 4.5-5.5. Nout et a / . (1985) found that spontaneous biological acidification during soaking at 30°C occurred if the initial water temperature was < 70°C. After initial boiling
at l W C , no acidification occurred. A biological acidification gave 108-109 cfu/g total bacteria in the
soak water which had turned slimy. Natural biological acidification occurs faster at 37°C than at
20°C. The predominant species responsible for acidification of soya beans were Lactobacillus casei,
Enterococcus faecium, Strep. dysgalactiae and Staph. epidermidis. Also present were Enterobacteriaceae : Citrobacter diversus, Enterobacter agglomerans, E. cloacae, Klebsiella pneumoniae and K l .
ozaenae, especially during the first stages of soaking, as they are not able to survive the increasing
acidity (Mulyowidarso et a / . 1989). It is not known whether the acidification plays a role in the
leaching of mould inhibitors from the beans (KO & Hesseltine 1979). Biological acidification does not
result in sour-tasting tempe since microbial activity during fungal fermentation raises the pH to 6-7
in the final product.
KO & Hesseltine (1979) found that the growth of bacteria during soaking was not important, since
most would be killed during subsequent processing. However, Nout et a/. (1985) found that biologically acidified beans (pH 4.8) gave fresh tempe of good quality irrespective of whether pure
culture or heavily contaminated traditional inoculum was used. Also, the prevalence of KI. pneumoniae in tempe is possibly related to its presence in the soaking operation (Mulyowidarso et a / . 1989).
3.3

PROBLEMS D U R I N G ‘MODERN’ S O A K I N G

In temperate climates with other natural microflora or stringent disinfection of equipment, the
natural acidification of soya beans does not always materialize, or is very slow. Poor acidification
and centrifugal washing/cooling result in cotyledons of near neutral p H and high moisture content
which are an excellent substrate for unwanted acid-sensitive bacteria, e.g. Bacillus spp. and Enterobacteriaceae.
The addition of lactic or acetic acid during soaking to reduce chances of microbial spoilage was
advocated by Steinkraus et a/.(1960). Soaking in 1% lactic acid solution suppressed microbial growth
(final total counts < lo2 cfu/ml soakwater) and sliminess of the soakwater (Nout et a / . 1985). Chemical acidification (soaking in 1% lactic acid) gave poor tempe quality with traditional starter and
acceptable quality with pure culture inoculum.
3.4

RISKS ASSOCIATED W I T H USE OF U N A C I D I F I E D BEANS

The importance of raw material pH (at the time of inoculation) is illustrated by the investigations of
Tanaka et al. (1985) who carried out challenge tests with Clostridium botulinum, Staph. aureus, Sal-
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monella typhimurium and Yersinia enterocolitica in non-acidified soya beans inoculated with R. oligosporus NRRL 2710. Under the conditions used, the mentioned harmful organisms were able to grow
and some produced their toxins. Also, Nout et a / . (1988) found that Staph. aureus could grow and
produce enterotoxins A and B in non-acidified soya beans in the presence of R. oligosporus. Although
one could argue that the use of non-acidified beans (pH 6.5) does not represent proper tempe making
conditions, it nevertheless indicates the risk of poor quality products if acidification is inadequate.

3.5

ACCELERATED ACIDIFICATION

Nout et a / . (1987~)found that daily addition of previous soakwater (‘back-slopping’)is a powerful
method of obtaining a vigorous lactic fermentation. This ‘accelerated natural lactic fermentation’
results from the gradual selection of ecologically adapted acidifying organisms (mainly Lact.
plantarum) with a persistent minority of yeasts (predominantly Saccharomyces dairensis). Figure 3
illustrates the stabilization of the acidification with ‘back-slopping’. Pure culture experiments with
Lact. plantarum or Sacch. dairensis added to soaking beans showed that Lact. plantarum contributed
to excellent quality, whereas Sacch. dairensis contributed neither to bean acidification, nor to tempe
quality. Although quite sour (pH 4.3) beans were inoculated and the resulting tempe had the correct
pH (6.08). Nout et a / . (1988) found that in challenge tests Staph. aureus added at the start of soaking,
survived in spontaneous soaks with final water pH of 4.7. However, during ‘accelerated acidification’
soaks (final water pH 4.0), the added 3 x 104/ml Staph. aureus were killed.
3.6

E F F E C T O F B O I L I N G P R I O R TO I N O C U L A T I O N

Mild heating (15 min at 95°C) of soaked and biologically acidified beans results in sufficient survival
of a mixed flora of lactic acid bacteria (Mulyowidarso et nl. 1989) and Bacillus spp. to prevent
excessive spoilage caused by the latter (Nout et a/. 1985). However, strong proteolytic Bacillus spoilage took place in beans which had been heated for 60 min at 95°C or 15 min at 121°C. En the latter
case a near pure culture of Bacillus survived as spores and could grow without competition.
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3.7

INOCULATION

Fermentation failure (overheating) through over-inoculation was mentioned above. On the other
hand, the importance of suficient inoculum was shown by KO & Kelholt (1981) in tempe bongkrek.
This is the only tempe type which regularly leads to food poisoning, caused by the toxins toxoflavin
and bongkrekic acid of Pseudomonas cocouenenans. It was shown that Ps. cocovenenans cannot grow
or produce these toxins when the inoculum ( R . oligosporus) has at least a 10-fold majority over Ps.
cocouenenans (KO& Kelholt 1981).
3.8

