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ABSTRACT

CERTAIN CHEMICAL AND NUTRITIONAL ASPECTS
OF SOYBEAN TEMPE

By

Slamet Sudarmadji

Tempe was prepared from soybeans and a pure culture

of Rhizopus oligosporus. Scanning and transmittance

electron micrographs of tempe showed some disruptions of
the soybean cell walls and penetration of the mycelium into
two layers of cotyledon cells.

Based on the liberation of free fatty acids, micro-
bial growth and organoleptic changes, the tempe fermentation
may be differentiated into three phases: (I) Rapid phase
(0-30 hr.), (II) Transition phase (30-60 hr.), and (III)
Deterioration phase (beyond 60 hr. of fermentation). It
is believed that primarily the contaminating sporeforming
bacteria were responsible for the deterioration of tempe.

Frying of tempe in coconut 0il resulted in a
migration of some free fatty acids, but not glycerides,
from tempe into the frying oil.

Based on the TBA test and organoleptic evaluation,
fried tempe, stored for 1.5 months, at room temperature, in

bags containing air, did not deteriorate.
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The phytic acid content of soybeans decreased from
1.4% to 1.0% as a result of the tempe fermentation. A
strong phytase activity was detected and measured in the
tempe and the tempe mold. The pH optimum of this phytase
was 5.6 and the Michaelis constant was 0.28 x 10—3M.

There were no statistically significant differences
in the Protein Efficiency Ratio values (AOAC procedure)

between fried soybeans, fried tempe and fried, sesame-

supplemented tempe at the 10% protein level in the diet.
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INTRODUCTION

In recent decades the explosive growth of world
population, the accelerating depletion of natural resources,
and the severe food scarcity in large areas of the world
have placed new emphasis on the production, storage,
transportation, processing, preservation and distribution
of foods, as well as on the study of their nutritional
qualities.

According to the Food and Nutrition Board, National
Academy of Sciences, National Research Council, the
recommended daily dietary allowance for adult American male
is 2800 Cal. and 65 g of protein. For small bodied South
East Asian people, working manual labor in 25°C climate,
FAO has computed at between 1625-1821 Cal. per person per
day, and minimum crude protein requirement is 24.5 g
(Latham et al., 1972; Clark, 1972). Meanwhile for a
slightly bigger East Asian adult man (body weight 55 kg),
joint FAO/WHO expert groups computed at 2530 Cal./day
(FAO/US HEW, 1972). For women the caloric requirements are

about 25% less.



The Food Consumption Table compiled by FAO (1971)
from 132 countries, has revealed that Ireland and New
Zealand are two countries with the highest average calorie
and protein consumption in the world, 3455 and 3454 Cal.
and 91.5 and 109.6 g protein per capita per day, respec-
tively. On the contrary, the Indonesian people consumed
the least food in the world with only 1760 Cal. and 38.4 g
protein per person per day, which stand at the precarious
border of hunger even by the South East Asian standards.
Furthermore, Table 1 shows that most of the foods consumed
by the Indonesians originate from plant materials.

Table 1l.--Calorie, protein and fat consumption per capita
per day in Indonesia (FAO, 1971).

Calorie Protein Fat

(total) (9) (9)
Vegetable 1714 (97.4%) 33.2 (86.5%) 20.4 (89.5%)
Animal 46 ( 2.6%) 5.2 (13.5%) 2.4 (10.5%)
Total 1760 (100%) 38.4 (100%) 22.8 (100%)

For comparison, Table 2 shows the calorie, protein
and fat consumption in some selected countries. The
protein and calorie malnutrition may be critical to child
development. Besides the well known kwashiorkor and
marasmus syndrome, protein deficiency more importantly
will affect the brain development especially in fetal and

early life of a child. Besides zinc and vitamin B6,



Table 2.--Per capita daily consumption of calorie, protein
and fat in selected countries* (FAO, 1971).

