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During the traditional Indonesian tempe manufacturing
process, spontaneous and
uncontrolled fermentations of soyabeans take place during the soaking stage prior to
fungal fermentation. Often, such fermentations result in an acidification of the beans.
A comparison of industrial tempe processes suggested that fermentative acidification
during soaking inhibits the multiplication
of spoilage causing bacilli. The acidification during soaking could be controlled by recycling part of the soak water from a
previous batch as an inoculum, resulting in a soak waterpH of4.1-4.9 depending on
soaking temperature and recycling rate. Soaks at 19°C and 25” C were dominated by
Lactobacillus plantarum. Isolates of L. plantarum added as an inoculum to freshly
started soaks were able to acidify the beans topH 5 4.30 yielding tempe ofgood quality
in which bacilli and Enterobacteriaceae
could not be detected. Yeasts, notably
Saccharomyces dairensis, present in soaks at 19°C and 25”C, did not contribute to the
acidification
and could not prevent early spoilage of tempe. Pediococcus spp.
dominated soaks at 37”C, and though able to acidify soyabeans, inhibited the growth
of Rhizopus oligosporus; hence no tempe could be formed. Our findings indicate that a
simple recycling process can result in predictable acidification
during soaking of
soyabeans, contributing
to the shelf-life and safety of tempe.
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Fig. 1. Manufacture of tempe and factors influencing its microbiological composition. I-V:
processing stages indicated in Figure 3.

water overnight at 25”C-30°C results in
spontaneous
fermentations.
Whereas
these uncontrolled
fermentations
may
achieve acidification
to approx pH 4.5
(Ko and Hesseltine 1979), we found that
this souring may be delayed or remain
absent in an unpredictable
way.
It was probably for this reason that it
has been recommended
earlier (Steinkraus et al. 1965) to soak the beans in
e.g. dilute lactic acid in order to obtain
pH values of 49-5.0 prior to the fungal
fermentation
stage, thereby preventing
the growth of spoilage causing microorganisms.
Little evidence for this inhibition
in

tempe made from acidified beans has
been published; on the other hand, it was
reported
(Tanaka et al. 1985) that
several pathogenic bacteria could grow
well during the manufacture
of tempe
from unacidified soyabeans.
Tempe technology meets an increasing
interest in developing countries as a
small-scale method to derive nutritious
food from locally available legumes and
cereals. In such circumstances,
pH
adjustment
of beans by acid addition
would necessitate food-grade chemicals
and pH control.
Alternatively,
we investigated
the
possibility
of optimizing
and stabiliz-
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ing the fermentative
soyabeans by using
water as an inoculum.

acidification
of
part of the soak

Beans
(1 pt)

Beans Tapwaier
(I pt) (3 parts)
i-.
i
soaking
PC. 24 h

soaked
beans
+
tempe

Tapwater
(3-x pts) 1

soak (x pts)
water
manufacture

Methods
Tempe manufacture
Dry abrasion-dehulled yellow var. soyabeans
(1 kg) kept at -20°C to avoid insect infestation, were rinsed twice with 11 1 tapwater of
45”C, drained and soaked either (a) for spontaneous fermentation in 3 1 tapwater of 45°C
in an incubator at 25°C for 24 h, or (b) using
the recycling procedure (below).
After draining the soak water, the beans
were rinsed twice with 111 tapwater of 25°C
brought to the boil in 3 1 fresh tapwater and
boiled for 20 min. In order to simulate
manufacturing practice, no attempts were
made to work under aseptic conditions, thereby allowing the cross-contamination
of
cooked beans. To this effect, after draining
and discarding the boiling water, the hot
beans were immediately spread in a layer of
approx 1 cm thickness on a wire-mesh and
turned twice to facilitate the evaporation of
adhering water. After approx 20 mins the
beans were hand-dry and cooled to 2W-25°C
and were transferred into a container and
mixed with 10 ml spore suspension. This
spore suspension was obtained by adding 9 ml
peptone saline each to 2 malt extract agar
slant cultures of Rhizopus oligosporus NRRL
5905 which had been incubated at 30°C for 1
week, followed by scraping off the spores.
After inoculation, 30-50 g beans were
stiffly packed into a 9 cm diam Petri dish with
4-5 perforations of 0.5 mm diam. in bottom
and lid and incubated at 30°C for 45 h,
yielding fresh tempe.
The assessment of tempe quality for accetability was based upon exterior colour, texture, odour and evenness of mycelial penetration into the centre of the cake, as judged by
an expert panel in accordance with guidelines
for good quality (Nout et al. 1985).
Recycling procedure
Soaking of soyabeans with recycling was
carried out as in Figure 2, at soaking temp (t)
14”, 19, 25”, 30”, 37”, and 45°C. Recycling
rates (x) of 1 and 0.1 were used, so that 25%
resp. 25% of a soak consisted of soak water
from the previous batch. Usually, recyclings