F U N G A L F E R M E N T A T I O NS T A G E

3.8.1 Properties of R. oligosporus
Sporangiospores of R. oliyosporus NRRL 2710 germinate in two phases, viz. swelling and germ tube
protrusion. The optimum conditions were at 42°C and pH 4.0. The presence of exogenous carbon
and nitrogen sources, particularly amino acids, were required for germ tube protrusion (Medwid &
Grant 1984). This implies that an initial incubation of the raw material at 3540"C, as well as the use
of acidified beans, increases the chances for the desired domination by R. oligosporus.
Rhizopus spp. grow fast and quickly deplete the substrate of fermentable C-compounds, thereby
competing with slower growing fungi, e.g. Aspergillus spp. (Nout 1989). Rhizopus oligosporus was also
reported to exhibit antimicrobial activity of glycopeptide nature against some Clostridium, Bacillus,
and Staphylococcus spp. (KO& Hesseltine 1979; Winarno & Reddy 1986), and substances inhibiting
Aspergillus f l a w s growth (Nout 1989).
As a result of fungal metabolism, O2 levels in tempe are much lower (approx. 20/~v/v) than in the
surrounding air. Although this did not affect the growth of added Staph. aureus, it reduced its enterotoxin A production by 92% (Nout et a / . 1988).
3.8.2 Effect of initial bean p H
Reduced bean pH at inoculation delays the proliferation of undesirable contaminants. Although the
pH will increase later during incubation, such contaminants will by then experience the competition
of acid-resistant bacteria which have grown into domination. Adequate initial pH levels were reported for tempe bongkrek (pH < 5 to inhibit Ps. cocouenenans) (KO 1985a) and soya bean tempe
(pH < 4.85 to inhibit B. cereus) (Nout et a / . 1987a). Marginal inhibitory effects were reported at pH
4.9 and 5.8 in soya bean tempe inoculated with 3 x lo3 cfu/g Salmonella infantis, Ent. aerogenes and
Escherichia coli (Ashenafi & Busse 1989). In that case, addition of 7 x 102/g Lact. plantarum resulted
in adequate inhibition of the contaminants. This implies that moderate bean acidification to pH 4.9
still requires additional ecological inhibitive factors, e.g. competitive microflora, to minimize the risk
of undesirable proliferations.
3.8.3 Effect oflactic acid bacteria
It was shown that growth of B. cereus (Nout et a/. 1987a) or Staph. aureus (Nout et al. 1988) in tempe
from poorly acidified beans could not be prevented using a mixed inoculum of R. oligosporus and
Lactobacillus pure cultures. This shows that acidification prior to inoculation is an indispensable
safety measure.
However, addition of lo3 cfu/g Lact. plantarum or Lact. breuis reduced staphylococcal enterotoxin
A (SEA) by 65% and SEB by 96% after 48 h fermentation (Nout et a / . 1988). Other lactic acid
bacteria including Enterococcus faecium and Lact. casei were detected in tempe (Mulyowidarso et al.
1990) but their effects are not known.
3.8.4 Effect of Enterobacteriaceae
The formation of vitamin B12 in tempe has much interest (Winarno & Reddy 1986). Okada et a / .
(1985a) isolated 397 bacteria from Indonesian tempe and tested them for vitamin B12 production by
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bio-assay (Lact. leichmannii ATCC 7830). Of the 397 strains, 9.6% produced 1W1OOO ng/5 ml
culture, with a maximum of 1350 ng vitamin B12/5 ml. They identified 33 strains which produced
> 10 ng vitamin B12/5 ml culture as K l . pneumoniae, K l . pneurnoniae ssp. ozaenae, KI. terrigena, K l .
planticola and Ent. cloacae, and found some unidentified Gram-positive and Gram-negative rods as
well (Okada et al. 1985b). Klebsiella pneumoniae grows at pH 5-7 and its T,,, for vitamin B12 production is 35°C (Suparmo 1988). Its growth does not interfere with the growth of R. oligosporus
(Steinkraus et al. 1983). Mixed pure culture inocula of R . oligosporus and K l . pneumoniae were used to
produce tempe containing vitamin B12 (Suparmo 1988).

3.9

HEATING PRIOR TO CONSUMPTION

Heating by frying or stewing will destroy most vegetative microbial cells, but staphylococcal enterotoxins are relatively heat-resistant. Although it is unlikely that the latter are produced in tempe
because of the microbial competition and low 0, concentrations, their fate during heating in tempe
was investigated. It was found that the thermal resistance of enterotoxin A added to tempe was much
lower than in brain heart infusion (Nout et al. 1988). After heating at 100°C for 10 min, 99.7% SEA
was inactivated compared with 6CL78'XBin brain heart infusion.

4. Starter development
4.1

TEMPE FUNGI

Several genera of fungi have been isolated from traditional tempe (KO& Hesseltine 1979; Winarno &
Reddy 1986), but Rhizopus spp. are considered to be essential for tempe making. Other genera are
considered to be chance contaminants which may not even have grown but be present as spores.
According to the revised nomenclature of Schipper (1984) and Schipper & Stalpers (1984), the
genus Rhizopus consists of the groups R. stolonfer, R . oryzae and R . microsporus. The R . microsporus
group includes R . homothallicus and R. microsporus. The latter species is subdivided into four varieties : microsporus, rhizopodformis, oligosporus and chinensis. Rhizopus arrhizus has been placed in the
R. oryzae group but since it is considered to be an 'extreme form' of R . oryzae, it will be regarded
separately.
Rhizopus microsporus var. oligosporus (in short: R . oligosporus) is considered most suitable for
tempe making (Sharma & Sarbhoy 1984; Hesseltine 1985; KO 1985b). It cannot utilize sucrose,
stachyose and raffnose and derives much of its energy from soya bean lipids, particularly oleic acid.
Rhizopus stolonfer is. a chance contaminant in tempe (Hesseltine 1985) but it can also be used successfully (Sharma & Sarbhoy 1984; K O 1985b). Rhizopus oryzae is often found in traditional tempe
(Hesseltine 1985) but its mycelium is insuffciently dense (Sharma & Sarbhoy 1984) and it has been
associated with undesirable sour off-flavours, supposedly due to its amylase activity (Hesseltine 1985).
Rhizopus microsporus var. microsporus (in short: R . microsporus) gave acceptable pure-culture tempe
(Sharma & Sarbhoy 1984; KO 1985b). Rhizopus arrhizus is considered a chance contaminant
(Hesseltine 1985). In pure-culture experiments, it yielded poor results (Sharma & Sarbhoy 1984; KO
1985b), as did R . microsporus var. chinensis (in short: R. chinensis) (Sharma & Sarbhoy 1984; KO
1985b). A new species R. azygosporus ATCC 48108 was isolated from tempe in 1976 (Yuan & Jong
1985) but its contribution to tempe quality is not known.