Protein (g) Fat (g)
Country Cal/day per day per day
Afghanistan 2057 65.4 26.0
Albania 2366 71.3 39.1
Argentina 2885 90.2 105.6
Australia 3130 90.9 129.2
Bolivia 1765 45.8 33.9
Brazil 2541 63.9 51.3
Burma 2011 44.1 30.5
Canada 3142 94.5 141.4
China 2045 58.2 31.2
Columbia 2192 50.1 47.3
Congo 2160 39.8 37.5
Cuba 2501 62.8 43.7
France 3108 98.2 136.6
Germany (East) 3040 76.4 129.0
Germany (West) 2927 80.1 133.8
Greece 2901 97.7 94.8
Honduras 1930 48.6 37.6
Iceland 2899 98.8 131.6
India 1964 50.6 28.2
Indonesia 1760 38.4 22.8
Iran 2029 55.2 39.0
Ireland 3455 91.5 135.8
Japan 2416 72.4 41.3
Malaysia 2200 49.4 40.8
Mexico 2624 66.5 58.2
Mongolia 2538 92.9 81.7
New Zealand 3454 109.6 154.0
Pakistan 1995 49.6 28.6
Philippines 1911 43.8 31.4
Saudi Arabia 2082 56.2 29.9
Singapore 2443 63.3 48.9
Taiwan 2379 58.7 45.2
Thailand 2226 50.9 27.3
UK 3233 88.6 141.9
USA 3156 93.7 148.0
USSR 3182 92.2 74.5

*Figures do not include beverages.



proteins act as the backbone of lipid incorporation in the
brain, and therefore a protein deficit will cause a longer
lasting deleterious effect on the brain than a transient
deficit in essential fatty acids and calorie.

The critical period for brain development in man
begins with the second half of fetal life and ends about
18 months after birth. Apathy of the children is one of
the most constant signs of protein-calorie malnutrition; the
loss of curiosity and the lack of desire for exploration,

a progressive withdrawal from the environment are other
symptoms of acute protein deficiency (Cheek, 1968; Muralt,
1972; O'Neal et al., 1970; Anonymous, 1972).

The provision of adequate proteins and nutritious
foods for the people is of prime importance for the present
and future generations. Besides the promising source of
food from the ocean, it is obvious that foods from plant
origins play a very important role in the diet of Indonesians
as well as the peoples from other developing countries,
because of their immediate availability and traditional
acceptance. One of the most promising plant foods is soy-
beans due to its acceptability (especially in the Orient)
and the source of good quality proteins. The protein, fat,
carbohydrate and ash contents of soybeans are presented in
Table 3.

Protein analysis of soybeans (Table 6, p. 24) shows
the composition of amino acids which contains all the

essential amino acids, i.e., Lysine, leucine, isoleucine,



Table 3.--Soybean composition, % on moisture-free basis
(Cowan, 1969).

Assayed Protein (Nx6.25) Fat Carbohydrate Ash
Whole bean 40 21 34 4.9
Cotyledon 43 23 29 5.0
Hull 8.8 1.0 86 4.3

methionine, phenylalanine, threonine, tryptophan and valine.
Methionine is present in relatively low concentration.

A plant protein may be utilized by humans best when
it is consumed directly without converting it into animal
protein. Through conversion, soybeans yield about 43 lbs
of edible animal protein per acre, while through direct
consumption they yield about 600 1lbs of protein per acre
(Spaeth, 1974).

Through the advancement of soybean technology, it
is feasible now to convert soybeans into many kinds of
products which have higher acceptability as food than the
unprocessed soybeans. Many soybean base products are
already available in the market and others are being
developed. The Figure 1 shows the varieties of soybean
base products.

The Association of South East Asian Nations (ASEAN)
on their meeting in Jakarta has recognized the importance
of soybeans as food and recommended "further studies to

improve soybean processing techniques to overcome protein
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deficiency problems" (The Strait Times of Singapore,

May 10, 1974). Soybeans are widely cultivated in South
East Asia and already play an important part of people diet
for centuries. The largest soybeans producer among the
ASEAN members is Indonesia, which is also the fifth largest
soybean producer in the world after the USA, China, Brazil,
and the USSR (United Nations, 1974, Table 4).

Some of the new soybean products such as textured
soy protein, simulated meat etc., require a high degree of
technological know-how and big capital inputs which are
lacking in most developing countries at the present time.
Therefore traditional soybean fermentation processes which
require only simple equipment and can be done at the village
level, are the most feasible answer. Sufu, Hamanatto,
Shoyu, Miso and Tofu are soybean products of China and
Japan, while Tempe and Kecap are products of Indonesia
which owe their popularity to the simplicity in processing
and better acceptability as foods and condiments than the
plain unfermented soybeans.

Tempe has been one of the most important traditional
foods in Indonesia for centuries. However, the traditional
village-type of tempe fermentation process lends itself to
some improvements, such as in the area of sanitary con-
ditions, the use of a desirable and purified mold culture
stocks and finding a way for simple preservation methods
for a delayed consumption time. The implementation of

those improvement programs will require a tedious education



Table 4.--Soybeans production; in thousand metric tons (United Nations,

1974).