Fig. 2. Principle of soaking process with soak
water recycling.
were carried out every 24 h. Occasionally,
soak water was kept at 4°C until used again
as an inoculum.
Microbiological
analysis
The following media were used: total viable
count: plate count agar (PCA); total count of
bacteria: PCA with 200 ppm cycloheximide
cacti-dione); Entkrobackriuceae: violet red
bile glucose agar (VRBG) with overlay; lactic

acid bacteria: Rogosa agar with overlay for
selective counting, or MRS agar with overlay

for samples containing only lactic acid bacteria. For identification of microbial isolates,
fi or at least 10 colonies were isolated from

appropriate counting plates, and purified on
PCA (bacteria), MRS agar (lactic acid bacteria), or malt extract agar (yeasts and
moulds). Identification followed established

descriptions of bacteria (Buchanan and Gibbons 19741, yeasts (Kreger-van Rij 1984) and

moulds (Samson et al. 1984). In addition,
descriptions of lactobacilli (Rogosa and
Sharpe 1959) and pediococci (Tanasupawat
and Daengsubha 1983) were used.

Results and Discussion
During the investigation
of industrial
tempe manufacturing
processes, we
observed that fermentative
acidification
during the soak influenced the microbiological composition in later processing stages and in the final product.
Figure 3 summarizes different industrial processes: (A) where the soak was
started with addition of some soak water
from a previous batch; and (B) where
each soak was started with fresh water
in a cleaned vessel.
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Fig. 3. Microbiological composition and pH during industrial tempe processes. (a): process
with inoculated soak; (b): process with soak for spontaneous fermentation. I-V: processing
stages indicated in Fig. 1; b = bacteria log cfu!g; f = yeasts and moulds log cfu/g; n.d. = not
determined; 1 = Enterobacteriaceae; 2 = Chromo-IFlavobacterium; 3 = Pseudomonas; 4 =
unidentified Gram-negative rodshaped bacteria, 5 = Lactobacillus; 6 = Aero-/Streptococcus, 7
= Bacillus; 8 = Micrococcus; 9 = Staphylococcus; 10 = Candichz; 11 = Cryptococcus; 12 =
Hansen&a; 13 = Rhoa!otoruEa, 14 = Sacchuromyces; 15 = Torulaspora; 16 = Cludosporium; 17
= Geotrichum; 18 = Mucor; 19 = Penicillium; 20 = Rhizopus.

Process A was characterized
by a
significant acidification
(soak water pH
4.3) dominated by lactobacilli, whereas
only slight or no acidification took place
in process B with a soak dominated by
Gram-negative
bacteria, mainly Enterobacteriuceae.

In both processes, yeasts were present
in the soak water as well.
After cooking, the beans are usually
cross-contaminated
through
handling,
equipment, etc. Whereas such contaminations could be demonstrated
in both
processes, undesirable outgrowth of ba-

Controlled
cilli was significantly
reduced during
process A as compared to process B.
In laboratory experiments,
the influence of the parameters x (recycling rate)
and n (number of recyclings) on the
microbiology of the soak and later stages
of the tempe process were investigated at
various soak water temperatures
using
the recycling soak procedure shown in
Fig. 2.
At all tested temperatures,
repeated
recyclings resulted in a steady state
acidification as illustrated by Fig. 4. The
average final pH values of the soak
water obtained during such steady state
conditions are presented in Table 1.
With spontaneous soaks (Fig. 4: n = 0)
no acidification
was achieved. This is a
situation
comparable
with the slight
acidification observed in process B (Fig.
3). At 19”C, a significant and predictable
acidification
was obtained after 4 recy-
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clings. The extent of acidification depended on the soak water temperature
and
the recycling rate; as shown in Table 1,
30”-37°C yielded the lowest pH values.
Due to the dilution
effect, the low
recycling rate (x = O-1) caused a greater
amplitude of the pH fluctuation as compared to the higher rate (x = 1) as shown
in the inset of Fig. 4. Small differences
were observed between the final pH
values obtained at both recycling rates
(Table 1) which, if at all significant, may
be attributed
to the combined effects of
temperature
dependent
growth rates
and dilution (recycling) rate.
Our investigation
of industrial
soaks
had identified lactic acid bacteria, Enterobacteriaceae and yeasts as the most
likely to dominate the soak water flora.
The presence of these groups of microorganisms was monitored
at different
temperatures,
recycling rates and num-
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Fig. 4. Influence of n (no. of recyclings) on the final soak water pH. Inset: effect of x (recycling
rate) on soak water pH fluctuation. * = pH at start of first soak.
Table 1. Influence oft (soak water temp) and x (recycling rate) on final soak water pH
Mabilized situation).