4.2

STARTERS

During the tempe fermentation the growth of fungal mycelium must take place without sporulation.
In contrast, the production of starters is aimed at maximum sporulation. This implies the requirement of different environmental conditions. Particularly, aerobic conditions appear to be essential to
achieve this.
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4.2.1 Natural starters
Traditional techniques for inoculation employ either dried and pulverized tempe of a previous batch
(‘tempe-to-tempe’), leaf-grown inoculum locally referred to as ‘war’ or ‘laru’ (KO& Hesseltine 1979)
or inoculum grown in steamed rice and/or cassava flour inoculated with ‘usar’.
Little reported experience is available about the ‘tempe-to-tempe’method. Regardless of the microbiological composition of the tempe used for this purpose, the next generation of tempe is not likely
to be better. Usmani & Noorani (1986b) observed that the ‘tempe-to-tempe’method could be applied
five consecutive times, after which mould growth slowed down. This is probably caused by increasing
bacterial contamination of the starter.
The preparation of ‘usar’ is summarized in Fig. 4. Until recently, little attention was paid to the
microbiology and biochemistry of ‘usar’ (Winarno & Reddy 1986). In the Yogyakarta region, ‘usar’ is
made with leaves of Hibiscus similis, H . tiliaceus, Tectona grandis, Bambusa sp. or Musa paradisiaca
(Jutono 1985). Mycelial growth, formation of sporangia and presence of chlamydospores varied
according to the type of leaves used. Mycelial growth decreased, number of sporangia increased and
number of chlamydospores increased when H. similis, H . tiliaceus or T . grandis were used, respectively. Of 15 Rhizopus strains isolated from ‘usar’, 80% were antagonistic towards Aspergillus spp.,
70% towards yeasts and 40% towards spore-forming bacteria. The presence of numerous zygospores
was regarded as indicative of the presence of many Rhizopus strains on the same leaf. The heterogeneity of the Rhizopus community might contribute to its stability and potency.
Table 3 shows the microbiological composition of Indonesian ‘usar’ samples. ‘Usar’ retains most of
its viability for 4-6 weeks at room temperature or >24 weeks at 4°C (KO 1985b; Jutono 1985). ‘Usar’
technology is simple and low-cost and would be the most elegant way to provide starter in other
tropical countries. During a tempe technology transfer project in Nigeria (Djurtoft 1985), ‘war’-like
starter for cowpea tempe was prepared by sandwiching boiled cowpeas between locally occurring H .

Soya beans

1

Soak, cook as for
tempe manufacture

1

Inoculate with usar
at 10-fold higher rate
than for tempe

I

Fresh leaves of Hibiscus tiliaceus.
H . sirnilis, Erythrina sp.. or
Tectona grandis

1
I . .
Edges trimmed to give circle
Ringed

of approx. 10 cm diam.

4

-1 0-20 inoculated soya cotyledons
placed on leaf back-side

1 .

Covered with back-side of second
leaf to form a sandwich

+

I

Stack sandwiches under banana leaves
or polythene sheet

1

Incubate 2-3 days, well aerated at high
relative humidity until dense growth
and well-sporulated

I

Open sandwiches and sun-dry until
crisp dry
Shelf-life at room temperature approx.
4-6 weeks
Fig. 4. Flow-sheet of usar manufacture (Jutono 1985; Winarno 1985; Nout, Marks & Martoyuwono,
unpublished).
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Table 3. Microbiological composition of newly
made usar (log N i d
Reference

Mould propagules
Total aerobic bacteria
Bacterial spores
Yeasts
Lactobacilli
Enterobacteriaceae

1

2

3

n.d.
9.23
3.40
3.78
n.d.
n.d.

8.20
7.28
3.15
6.46
6.60
7.00

7.76
7.01
n.d.
n.d.
7.36
6.26

References: 1, Jutono (1985); 2, Tuncel et al.
(1989); 3, Stoffels & Nout (unpublished).