Country 1966 1967 1968 1969 1970 1971 1972
WORLD 39,084 40,709 43,997 45,180 46,525 48,680 53,289
Argentina 18 21 22 32 27 59 78
Australia 1 1 1 1 6 9 26
Brazil 595 716 654 1,057 1,509 2,218 3,666
Canada 245 220 246 209 283 280 375
China 10,970 11,100 10,670 10,920 11,580 11,680 11,500
Colombia 52 80 101 100 926 83 80
Hungary 1 0.0 0.0 0.0 0.0 0.0 0.0
Indonesia 417 416 420 389 498 475 515
Japan 199 190 168 136 126 122 127
Khmer Rep. 7 8 4 9 4 2 3
Korea, Dem,

People's Rep. 215 225 240 225 228 230 235
Korea,

Republic of l6l 201 245 229 232 222 224
Mexico 95 106 275 266 280 250 366
Nigeria 52 60 54 62 58 63 63
Paraguay 20 18 14 22 30 74 128
Romania 20 41 47 51 91 165 186
South Africa 3 4 4 7 3 3 4
Thailand 38 53 45 6l 50 54 56
Turkey 5 6 9 11 12 11 13
USSR 586 543 528 434 604 535 580

United States 25,270 26,575 30,127 30,839 30,675 32,006 34,916

Viet-Nam, Dem.
Rep. of 14 17 17 18 19 19 19

Viet-Nam, Rep. of 8 6 7 6 7 8 7
Yugoslavia 11 9 3 5 5 4 6







efforts in health and nutrition for the people, a favorable
economic condition to acquire an improved new technique

and most be supported by research and experiments in
chemistry and preservation technology. One alternative for
improvement is a centralized tempe fermentation plant, by
setting up modern and scientifically controlled plants in
some key locations. At this time, however, the e¢x.ent of
the impacts of this endeavor must be carefully studied to
the employment and the livelihood of many small traditional
tempe producers.

This present study on tempe is only one small part
of tlh'e never-ending assignments of scientific quest and
better understanding of our food for more efficient utili-
zation of this limited resource. On his essay review,
Hudson (1974) wrote that lipid is the first group of the
major naturally occurring bulk organic compounds, which
yields the battery of elegant techniques, especially gas
chromatography, providing an analysis with a more precise
result in a few hours.

Lipids are the key to many biological processes,
whether they are chloroplasts or erythrocytes, or the
structure of brain and nervous sytems. In the preservation
of foods, lipids play an important role also. The
development of off flavor during storage or processing of
foods has been attributed to the degradation of lipids,

either catalyzed by enzymes or initiated by air oxydation.
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It is now recognized that oils and fats play a far more
important role than merely as sources of energy.

Nutrition aspects besides the aesthetic, pleasing
properties and wholesomeness are of prime importance in
foods and should serve as the main objective directly or
indirectly in food research. In this study, the tempe
fermentation is explored, especially on its effect to the
lipids, protein and phytic acid. Phytic acid has drawn
much attention in the last few years because of its metal
binding properties capable of inducing trace element
deficiencies in human and animals.

The tempe fermentation has been proven to improve

the nutritional value of soybeans. Hopefully, this present

study will contribute to the understanding of tempe fer-
mentation and thence the appreciation of this ancient and

remarkable fermentation practice.



REVIEW OF LITERATURE

Tempe (tempeh) is an Indonesian food generally made

from soybeans fermented with Rhizopus oligosporus Saito and

other Rhizopus species. It is a cake-like solid mass of
soybeans held together by mold mycelia, whitish in color
and never eaten raw but usually cooked as soups, deep fried
in 0il or fried as chips.

This fermented soybean food is eaten by millions of
people in Indonesia and Surinam, and some tempe is manu-
factured in Holland. Hesseltine (1965) reported that tempe
is highly acceptable to Americans and Europeans.

For cheap substitution of soybeans or simply as
another variation of tempe, copra cake (bungkil, bongkrek)
can be used solely or mixed with soybeans. The fermented

product is known as tempe bongkrek. Other types of tempe

such as tempe koro made from Phaseolus beans, tempe gembus

-

made from soybean curd (tofu)(&&gg)are also popular.
Another product similar to tempe called oncom is
made from pressed peanut cake (as peanut oil by-product)
and fermented with Neurospora sp., has a yellowish pink
color rather than whitish as in tempe (Steinkraus et al.,

1965a).

