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ABSTRACT 

As rising populations cause more demand for food, 
Southeast Asian residents will depend increasingly on 
plant sources, rather than animal sources, for their 
dietary protein and calorie needs. Tempeh and other 
fermented vegetable protein products already are 
familiar parts of the diet throughout Southeast Asia. 
The low cost production process also provides protec- 
tion against aflatoxin contamination,  an important  
consideration. All these factors indicate that fermen- 
ted foods will play a larger role in the future diet for 
millions of people in Southeast Asia. 

INTRODUCTION 

Southeast Asia consists of nine countries having a total 
population of 332 million, whose average per capita income 
is 260 US dollars. Indonesia's population of 136.9 million 
is 40% of the Southeast Asia population (Table I). There 
is reason to believe that human nutr i t ion in that area is 
unsatisfactory (1). 

Due to the limited data available from other Southeast 
Asia countries, this presentation will be based mainly on 
data from Indonesia with the belief that it could represent 
other Asian countries. In addition, Indonesia is considered 
to have a wide variety of fermented vegetable protein 
foods. 

Nutritional surveys and food pattern studies conducted 
in Indonesia in the last 20 years have shown that the main 
problems directly related to poor nutr i t ion are protein 
calorie malnutri t ion (PCM), vitamin A deficiency, nutri- 
tional anemia, and endemic goiter (2). 

Generally, the mortality rate of preschool children 
below the age of four is high, and PCM is common in 
villages and semiurban communities. A high mortality rate 
among infants and young children is often an indication of 
a country 's  poor nutrit ional status. It has been stated (3) 
that out of 1,000 live births in Indonesia annually, about 
150 babies die before the age of one year. In a country with 

good nutri t ional status, the rate is 20 deaths per 1,000 live 
births. 

FERMENTED FOODS AND FOOD NEEDS 

As populations continue to grow, the world is going to 
have to review its present usage of all raw material poten- 
tially suitable for food and convert more of its present 
animal feed to human use. As the prospect of food short- 
ages becomes more acute, people in Southeast Asia must  
depend increasingly on plant rather than animals for their 
calorie and protein needs in the diets (4). 

Asia is a vast storehouse of ancient culture, art and 
knowledge, including food fermentation technology (5). 
Fermented foods are important  components  of diets in 
many parts of the world, especially Southeast Asia. In 
many cases such products make an important  contr ibut ion 
to the diet of the people as sources of protein, calories and 
some vitamins. 

The nutri t ional composit ion of some fermented foods 
in Indonesia are shown in Table II. Tempeh has the highest 
protein content  and bongkrek has the lowest. 

There are several kinds of fermented vegetable protein 
foods in Southeast Asia as shown in Table III. For the 
purpose of this presentation, only four kinds of promising 
or interesting fermented foods will be discussed: tempeh, 
oncom, bongkrek, and tauco. 

TEMPEH AND ONCOM 

Tempeh 

Indonesians, centuries ago without modern chemistry 
and microbiology, developed a fermentation product called 
tempeh, in which soybeans are soaked, dehulled, partially 
cooked, and inoculated with molds belonging to genus 
Rhizopus (8). 

Protein content  is over 40% on a dry basis. Due to its 
high nutritive value, tempeh makes a good substitute for 
meat in the diet. After being fermented, soybeans require 
only 3-4 min deep fat frying (190 C) or 10 min boiling. 
Raw soybeans generally require about six hr boiling to pre- 

TABLE 1 

Population,  Populat ion Growth and Gross National  Income 
Per Capita in Several Countr ies  in Southeast  Asia 

Populat ion Populat ion Average nat ional  income 
Country (millions) growth (%) per capita  (US $) 

Burma 31.8 2.4 110 
Republic Khmer 8.0 2.8 70 
(Cambodia) 
Indonesia 136.9 2.4 180 
Laos 3.5 2.2 70 
Malaysia 12.6 2.8 720 
Phillipina 44.3 2.7 370 
Singap ore 2.3 1.3 2, S 10 
Muangthai 44.4 2.4 350 
(Thailand) 
Vietnam 47.3 2.1 160 
Southeast  Asia 332.0 --- 260 
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TABLE II 

Nutrition Composition of Tempeh, Oncom, Bongkrek 
and Tauco per 100 gram (6) 

Composition Tempeh Oncom Bongkrek Tauco 

Calorie 149.0 187.0 119.0 --- 
Protein (g) 18.3 13.0 4.4 10.0 
Fat (g) 4.0 6.0 3.5 5.0 
Carbohydrate (g) 12.7 22.6 18.3 24.0 
Vitamin A (IU) 50.0 . . . . . .  0.0 
Vitamin B (rag) 0.17 0.09 0.09 --- 
Vitamin B-12 (ng/g) 29 -2 5.00 31.00 +_ 7.00 . . . . . .  