tiliaceus leaves. The resulting 'usar' could be used, but was not as good as the Indonesian (soya bean)
equivalent.
4.2.2 Pure culture starters
Pure culture starters are prepared by growing a pure culture Rhizopus strain on sterile substrate (e.g.
soya beans, wheat or rice), followed by dehydration and pulverizing (KO & Hesseltine 1979). Pure
culture starter is essential for controlled experimental fermentations, and for this purpose several
ways of starter manufacture were developed (KO 1985b). The most popular strain is R . oligosporus
NRRL 2710 which grows within the temperature range 3&42"C, is unable to ferment sucrose, has
proteolytic, lipolytic and antioxidant activities, and gives tempe with a characteristic aroma. It also
grows on cereal substrates with only minor production of unwanted organic acids (Steinkraus et al.
1983). However, other strains, including CBS 338.62 or NRRL 5905 can be used to make good
tempe. The storage life of such starters was reported to be 4 months at 25-30°C (Tanuwidjaja &
Roestamsjah 1985), or a year at 4°C (Medwid 1984), and increases with lower r.h.
The use of pure culture starters was also advocated for large-scale industrial tempe making
(Steinkraus et al. 1983; Tanuwidjaja & Roestamsjah 1985), but they might be too expensive and
time-consuming for that purpose (KO 1985b). In our opinion, pure culture starters should be used
only under aseptic fermentation conditions. These are not present in commercial practice since tempe
substrate is not sterile. In addition, pure culture starters which normally contain approx. 10' cfu/g
(Tanuwidjaja & Roestamsjah 1985) need to be diluted lW1000-fold to obtain a pre-mix which can
be used at the level of 10 g/kg substrate to attain the desired inoculation rate of 103-104 cfu/g
(Tanuwidjaja & Roestamsjah 1985) and enable homogeneous mixing. For this dilution, soya or rice
flour is used which contains its natural microflora of 103-104 cfu/g bacteria and fungi. Consequently,
the advantage of a pure culture starter is lost.
4.2.3 Semi-pure culture starters
Semi-pure culture starters are prepared by growing a pure culture Rhizopus strain on traditionally
cooked or steamed substrate, mostly rice (KO 1985b; Tanuwidjaja 1985) or soya beans (Usmani &
Noorani 1986b; Tiinqel et al. 1989). After incubation on trays at 30°C for 3 d and profuse sporulation, the wet starter can be dehydrated at 40°C (15 h) to 10% moisture content (Tanuwidjaja 1985).
An alternative is to incubate at 37°C for 8-9 d in open trays. During the prolonged incubation,
evaporation results in a final moisture content of 5% (KO 1985b).
During incubation, fungi and bacteria develop. The dry starter contains approx. 4 x 107-109 cfu/g
mould (KO 1985b; Tanuwidjaja 1985; Usmani & Noorani 1986b) and 104-105 cfu/g bacteria (KO
1985b; Tanuwidjaja 1985). The latter level was not influenced by adjusting the substrate to pH 3 with
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acid (Tanuwidjaja 1985). However, the use of biologically acidified substrate (also being practised
during traditional 'usar' manufacture) significantly decreased total aerobic bacteria counts in soya
bean- and rice-based starters (TiinGel et al. 1989).

4.2.4 Mixed-strain cultures
Instead of leaving it to chance which bacteria will grow in semi-pure starters, one could attempt to
propagate desirable bacteria simultaneously with the Rhizopus strain being used. Tunqel et a/. (1989)
promoted the simultaneous growth of lactic acid bacteria and R . oligosporus by adding 1 % sour
soakwater to the boiled substrate. The resulting tempe was of superior quality. Likewise, mixed pure
cultures of R. oliyosporus and Klebsiella pneumoniae were used (Suparmo 1988) to produce vitamin
BI 2-containing tempe.

5. Kinetics of fungal growth

In industrial operations a quantitative approach is desirable to enable the optimum design of fermentation containers, incubation rooms and their heating, cooling and insulation capacities. The tempe
process can be characterized as a deep-bed solid-substrate fermentation (SSF). In order to monitor
the SSF under controlled conditions, small-scale fermentation chambers (Steinkraus et a / . 1983:
Rathbun & Shuler 1983) and packed columns (Narahara et a / . 1982) were devised, allowing continuous measurement of temperature, and 0, and CO, concentrations at different locations in the bed.
So far, an unsolved problem is the measurement of fungal biomass in SSF. Gravimetric biomass
determination would be the most realistic approach but the physical separation of biomass from
natural substrate is difficult, if not impossible (Harris & Kell 1985). Although enzymatic digestion of
the substrate (Steinkraus el nl. 1983; Blakeman et a / . 1988), or growth on substrate covered with
membrane filter discs (Seaby et a / . 1988) can sometimes be used, most investigators monitored
biomass in SSF by indirect methods. In this respect, CO, evolution was used (Steinkraus et a / . 1983)
although it includes respiration (Rathbun & Shuler 1983). Enzyme activities e.g. laccase in Agaricus
bisporus (Matcham et al. 1985) are mostly age-dependent, as well as chitin (Matcham et al. 1985) or
N-acetylglucosamine residues (Narahara et a / . 1982; Blakeman et a / . 1988). Ergosterol content in R.
oligosporus is influenced by medium composition and 0, concentration (Nout et nl. 1987b). Tests for
mycelial cohesive strength (Kronenberg & Hang 1985; Blakeman er nl. 1988) are useful in practical
situations but cannot be translated into biomass.
An SSF chamber and the enzymatic digestion method were used by Charles and Gavin (see Steinkraus et a / . 1983) who estimated that the maximum wet biomass in tempe was 15"h w/w. This level
was achieved after incubation for 60 h at 28°C or 48 h at 38°C.
As a result of fungal germination and growth, considerable heat (14960 Btu/kg or 15783 kJ/kg dry
biomass) (Lonsane et al. 1985) is developed which can only slowly dissipate into the surrounding
environment. As a result, the temperature within a bed or package of tempe may become 1@-16"C
higher than the incubation temperature (KO & Hesseltine 1979). In static solid substrate fermentations, the geometry of the fermenting mass determines the accumulation of heat. The difference of
temperatures in the centre and of the surrounding atmosphere (AT = T,,,,,, - T,,u,s,depends
,,c) on the
shortest distance ( r ) from the centre to the periphery of the mass. From the data of Rathbun & Shuler
(1983) we calculated a temperature gradient ( A T / r )as high as 3.2"C/cm occurring in a mass of tempe
of 6.5 x 6.5 x 6.5 cm. In a relatively 'flat' geometry of 40 x 40 x 2.5 cm, Charles & Gaviri (see
Steinkraus et a / . 1983) observed smaller temperature differences at locations with equal distance to
the centre of the mass. The latter represent edge effects caused by heat transfer through the sides of
the mass. To avoid thermophilic spoilage, airing of the fermenting mass is used in the traditional
process to keep its temperature within acceptable ( ~ 4 5 ° Cranges.
)
The availability of 0, is determined by diffusion, which in turn is determined by porosity, particle
size and consistency of the substrate (Alvarez-Martinez 1987; Mitchell et a / . 1988b). Due to these
limitations to mass transfer, 0, levels decreased to approx. 2% v/v and CO, increased to 22% v/v.
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Fig. 5. Effect of atmospheric oxygen concentration on the growth (biomass yield) of Rhizopus oliyosporus grown
o n soya bean extract agar. .,30"C; 0 , 3 7 " C(Nout, unpublished).