11
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Hesseltine et al. (1967) successfully introduced
new fermented tempe-type products prepared from wheat, oat,
rye, barley, rice and a combination of rice or wheat with
soybeans. The new products possess a very pleasant odor, a

desirable color and a very acceptable mild taste.

Village-type preparation of tempe

Dry soybeans are soaked overnight in tap water and
then placed in a bamboo basket at the edge of a stream so
as to float the seed coats away while the beans are trod on
with the feet. The dehulled beans are then boiled without
pressure in excess water for half an hour. The beans are
removed from the cooking water thoroughly drained and
cooled.

After cooling and draining, the beans are inoculated
with spores of Rhizopus strains. The inoculated beans are
tightly packed and wrapped in banana leaves about 1 cm
thick, in various shapes and sizes. The banana leaves are
believed to contribute to a desirable flavor. Some forms
of tempe are fermented in bamboo cylinders.

The Rhizopus inoculum is taken from pieces of a
previous fermentation cakes or from the wrapper, and also
commercially available as dry spore preparations on dry

Hibiscus tiliaceus leaves.

Mass production of tempe

Martinelli et al. (1964) reported a method to make

tempe rapidly in large amounts by pure culture fermentation
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in shallow wooden and metal trays with perforated bottoms
and covers. Excellent tempe was also made in perforated
plastic bags and tubes.

For plant-type mass production of tempe, Steinkraus
et al. (1965b) described a pilot-plant process for the
production of dehydrated tempe. The hydrated beans were
passed through a burr mill and the hulls were removed by
floatation with water or through gravity separator. The
hydration was accomplished by soaking the dry beans in
water acidified with lactic or acetic acid to inhibit
bacterial growth overnight at room temperature. The beans
were precooked at 100°C in water, and then drained and
cooled. As the temperature fell to 35-38°C, they were
inoculated with lyophilized tempe mold, three grams per
kilogram of precooked beans. The inoculated beans were
mixed for five minutes in a bowl with a Hobart mixer.
About 3 kg of inoculated beans were spread on a 35 x 81 x
1.3 cm stainless steel tray with 3 mm mesh bottom, covered
with waxed paper to decrease moisture loss and were
incubated at 35-38°C in 75-85% relative humidity for 15-18
hours. Wang et al. (1975) successfully mass-produced

Rhizopus oligosporus spores on rice, combination of rice:

wheat bran or wheat: wheat bran, then freeze-dried and

ground into fine powder for tempe inoculation.
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Tempe mold

Village-style fermentation of tempe is usually done
with impure cultures of molds.
Stahel (1946), Van Veen and Schaefer (1950) and

Steikraus et al. (1960) stated that Rhizopus oryzae Went

and Geerligs is the mold chiefly responsible for tempe
fermentation. Later Hesseltine (1965) isolated 40 strains
of Rhizopus from tempe which could produce an acceptable
product when soybeans were inoculated with these strains
(Table 5).

Table 5.--Strains of Rhizopus species which made acceptable
tempe (Hesseltine, 1965).

Name No. of Strains

Rhizopus oligosporus Saito 25
R. stolonifer (Ehren) Vuill 4
R. arrhizus Fischer 3
R. oryzae Went and Geerligs 3
R. formosaensis Nakazawa 3
R. achlamydosporus Takeda 2

Total 40

Hesseltine concluded that obviously R. oligosporus is the

principal species used in Indonesia for making tempe.

Boedijn (1958) described R. oligosporus as a mold

which can always be isolated from tempe cakes, bungkil

(cattle cakes) and fermenting tobacco.
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General description of Rhizopus (Frazier, 1957).

Systematical classification:
DIVISION: Thallophyta
SUBDIVISION: Eumycetes (true fungi)

CLASS: Phycomycetes (nonseptate)

SUBCLASS: Zygomycetes (sexual spores are

zygospores)

ORDER: Mucorales
GENUS: Rhizopus

Genus Rhizopus has distinguishing characteristics (Figure 2):

1. nonseptate
2. has stolons and rhizoids, often darkening in age
3. sporangiophores arises at the nodes where rhizoids

also are formed

4, sporangia are large and usually black

5. hemispherical columella and cup-shaped apophysis
(base to the sporangium)

6. abundant, cottony mycellium

7. no sporangioles

R. oligosporus can use materials such as xylose, glucose,

galactose, trehalose, cellobiose and soluble starch, soy-
bean oil, but not raffinose. It can use asparagine and
ammonium sulfate as sources of nitrogen. It also produces
a protease and lipase (Wagenknecht et al., 1961 and
Hesseltine, 1965).