t (“C)
x=1
x = O-1

14

19

25

30

37

45

4.92

4.38
4.53

4.20
4.20

4.13

4.23
4.12

4.27
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Fig. 5. Influence of t (soak water temp), x (recycling rate) and n (no. of recyclings) on the

selection of soak water microflora. 1 = lactic acid bacteria (log cfu/g); y = yeasts (log cfu/g); e =
Enterobacteriaceae
(log cfu/g); 1 = Leuconostoc mesenteroides; 2 = Lactobacillus
brevis; 3 = L.
buchneri; 4 = L. coprophilus;
5 = L. fermentum;
6 = L. acidophilus;
7 = L. casei; 8 = L. casei
ssp. alactosus; 9 = L. casei ssp. pseudoplantarum;
10 = L. coryniformis;
11 = L. plantarum;
12
= L. salivarius;
13 = Streptococcus spp.; 14 = Pediococcus spp., 15 = Candida sake; 16 =
Saccharomyces
dairensis;
17 = yeast sp.

bers of recyclings and is presented in
Fig. 5.
In similarity with the industrial inoculated soak (Fig. 3, process A), Enterobacteriaceae either formed an insignificant
minority or were absent in the acidified
soak water.
Although the acidification
reached a
steady state after 4 recyclings as judged
on the basis of final soak water pH, Fig. 5
shows that the process of microbial selection is considerably
slower. From the
diversity of species detected after 15
recyclings, 50% or less were recovered
after 61 recyclings together with some
species that had not been found earlier.
Similar
long-term
natural
microbial
selection processes were observed during

the maturation
of sourdough starters
(Nout and Creemers-Molenaar
1987).
In addition to the progressive number
of recyclings,
the combined effect of
temperature,
dilution rate and pH fluctuations (the latter both determined by
the recycling rate) played a role during
the microbial selection. Of the lactic acid
bacteria, Lactobacillus
plantarum
tended to dominate at 25°C and at 19°C. At
37°C however, Pediococcus spp. formed
the majority. Yeasts, mainly Succharomyces dairensis
grew well at 19°C and
remained a significant component of the
microflora
at recycling rate x = 1.
However, their lower count at x = 0.1
suggests that their growth rate at this
temperature/pH
combination
might not

Controlled

soyabean

acidification

Table 2. Influence of soaks inoculated with Lactobacdhs
omyces dairensis on characteristics
and microbiological
tempe.

Control
(spontaneous)

Acceptability

PH
Enterobacteriaceae
Bacillus spp.

Lactic acid bacteria
Yeasts

for tempe

phtarum
composition
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and Sacchar(log cfu/g) of

Soaks inoculated with:
L. plantarum

S. dairensis

Soak

Tempe

Soak

Tempe

Soak

Tempe

5.55
8.38

4.30
2.48
9.99

6;s
Cl.7
Cl.7
6.50

6.00
7.65

8.56

iz
8.13
8.07
7.01

nd.

n.d.

n.d.

n.d.

:33
8.00
8.50
8.90
6.93

n.d.b

n.d.

n.d.
6.55
6.83

* + = excellent, +- = fair;
b n.d. = not determined.

suffice to prevent a wash-out at this
dilution rate in the long run.
At 25”C, S. dairensis and other yeasts
present at n = 15, had disappeared at n =
61 with x = 1 but remained at x = 0.1.
Since the growth rate of S. dairensis at
25°C appears adequate to cope with the
dilution rate at x = O-1, we suspect that
the low pH becomes a limiting factor at
this temperature. The larger pH fluctuations at x = 0.1 might still facilitate
growth, in contrast to the continuously
low pH levels at x = 1.
The effect of the micro-organismi
dominating the long-term soaks, L.pZantarum, Pediococcus sp. and S. dairensis
on the quality and microbiological
composition of tempe, was investigated using
the process aimed at simulating
industrial conditions.
Pediococcus sp. inhibited the growth of
R. oligosporus to such an extent that no
tempe could be obtained. The nature of
this inhibition,
which might be similar
to that observed earlier (Steinkraus et
al. 1965) with Lactobacillus brevis inoculated soaks, was not investigated.
The effect of L. plantarum
and S.
dairensis is presented in Table 2. In the
control process initiated by a soak for
spontaneous fermentation,
domination
by Enterobacteriaceae
and lactic acid
bacteria was observed and some acidifi-

cation occurred which was however not
adequate to prevent the multiplication
of
Enterobacteriaceae
and Bacillus
spp.
during the tempe fermentation.
The
final product was only of fair acceptability due to a musty off-odour.
Similar soaks inoculated at the start
with 7 log cfulg of a L. plantarum isolate
achieved soak water with pH 4.3 in
which Enterobacteriaceae
were present
as a minority only. The final tempe was
of excellent quality and did not contain
detectable levels ofEnterobacteriaceae
or
Bacillus spp.
On the other hand, soaks inoculated
with 6 log cfu/g of a S. dairensis isolate
failed to acidify despite good yeast
growth,
and contained
numbers
of
Enterobacteriaceae
similar to the control.
The obtained
tempe
was of fair
quality
mainly
because of its disagreeable smell.
It is concluded that a simple recycling
process can result in a predictable acidification during the soaking of soyabeans.
Domination of L. plantarum
during the
soaking stage followed by their outgrowth during the tempe fermentation
tend to contribute to the acceptability
and safety of the final product by suppressing Enterobacteriaceae,
Baccillus
and possibly other pH-sensitive microorganisms.
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