Optimization of medium composition and study of environmental effects are mostly carried out in
Petri-dishes, allowing measurement of increased colony diameter as growth index (Mitchell et al.
1988a), or in liquid media, enabling gravimetric biomass determination. The optimum temperature
for germination of R. oligosporus spores is 40°C (Seaby et al. 1988); for growth, 33°C gave a higher
rate than 30°C and 27°C (Seaby et al. 1988); Rathbun & Shuler (1983) reported a T,,, of near 40°C.
The latter estimated the maximum specific growth rate at 0,25/h, and a T,,, of 47°C. Rhizopus
oligosporus NRRL 2710 cannot grow under anaerobic conditions (Hesseltine et al. 1985) or at 0.230.32% v/v 0,. But at 1-6.5% v/v 0, rapid growth occurred (Rathbun & Shuler 1983). This means
that the 0, levels measured in tempe (2% v/v), would not be growth-limiting. Figure 5 illustrates the
effect of atmospheric oxygen concentration on the biomass yield of R. oligosporus NRRL 5905. If
oxygen is the limiting substrate, the relationship follows Monod kinetics (Nout, unpublished). As in
other fungi (Narahara et al. 1982), low levels of 2-5% v/v CO, stimulate growth. At these CO, levels,
R. oligosporus produced 1.16 x more biomass than in air (0.03% v/v CO,) (Seaby et al. 1988). Even
at 20% v/v CO,, biomass production was still 1.1 x that in air. This implies that the high CO,
concentrations observed in tempe (22% v/v) d o not have an inhibitory effect. Growth of R. oligosporus NRRL 5905 stops a t 35% v/v CO, (Nout, unpublished). Additional environmental factors
including a,, pH, C/N ratio, carbon, lipid and nitrogen sources need to be optimized if R. oligosporus
is used for SSF of starchy substrates e.g. cassava (Mitchell et al. 1988a; Seaby et al. 1988).
6. Biochemical changes
The mycelium of R. oligosporus penetrates into several layers of cells to approx 25% of the width of
the soya cotyledon (KO& Hesseltine 1979), but Jurus & Sundberg (1976) could not confirm whether
penetration of the plant cell walls takes place. At any rate, mycelium can invade the intercellular
lamellar material and can solubilize it by the activity of its extracellular lytic enzymes.
Rhizopus spp. produce a variety of carbohydrases, lipases, proteases, phytases and other enzymes.
Although Whitaker (1978) mentioned that R. oligosporus produces little pectinase activity, Charles
and Gavin (see Steinkraus et al. 1983) measured levels of this enzyme, which increased with mycelial
growth. Polygalacturonase is a major enzyme of R. oligosporus (Sarrette, Nout, Gervais and
Rombouts, unpublished), R. stolonifer (Manachini et al. 1987; Hornewer et al. 1987) and R. arrhizus
(Sachde et al. 1987). Other major carbohydrases of R. oligosporus in tempe include endocellulase,
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xylanase, arabinanase and small quantities of a-D-galactosidase, ,!?-B-galactosidase, pa-xylosidase,
a-1.-arabinofuranosidase and a-D-glucosidase (Sarrette, Nout, Gervais and Rombouts, unpublished).
Similar activities were found in R . thailandensis (Tsen et al. 1985). Lipase activity in R . oliyosporus
tempe was maximum at 24 h. The enzyme had a molecular weight of > l00OOO. The pH,,, was 7.0,
T,,, 40"C, and it was fully inactivated by heating at 60°C for 10 min (Souser & Miller 1977). In liquid
media, maximum R. oliyosporus lipase activity was obtained after 3 d at 25°C (Nahas 1988). Rhizopus
oligosporus NRRL 2710 produced mainly intracellular phytase (9.6 units/l00 ml) in addition to 2
units/100 ml extracellular phytase activity, when grown in rice medium. O n synthetic medium, no
phytase activity could be detected (Wang et al. 1980). Both intracellular and extracellular phytases
had optimum activity at pH 4.5 and W C , but the activity at regular tempe pH ( 6 7 ) was not
measured (Sutardi 8c Buckle 1988). In addition, several Rhizopus and Neurospora strains were able to
degrade aflatoxin B 1 to non-fluorescent compounds, supposedly aided by mono-oxygenase systems
(Bol & Smith 1989; Nout 1989).
Because of the enzymatic degradation of macromolecules into substances of lower molecular
weight there is a solubilization effect as illustrated in Table 4. Similar modifications took place in
common beans (Paredes-Lopez et al. 1987), groundnuts, chickpeas and horsebeans (Winarno &
Reddy 1986) when made into tempe. The consistency is also affected; soya bean meal fermented with
R. thailandensis had increased adhesiveness, stickiness, cohesiveness and chewiness, as measured by
instrumental methods (Tsen et al. 1985). Winarno & Reddy (1986) reviewed the nutritional implications of the tempe fermentation. Fresh tempe contains ca. 60% moisture. O n a dry matter basis, it
contains approx. 55% crude protein, 14% fat, 28% carbohydrates, 3% fibre and 3% ash. Obviously,
subsequent processing, e.g. deep-frying in oil, will affect the nutrient composition through increased
fat content.
As a result of protein metabolism, a gradual pH increase from 4.5 (0 h) to 6.0 (26 h at 28°C 18 h at
38°C) and 7.0 (48 h at 2 8 T , 30 h at 38"C), leveling off towards 7.5-8.0 takes place (Steinkraus et al.
1983).
The effect of tempe fermentation on total nitrogen content is negligible, but increases of free amino
acids take place. The amino acid pattern as quantified by the essential amino acid index is hardly
affected during a 24 h fermentation. Longer fermentation resulted in losses of lysine (25Oh lost after
60 h) (Winarno & Reddy 1986).
The significant lipolysis yields predominantly linoleic acid, as well as deic, palmitic, linolenic and
stearic acids. Free fatty acids, particularly oleic, linoleic and linolenic acids were associated with
non-specific antitryptic activity (Winarno & Reddy 1986). As such, extensive lypolysis could diminish
the nutritional quality. Rhizopus oligosporus derives much of its energy from oleic acid. This is supported by the findings of Paredes-Lopez et al. (1987) who reported a 50% reduction of oleic acid in
bean tempe. In soya bean and cowpea tempe, however, no change was observed in the pattern of
fatty acids (Djurtoft & Jensen 1989). These results appear to be contradictory and require further
study.
Although soya beans contain very little starch, protein-bound starch might decrease the digestibility of soya proteins (Van der Riet et al. 1987). During prolonged fermentation (48-72 h) starch