Oxygen is essential to the growth of the mold.

Steinkraus et al. (1960) and Martinelli et al. (1964) have
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Figure 2. Rnizopus mold (Frazier, 1957).

demonstrated that when the layer of fermenting beans was
thicker than 2 inches (5 cm) mold growth became less rapid
and less heavy in the center than it was in the thinner
layer. To make a good tempe they recommended that the
thickness should not be more than 3 cm.

To get the right amount of aeration, perforated
metal trays or plastic bags can beused. However, if the
amount of aeration is in excess, the soybeans at the
surface will dry out before mold starts to develop, and
produce undesirable black spores (Martinelli et al., 1964).

The tempe mold grew well at 31-37°C and requires
22-24 hrs. to full fermentation. At temperatures below
30° and above 44°C soybeans fail to ferment properly. The
length of time to full fermentation depends on the temper-
ature of incubation. At 25°C it requires 80 hrs. and at

28°C requires 26 hrs.
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If the pH falls below 3.5 the growth is slow.

Mold growth inhibition

The important step in making tempe is to boil the
dehulled soybeans in excess water and then drain and cool
prior to inoculation. If dehulling and draining are not
applied the mold does not grow well, a lot of spores are
produced and the tempe does not have a pleasant flavor
(Hesseltine, 1965 and Steinkraus et al., 1960).

Hesseltine, et al. (1963) observed that an in-
hibiting substance exists in all 16 varieties of soybeans
tested. This inhibitor must be soluble in water and heat
stable. Another possibility is a growth promoting substance
for bacteria might remain in the soybeans and in turn
restricts the growth of fermenting mold. Addition of
tetracycline to the beans and lack of bacterial evidence
from samples grown on nutrient agar, proves that the latter

possibility is unlikely.

Antibacterial compound

A substance having bacterial inhibiting activity
has been isolated by Wang et al. (1969) from tempe. This
substance, probably consisting of four or five components,
inhibits the growth of some Gram positive and Gram negative
bacteria. This antibacterial substance is produced by

R. oligosporus and behaves like many antibiotics which at

low level stimulate bacterial growth and at higher level

inhibit their growth.
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The antibacterial activity of crude tempe extracts
is rapidly destroyed at room temperature. The isolated
product, on the other hand, is fairly stable to boiling and
in the pH range of 2 to 7. This substance perhaps contri-

butes to the resistance of Indonesian people to diseases.

Nutritional aspects of tempe fermentation

The plain soybeans are almost unpalatable to the
Indonesians, and consumed only in small amount as snacks,
soybean milk (saridele) and bean curd (tofu); soybean
sprouts are also used. Some factors such as the difficulty
to digest in soybeans insufficiently cooked (antitryptic
factors), their undesirable beany flavor and flatulence
which may accompany their ingestion make plain soybeans
unpopular as food. The high phytic acid content in raw
soybeans may also have adverse nutritional effects, by
making certain minerals unavailable to the body. However,
when soybeans are made into tempe, they are easy to digest,
have a pleasant odor, and even they are suitable for people
suffering from dysentry and nutritional edema (Van Veen and
Schaefer, 1950). In 1974, the procedure to improve soybean
flavor was patented in Japan by immersing beans in a liquid
containing a ribonuclease from Rhizopus (Toyo Spinning Co.,
Japanese Patent, 1974). There must be some desirable

changes to the soybeans during tempe fermentation by

Rhizopus mold.
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Gyorgy (1961) studied the tempe nutritionally as
compared to soybean flour and skim milk. After a ten week
feeding period of rats, identical weight gain and equal
protein efficiency were noted for tempe, soybean flour and
skim milk at the 20% protein level. In contrast at the 10%
protein level the PER of plain soybeans was smaller than
that of skim milk, whereas tempe was as good as skim milk.

The superiority in nutritive value of tempe over
the control plain soybeans is significant only at low
protein intakes. Some rats receiving diet containing 10%
protein, all from soybean flour, died of severe massive
hemmorrhagic necrosis of the liver (severe vitamine E
deficiency), and the rest of the rats receiving the same
ration suffered from cirrhosis of the liver or acute
necrotizing nephrosis. Rats with tempe as well as with
skim milk diet both at 20% and 10% protein have shown at
autopsy normal livers and kidneys.

The prevention of rancidity in tempe and the pre-
vention of vitamine E deficiency symptoms in rats receiving
tempe can be traced to the presence of an "antioxidant."
It has been reported that soyflour developed strong
rancidity early after exposure to air at room temperature,
in contrast with tempe under identical conditions remain
free from organoleptic rancidity even after 1.5 years.

In 1964, Gyorgy et al. isolated an active con-

centrate extracted from tempe with alcohol or ether showing
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a definite protection in hemolysis test, but did not
correspond to a-tocopherol or to F84 which was isolated
from yeast.

Steinkraus et al. (1961) also noted that the
superiority of tempe PER is damaged through drying at 150°F.

Loss of solids and protein in dehulling, soaking,
washing and cooking of soybeans did not reduce the
nutritive value of tempe as already demonstrated by Smith
et al. (1964). They further proved using rats as experi-
mental animals that methionine supplementation of tempe
significantly increased rate of growth and protein effi-
ciency values.

About one-third of the thiamin of soybeans was used
up by R. oryzae was reported by Roelofsen and Talens (1964)
but riboflavin, niacin, and vitamin B6 increased consider-
ably to 5-6 times higher than the unfermented soybeans.
Vitamin A was reported about the same as in raw soybeans
(Jansen and Donath, 1924; Murata, 1965).

A nutritional improvement project for children in
developing countries using tempe as a food source has been
initiated by FAO. A very promising large scale tempe
feeding experiment has been reported in Southern Rhodesia
(Autret and Van Veen, 1955).

Changes in carbohydrates and
soluble solids

Soluble solids, soluble nitrogen, fiber, nitrogen-

free extract (NFE) and ammonia are increasing during tempe
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fermentation. The temperature in the fermenting bean mass
is rising above the incubator temperature, reaching maximum
after 30 hours and then declines.

Steinkraus et al. (1960, 1961) observed that soluble
solids rise from about 13% to nearly 28%. Soluble nitrogen
rises from about 0.5% to nearly 2%, while total nitrogen
remains about 7.5%. The pH also rises during the fermenta-
tion (Fig. 3).

Van Buren et al., (1972) reported an increase in
fiber, nitrogen free extract (NFE) and ammonia. They also
suggested that the increased water-soluble NFE, in contrast
to the decreasing 66% ethanol-soluble, NFE, is due to water
soluble pectic and hemicellulose-type material solubilized
by mold enzymes and apparently responsible for the softening
effect of the mold on the cooked soybeans. Non enzymatic
browning during fermentation and drying was also reported.

Steinkraus et al. (1960) also made cytological
studies on tempe and concluced that the cells of beans
cooked in water and the tempe made from them remain intact
after blending in a Waring blender while soybeans cooked
in steam for 90 minutes contained relatively fewer intact

cells after similar blending.

Changes in protein

The ammonia content rises during the course of

tempe fermentation suggesting deamination of amino acids.
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Experiments by Van Buren et al. (1972) showed the
increasing water soluble protein during the active mold
growth. The disappearance of crude protein, soluble in 66%
ethanol, shows that the mold utilizes amino acids and low
molecular weight peptides, and probably the intermediate-
size protein breakdown products contribute to the water
soluble protein. After growth ceased there was an
accumulation of low molecular weight nitrogen compounds.

It was also noted that the solubilization of protein was
accomplished without the development of bitter materials as
in other cases of enzymatic proteolysis of soy protein.

Murata (1965) concluded from his chemical analyses
of tempe that the protein, amino acids, moisture, crude
fat, ash and fiber contents are not much different from
those of unfermented soybeans. The amino acid composition

of soybeans and tempe appears in Table 6.

Changes in lipids

Wagenknecht et al. (1961) and Van Buren et al.
(1972) investigated the changes in soybean lipids during
tempe fermentation using R. oryzae mold. One of their
conclusions was that the concentration of total ether-
extractable lipids rose slightly at the time of most active
mold growth (20-30 hrs) and then diminished. The acidity
increased, but at the same time the pH also showed a steady
increase throughout the fermentation time. This is

presumably due to liberation of ammonia or other basic
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Table 6.--Amino acid composition of tempe and unfermented
soybeans (by HITACHI amino acid analyzer)
(Murata, 1965).