Table 4. Chemical changes during soya bean t e m p
fermentation as compiled from multiple data by KO &
Hesseltine (1979)

Dry weight basis
Soluble nitrogen

Free amino acids
Lipids
Free fatty acids
Hemicellulose
Fibre
Water-soluble solids

Beans

Tempe

0'5'X

2.0%
1-85 x increase

22.5%
0.5%
2.01%
3.7%
13%

14.10/;>

21Y"
1 , I 3?4
.5.8"/;1
21%
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decreased from 0.4 to 0.1% (dry wt) and some unidentified carbohydrates were formed. Also in field
bean tempe, starch was decreased by 74% (Berghofer & Werzer 1986).
Changes in vitamin contents in soya bean tempe are summarized in Table 5. Except for thiamine
which is reduced by approx. 50%, all other vitamins increase significantly. Increased vitamin contents
were also reported in cowpea tempe (Djurtoft 1982) and field bean tempe (Berghofer & Werzer 1986).
Most vitamin assays are carried out by bacteriological methods. Vitamin responses may not always
indicate the presence of physiologically active substances.
Substances with antioxidant activity are produced in soya bean tempe (Winarno & Reddy 1986).
The antioxidant effect persists in oil of dried t e m p and was demonstrated by peroxide value
(Murakami et al. 1984) and 0, uptake tests (Murata 1988). Due to 8-galactosidase activity
(Murakami et al. 1984), soya bean isoflavone glycosides are degraded to lipophylic aglycones, e.g.
genistein and dadzein, having a slight antioxidant activity. Hydroxylated aglycones of higher activity
are formed by R. oligosporus. These include Factor-2 (6,7,4'-trihydroxyisoflavone) at a level of 4 ppm
in tempe powder (Murata 1985) and the uncharacterized '0.58' compound (referring to its R , value).
Subsequent reduction or methylation result in 6,7,4'-trihydroxyisoflavanor 6,7-dihydroxymethoxyisoflavan, respectively (Jha 1985). The latter compounds have not only higher antioxidant activity,
but were also reported to have pharmacological activities including blood pressure lowering, antiadrenalin, anti-haemolysis, anti-endematic, human lipoxygenase inhibitory and anti-vessel constriction effects (Murata 1985; Jha 1985; Steinkraus 1986).
Table 6 summarizes antinutritional factors (ANF) present in soya bean and other legumes, and the
process operations which inactivate them. Non-protein, water-soluble, low molecular weight trypsin
inhibitors include peptides and fatty acids. These can be leached out during soaking, dehulling and

Table 5. Effect of fermentation on vitamin content
(Shurtleff & Aoyagi 1979; Okada et ul. 1983; Murata 1985)

Thiamine B1
Riboflavin B2
Nicotinic acid
Pantothenic acid
Pyridoxin B6
Folacin (Folates)
Cyanocobalamin B I2
Biotin

100 g
cooked soya
cotyledons

100 g
fresh tempe

0.3&0.48 mg
0.1&0.15 mg
0.5&0.67 mg
43cL500 pg
18WOO pg
25 Pg
0.15 ng
35

0.28-0.30 mg
0.5cL0.65 mg
2.52-3.00 mg
520-1000 pg
83cL2000pg
100 Pg
0.7-8 p g
53-70 pg

Table 6. Antinutritional factors (ANF) in legume seeds
ANF
Flatulence producing factors
(stachyose, raflinose)
Protease inhibitors
(trypsin inhibitors, etc.)
Tannins (polyphenols)
(proanthocyanidin)
Phytate
(chelating dietary minerals)
Haemagglu t in ins
(lectins)
Favism-inducing factors with
individuals deficient in G6PD
(vicine, convicine)