Unfermented
Amino Acids Soybeans (mg/gN) Tempe
Aspartic acid 744 756
Threonine 278 282
Serine 270 268
Glutamic acid 1049 1001
Proline 342 309
Glycine 292 275
Alanine 250 228
Cystine (M) 113 121
Valine 328 345
Methionine (M) 77 81
Isoleucine 338 356
Leucine 525 565
Tyrosine 171 161
Phenylalanine 302 302
Tryptophan (M) 67 87
Lysine 392 410
Histidine 160 167
(NH3) 140 169
Arginine 491 440
Nitrogen % 7.85 8.06
Note: (M) = microbiological assay using Leuconostoc

mesenteroides.
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end products of protein. The chemical characteristics of

the oils of soybeans and tempe are presented in Table 7.

Table 7.--Chemical characteristics of oils from tempe and
unfermented soybeans (Murata, 1965).

Unfermented Soybeans Tempe

Acid value 1.02 50.59
Refractive index nés 1.4730 1.4711
Iodine value 128.5 126.1
Saponification value 191.1 189.2
Composition of fatty acids:
Cl6:0 10.4% 10.9%
Cl8:0 5.1% 4.9%
Cig:1 26.8% 28.1%
Cig.2 50.0% 49.4%
Cig.3 7.8% 6.8%

The lipase activity of R. oryzae is also increasing
during fermentation time. About one-third of neutral fat
of soybeans is hydrolyzed by the fungal lipase, but there
is no subsequent utilization of the liberated fatty acids.
The fatty acid content of tempe during fermentation is shown
in Table 8.

Steinkraus et al. (1961) and Gyorgy (1961) detected
and isolated an antioxidant produced during the tempe fer-
mentation. They determined the peroxide values of dried,

pulverized and stored soybeans ranged from 18.3 to 201.9,
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Table 8.--Distribution of free fatty acids during tempe
fermentation (Wagenknecht et al., 1961).

Mg/100 g tempe

Ci6:0 C18:0 C18:1 Ci18:.2 Cyg.3 Total

Cooked soybeans

neutral fat .. . . . . . . . .

free fatty acids 41 31 127 0 0 199
24 hour tempe 420 175 713 2510 293 4111
30 hour tempe 771 202 802 2543 204 4522
48 hour tempe 665 202 1359 4138 304 6668
69 hour tempe 863 367 1671 5032 302 8235

Mol percent

Cooked soybeans

neutral fat 10.86 3.90 18.11 61.00 6.13
free fatty acids 22.24 15.21 62.53 O 0
24 hour tempe 19.81 3.75 15.39 54.62 6.43
30 hour tempe 18.23 4.31 17.24 55.08 4.45
48 hour tempe 10.83 2.96 20.07 61.57 4.56
69 hour tempe 11.37 4.36 19.98 60.62 3.67
Total free fatty Percent free fatty

acids g/100 g acids of total

tempe ether extract
Cooked soybeans 0.26 1.09
24 hour tempe 3.59 13.87
30 hour tempe 4.77 18.93
48 hour tempe 6.93 30.00
69 howur tempe 8.19 35.11
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while the peroxide values of tempe under identical con-
ditions ranged from 0 to 1l.1.

Gyorgy et al. (1964) isolated by paper chromato-
graphy a compound (Rf:0.92) which proved to prevent the
hemolysis of red blood cells of a vitamin E deficient rat
with dialuric acid, as well as giving a positive ferric
chloric reaction and Emmerie-Engel test.

This compound was subsequently identified as
6,7,4' trihydroxyisoflavone, which has Xmax of 260 and
327 nm, and also is a normal constituent of unfermented
soybeans. This antioxidant can be liberated from raw
soybeans by hydrochloric acid hydrolysis. The hypothesis
was that the liberation of trihydroxyisoflavone will
protect the biologically effective vitamine E presents in
soybeans. The effect of trihydroxyisoflavone itself in
vitamine E deficient animal is still unknown.

Toxic materials produced in
tempe "bongkrek"

Soybean tempe or locally called tempe kedele is

never reported as the cause of any kind of food poisoning.
However, if the soybeans are mixed with coconut
cake (copra cake) or prepared entirely from copra (for a
cheaper, low quality tempe), the product bongkrek may
occasionally become poisonous. These bongkrek poisons are
very potent toxins. People die or become seriously 11l
after a consumption of the poisonous bongkrek even in small

quantities (Van Veen and Mertens, 1934; Van Veen, 1935, 1936).
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The occasional toxicity of bongkrek is attributed

to Pseudomonas cocovenenans, an aerobic bacterium growing

as a contaminant during the bongkrek fermentation.
Two primary substances, namely toxoflavin and bong-
krekic acid, are responsible for the bongkrek toxicity

(Figures 4 and 5) .