Removed by
Soaking/boiling

1 IOC/40 min
Soaking/heating
Dehulling/soaking/
fermentation
Cooking/heating
Heating
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washing. Protein-type trypsin inhibitor is largely inactivated during the cooking or steaming operation. The method of extraction strongly influences the trypsin inhibitor activity found; loss of
trypsin inhibitor activity was observed during purification by affinity chromatography (Roozen & De
Groot 1985). Soaked beans contained, per kg dry matter, 13.23 g trypsin inhibitor activity (TIA),
steamed beans 0.35 g, and tempe 0.17 g and 0.23 g TIA after 24 h and 48 h incubation, respectively
(Roozen & De Groot 1987).
Carbohydrates of soya beans, especially the tri- and tetrasaccharides raffinose and stachyose are
reported to cause flatulence in humans. Another oligosaccharide, presumably verbascose, was found
in bakla (David & Verma 1981). Tempe fermentation reduced total flatus factors from 16.5 mg/g to
2.0 mg/g in soya beans (Winarno & Reddy 1986), stachyose by 65% in lablab beans (Martoyuwono
1985) and from 0.16% to < O . l % in groundnut (Fardiaz & Markakis 1981b), sucrose from 3.39% to
0.89% in groundnut (Fardiaz & Markakis 1981b), but raffinose in groundnut was not affected
(Fardiaz & Markakis 1981b). In-oitro gas production by intestinal Clostridium spp. has been used to
simulate flatus formation in the human body. Clostridial gas production from soya bean tempe, black
gram tempe, and dried pea tempe was only 13%0,17% and 18% of that produced by their respective
raw materials (Jha & Verma 1980). But in pea tempe this was caused by inhibition of clostridial
growth. After inactivation of a heat-labile inhibitor, steamed pea tempe caused more clostridial gas
formation than unfermented peas (Nowak & Steinkraus 1988). It therefore remains to be investigated
if low levels of oligosaccharides are directly related to human flatus production.
Phytic acid of raw substrate increased during soaking due to pre-germination enzyme activities
(Sutardi & Buckle 1985b). Table 7 shows that it is degraded during steaming and fermentation into
other inositol phosphates and inorganic phosphate. Since phytic acid has a strong chelating effect, its
degradation was expected to improve the bio-availability of Ca, Mg, Zn and Fe.
According to Whitaker (1987) the beany flavours would be released from the proteins to which
they are bound as a result of proteolysis. However, the lack of beany flavours in tempe could also be
the result of the inactivation, during the boiling, of the lipo-oxygenases that are associated with the
formation of such flavours. Flavour components of the boiled soya beans, as determined by GLC,
included maltol, esters (ethyl palmitate, ethyl linoleate) and free fatty acids (palmitic, stearic, oleic,
linoleic, linolenic) (Moroe 1985). The flavour development in home-made tempe was temperature
dependent. The flavour of t e m p fermented at 31°C included the original soya bean components and
newly formed 3-methylbutanal, 3-methylbutanol, 2,3-butanediol, acetoin, acetic acid, methylcarbitol
and iso-valeric acid. Comparatively, tempe fermented at 38°C had a stronger odour than the product
fermented at 31°C. The G L C chromatogram showed a strong decrease of original soya bean comTable 7. Fate of phytic acid during t e m p manufacture (mg/g dry weight: references in brackets)
Phytic acid
Soya beans
Raw
Soaked
Steamed
Tempe
After storage
40 hours
2 wks 5°C
Groundnut
Raw
Tempe
Lablab beans
Steamed
Tempe

Other inositol
phosphates

10 (2b14 ( I )
16.9 (2)
1.23 (lb14.8 (2; 4)
0.96 (1k7.0 (2; 4)

Phytate-P

Inorganic P
0.34 (4)

4.17 (4)
1.96 (4)

0.04(4)
0.94 (4)

3.6 (2)
1.8 (2)
14 (3) 1OO'Yo (5)
l(3)
5Y" (5)

15"/11( 5 )

0.3 (3)
49% (5)

19 (3)

1oOo/u (6)
70% (6)

References: I , Winarno & Reddy (1986); 2. Sutardi & Buckle (1985b); 3, Fardiaz & Markakis
(1981a);4, Sutardi & Buckle (1985a);5, Fardiaz (1980);6, Martoyuwono (1985).
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ponents, and was dominated by 3-methylbutanol, acetoin, tetramethylpyrazine, 2,3-butanediol and
iso-valeric acid (Moroe 1985).

7. Nutritional quality
In uiuo tests with animals are frequently used to evaluate the bio-availability of nutrients. Protein
utilization measured as Protein Elliciency Ratio (PER) and the digestibility of cooked soya bean,
groundnut or lupine seeds are hardly improved by fermentation into tempe (KO & Hesseltine 1979;
Winarno & Reddy 1986). Although some slight improvements were reported (Wadud et al. 1986;
Bhavanishankar et al. 1987), most recent work (Girija Bai et al. 1987; Wang 1986; Zamora & Veum
1988; Agosin et al. 1989) confirms that rats d o not utilize protein from tempe any better than from
the cooked substrate. It was reported that mixed soya bean/groundnut tempe gave better Net Protein
Utilization (NPU) and PER than soya bean tempe (Girija Bai et al. 1975; Winarno & Reddy 1986).
There was insufficient information to relate this to either the fermentation, or to a more favourable
amino acid profile in the soya bean/groundnut mixture.
Bio-availability of minerals was also evaluated by in uiuo rat feeding tests. From soya bean tempe,
zinc availability was 1 . 2 2 ~better than in boiled beans (Moeljopawiro et al. 1988). Iron bioavailability was tested in Leucaena tempe but the results were inconclusive because of the interfering
effects of mimosin, a toxic amino acid occurring naturally in Leucaena leucocephala (Astuti et al.
1989).
In rats, a reduction of 6&70% of the serum cholesterol level was caused by a 20% inclusion of
tempe in the diet (Karyadi 1985). The hypocholesteraemic effect was supposedly attributable to lecithin, niacin, sitosterol and unsaturated fatty acids in tempe.
Tempe is easily digestible and is even tolerated by patients suffering from dysentery and nutritional
oedema (KO& Hesseltine 1979). Nutritional rehabilitation of chronic diarrhoeal children with tempebased (58% tempe; 79 patients) and milk-based (12.5% skim milk; 32 patients) formulas, was evaluated. Recovery from diarrhoeal disease was reported to be faster (Mahmud et al. 1985) with the
tempe-based formula and resulted also in better weight gain, immunological values and increase of
haemoglobin (Karyadi 1985). The Research and Development Centre for Nutrition at Bogor Indonesia developed low-cost TFR formula (mixtures containing 30% tempe, 9-100/0 fish, 30% rice, 25-27%
sugar and 4 5 % groundnut oil) for infants of 6 1 2 months and children with protein energy malnutrition (PEM) (Winarno & Reddy 1986).
The presence of vitamin B12 receives much attention since particularly in vegetarian diets tempe
could play an important role as a non-animal source of this vitamin. Although there is still inadequate information on vitamin B12 requirements in humans, a daily requirement of 0.1-1.0 pg for
adults has been suggested (Anon. 1988). Indonesian tempe contained 0.7 pg/lOO g which increased to
8
g during storage (Okada et al. 1983). US pasteurized tempe contained 0.12 pg/lOO g and
tempe-burger O . O M . 1 1 &lo0 g which decreased during storage (Truesdell et al. 1987). Such quantities imply that a moderate daily consumption of tempe would fulfill the daily requirements.
However, most investigators measured vitamin B12 content by microbiological assay with Lact.
leichmannii. Results of the Lact. leichmannii test are influenced by absence or presence of cyanide,
presence of pseudovitamin B 12, analogues of vitamin B 12, thymidine and other desoxyribonucleosides (Truesdell et al. 1987). Herbert et al. (1984) found 0.033 pg of growth activity for Lact.
leichmannii/lOO g tempe, all of which was resistant to boiling in alkali and thus not vitamin B12.
Chemical assays using radio-isotopes and intrinsic factor, or alternative bio-assays (Ochromonas
malhamensis) were suggested to quantify ‘true’ vitamin B12 activity (Truesdell et al. 1987). Lacrobacillus leichmannii is an easier organism to work with than 0. rnalhamensis, but the former responds
to both ‘true’ and ‘pseudo’ vitamin B12 (Steinkraus 1985b). When 0. rnalhamensis was used it was
found that only a small fraction of vitamin B12 detected in tempe with Lact. leichmannii was ‘true’
vitamin B12 (Suparmo 1988). Specker et al. (1988) found that tempe contained only negligible
amounts of vitamin B12 (0.05 pg/lOO g) when a radio-immunoassay with purified hog intrinsic factor
was used. Herbert et al. (1984) used radio-immunoassays with intrinsic factor and R-binder, and
found only 0.002 pg/IOO g vitamin B12 and 0.013 pg/100 g vitamin B12 analogues. Likewise, Van den
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Berg et al. (1988) could not detect vitamin B12 in tempe by a radio-assay method with pure intrinsic
factor as a binder. However, vitamin B12 in nori (seaweed) with a high content of 68 pg/lOO g
(measured both with Lact. leichmannii and radio-assay tests) did not appear to be biologically available to vitamin B12 deficient children (Van den Berg et al. 1988). Thus, it is not certain that radioassays with intrinsic factor give a reliable indication of vitamin B12 activity. It is therefore important
to investigate further the assay methods and the bio-availability of vitamin B12 in non-animal products.