0
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Figure 4. Toxoflavin (Van Damme et al., 1960) .
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MATERIALS AND METHODS

Tempe preparation

The tempe was prepared by a method similar to that
practiced in Indonesian villages and described by Hesseltine
(1965) .

The soybeans variety Harosoy 63 were supplied by the
Michigan Foundation Seed Association Inc., East Lansing.

The dry soybeans were soaked overnight in tap water at room
temperature and the skin was removed by hand in running
water. The soaking was proved to be essential by the fact
that fermentation was about 100% successful, while unsoaked
soybeans failed to ferment properly in 95% of the cases.

The peeled soaked soybeans were boiled in a steam
jacketed kettle for 30 minutes, cooled and drained prior to

inoculation with Rhizopus oligosporus NRRL 2710, which has

been kindly supplied by the Northern Regional Research
Laboratory, Peoria, Illinois. One agar slant culture of
mold suspended in about 3 ml of sterilized distilled water
was sufficient to inoculate 300 g of cooked soybeans.

The well mixed inoculated soybeans were then
packed tightly into a stainless steel form, 25 x 10 x 3 cm,

and wrapped with Dow Handiwrap plastic sheet perforated

30
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with pinholes for air supply. For a smaller sample, the
soybeans can be fermented in plastic bags.

The tempe was fermented at 30-31°C in an incubator.
The relative humidity was maintained at about 45% by placing
water in the incubator.

Samples for analyses were sliced from the fermenting

tempe cake as desired.

Sample preparation for electron microscopy

Scanning electron microsocopy (SEM)

Sliced, dried tempe about 1/4 cm. thick and 1 cm.
in diameter was mounted on a special metal setting and gold
coated.

Raw tempe, similar in size to the dried one, was

dipped in a 1% solution of 0.0 in phosphate buffer for two

4
hours. It was then washed in solutions of increasing
ethanol concentration, 25%, 50%, 75%, 85%, 95%, and twice
at 100%, for half an hour in each solution. It was then
dried in a Bomar SPC-900 EX critical point dryer and gold
coated.

Transmittance electron
microscopy (TEM)

Soybeans and tempe samples were cut into small
strips about 0.5 x 0.5 x 2 mm. and placed in 5% glutar-
aldehyde fixative in 0.1 M Sorensen buffer, and they were
left in this solution for about 4 hours, and then washed 3

times (about 1 hour) with 0.1 M Sorensen buffer solution.
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Subsequently they were fixed in 1% buffered 0s04 solution,
embedded in Spurr's resin, sectioned in Porter-Blum MT2
ultramicrotome, stained in uranylacetate and lead-citrate,

mounted and examined in a Philips 300 electron microscope.

Extraction of lipids

For comparison, two methods of 1lipid extraction

were used.

Method I

About 100 g tempe was sliced thinly and dried in a
29 inch vacuum oven at 70 C for 5 hours. The vacuum-dried
tempe was then ground into a fine powder (20 mesh).

Fifteen grams of ground tempe was wrapped in Whatman
filter paper and extracted with petroleum ether in a
Soxhlet apparatus for 24 hours. The ether extract was
filtered and washed with diethylether, dried under nitrogen,
weighed and stored under nitrogen at 0°C for further
analysis. Free fatty acids were separated according to
Mattick and Lee (1959). After drying under nitrogen over
sodium sulfate, the glycerides and free fatty acids were
weighed. After appropriate esterification of the glycerides
and the free fatty acids, each sample was injected in a
Perkin Elmer 900 chromatograph, and SP 1000 liquid phase on
Chromosorb was the packing material of the column. The

temperature of the column was set at 200 C.
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Method II

About five grams tempe was blended in a Waring
blender for 2 minutes with 100 ml Chloroform : Methanol =
2:1 (v/v), according to the method of Folch et al. (1957).

The finely blended homogenate was filtered through
Buchner vacuum filter on Whatman No. 1 filter paper. The
lipid solution was then dried in a flash evaporator at
40°C. After most of the chloroform methanol solvent was
evaporated, the free fatty acids were separated from the
glycerides, as in Method I.

The glycerides and free fatty acids were then dried
in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>