8. Versatility

The principle of the tempe process is suitable for the modification of a variety of substrates into
acceptable products. These were shown in Table 1. The versatility of the tempe process will certainly
facilitate its increased use in various regions, using locally preferred raw materials.
In order to inform workers from other tropical countries about the traditional production and uses
of tempe a 44 month applied research and training course on tempe was organized in 1986 in Bogor
by the Nutrition Research and Development Center under the auspices of the United Nations University (Mahmud 1987). As part of their programme, the participants from Asia and Africa evaluated
the tempe process for processing of raw materials from their home countries, including mungbean
and its residues, cowpeas, maize/soya mixtures, winged beans, ogi, sorghum/soya mixtures, peas and
cassava.
There are also interesting prospects for industrial applications of this solid-substrate fermentation,
e.g. upgrading the protein content of predominantly starchy substrates (Mitchell et al. 1988a), and
production of, for example, ‘natural’ flavour concentrates and physiologically active compounds.
These are all exciting possibilities and it may be expected that tempe research will increasingly shift
towards the molecular level, i.e. the biochemical modifications and their products.
In view of the increasing use of novel, non-soya bean substrates, there is one aspect which needs
immediate attention. Although there has never been a report of food poisoning, or aflatoxin contamination in soya bean tempe (KO & Hesseltine 1979; Winarno & Reddy 1986), strains of R. chinensis, R.
formosanensis, R. japonicus, R. jauanicus, R. microsporus, R . nigricans, R . oryzae, R . rhizopodiformis
and R. tonkinensis were found to be toxic towards ducklings when grown for 21 d on maize meal
(Rabie et al. 1985). Of these strains, R. microsporus and R . chinensis were acutely toxic to rats, and R .
oryzae strains caused growth retardation. In R. microsporus the formation of the toxin Rhizonin A
was detected. When grown on soya beans the toxicity of the tested strains was much lower. The R.
oligosporus strain tested (MRC 3193) killed one of four ducklings when grown on maize, but none of
four ducklings when grown on soya beans. Also, R. oligosporus is considered to be a potential human
pathogen because of its ability to grow at 37°C (Scholer et al. 1983). The potential pathogenicity
could be expressed after inhalation of sporangiospores. There is no information about the i n uiuo
effect of inhaling R . oligosporus. The report of Rabie et al. (1985) is the only of its kind. There have
been no reports of poisonings other than from tempe bongkrek, but clearly, to be on the safe side
more toxicological screening of Rhizopus strains grown on various substrates will be desirable.

9. Challenges

We expect an increasing international interest in tempe technology and an increasing consumption.
The increase in worldwide need for cheap protein can be met only with proteins from plant sources,
e.g. soya bean. This protein source is not readily consumable, and even though PER and digestibility
are not greatly improved, the fermentation produces an attractive product from sensory, health and
economy points of view.
Priority areas of research concern its safety and health aspects. Technology transfer must be
founded upon a guaranteed wholesome product. Some experiences in rural Africa have been reported
(Djurtoft 1985). Also, universities and research institutions in the developing world assess new products and local applications e.g. as high-protein ingredients in nutrition intervention programmes. It

T e m p e research

629

is imperative to understand and control the non-sterile process in such a manner that food infections
or intoxications are ruled out. Human in uiuo tests are definitely required to clarify several nutritional
and pharmacological issues raised earlier in this paper.
Another important research area which appears to be lagging behind concerns the process engineering aspects, including study and mathematical modelling of fungal growth kinetics, heat and mass
transfer limitations, material balances (dry matter loss reduction) and energy requirements.
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