TABLE ]II 

Fermented Vegetable Protein Foods in Southeast Asia (7) 

Nature of Area where article 
Name Organism used Substrate product of commerce 

Tempeh Rhizopus oligosporus Soybeans Solid Indonesia and vicinity 
Bongkrek Rhizopus oligosporus Coconut Solid Central Java (indonesia 

presscake 
Oncom Rhizopus oligosporus Peanut Solid West Java (Indonesia) 

Neurospora sitophila presscake 
Tauco Rhizopus oligosporus Soybeans and Liquid West Java (Indonesia) 

A spergillus oryzae cereals 
Kecap Aspergillus oryzae Soybeans, Liquid Indonesia and vicinity 
(Shoyu) Lactobacillus, ttanse- Wheat 

nula and Saccharomyees 
Ang-kak Monascus purpureus P.ice Deep red 

pigmented solid 
Sofu Actinomucor elegans Soybeans Solid 
(Sufu, fermen- and Mucor sp. 
ted Toifu) 

l'hillipines and Indonesia 

China, Formosa 

pare them for consumpt ion  (9). T e m p e h  is actual ly the  first 
"qu ick  c o o k i n g "  food developed in the world (5). 

In Indonesia ,  par t icular ly  for people  who  live on Java, 
t empeh  is a key pro te in  source for mil l ions of  people  who  
daily eat 30-120 g, generally served as a meat  subst i tute  in 
their  grain-centered diet. The es t imated  annual  na t ionwide  
t empeh  p roduc t ion  is ca. 75 ,600 tons. A p p r o x i m a t e l y  
14% of  the total  annual  Indonesian soybean p roduc t ion  is 
made  into  tempeh.  T e m p e h  also is becoming  an impor t an t  
food  in Malaysia. 

One  of  four  major  nut r i t ion  problems in Indonesia  is 
nut r i t ional  anemia.  There  are several kinds o f  nut r i t ional  
anemia,  including some due to i ron and vi tamin B-12 
def ic iency.  

Consumers  eat ing meat  regularly have no p rob lem 
get t ing enough  v i tamin  B-12 in their  diets. However ,  people  
subsisting principal ly or  to ta l ly  on rice, or  o ther  cereal 
grains, may  receive insuff icient  v i tamin  B-12 which leads 
to pern ic ious  anemia  (10). 

One in teres t ing discovery is that  t e m p e h  made  with  the  
pure mold  R h i z o p u s  oligosporus conta ins  very lit t le v i tamin  
B-12 compared  with  t empeh  made  by t radi t ional  process- 
ing. The  mys te ry  was solved when  it was found that  a 
specific bacterium present  in commerc ia l  samples of  
t e m p e h  produces  v i tamin  B-12 during the  fe rmenta t ion .  
This f inding shows that  the presence o f  a certain bacteriai  
species can be very  beneficial  f rom a nut r i t ional  po in t  of  
view (11). 

Indones ian  t e m p e h  m a y  con ta in  30 /sg/g o f  v i tamin 
B-12. If the  average daffy c o n s u m p t i o n  is 60 g per person,  
this wou ld  provide  60% of  the daily r equ i remen t  of  v i tamin  
B-12. R e c o m m e n d e d  dietary a l lowance o f  3/~g (microgram)  
o f  v i t amin  B-12 per  day for  adults has been set by the  
C o m m i t t e e  on Die ta ry  Al lowances  (11). 

It has been repor ted  (12)  that  t e m p e h  had a beneficial  
e f fec t  on pat ients  wi th  dysen te ry  in the  prison camps of  
World War II. The  ant ibacter ia l  act ivi ty or  growth  
inhibi tors  p roduced  by R h i z o p u s  oligosporus during 
t e m p e h  f e rmen ta t i on  has been repor t ed  ( I  3). 

It was also repor ted  that  even though antibacterial  tests 
indicated that  the c o m p o u n d  produced by Rhizopus  oligos- 
porus does not  exhibi t  a broad spec t rum activity,  it is very 
active toward some gram posit ive bacteria. 

The Southeast  Asian people  are cons tan t ly  exposed to 
overwhelming sources o f  infect ion,  and their  diets are 
f requent ly  inadequate ,  yet  they  possess a wonder fu l  resist- 
ance to disease (22). 

Oneom 

Press cakes have been used for a long t ime principally 
for animal feed. Their  f iber  con ten t  and relative high con- 
tent  o f  undigestable  c o m p o n e n t s  made  them undesirable 
for human  food.  Centuries  ago the Indonesians demon-  
strated a way to conver t  essentially animal feeds to human 
qual i ty  food,  through a t radi t ional  f e rmenta t ion  process 
(5). 

Oncom,  prepared by al lowing the mold  to grow on 
peanut  presscake for ca. 48 hr, makes a food  used in the  
daily diet  o f  some 25 mil l ion people  (14). 

The active microorganism used for oncom produc t ion  
is Rhizopus  oligosporus, which produced  oncom with a 
black color,  or  Neurospora sitophila, which produces  red or  
orange oncom.  Enzymes  p roduced  by the mold deeply 
penet ra te  in to  the substrate,  making the protein ,  lipids, 
and o ther  componen t s  more  digestible and at the same 
t ime move  flavorful.  

Like t empeh ,  o n c o m  can also produce  vi tamin B-12 in 
substantial  amounts .  The source of  v i tamin  B-12 in this 
p roduct  is no t  known and needs fur ther  invest igation (1 I). 
Oncom prepared f rom peanut  presscake had 31 + 7 /.tg/g 
o f  v i tamin  B-12;  o n c o m  prepared f rom soybean milk 
residue had 23 + 2/ag/g. 

BONGKREK AND TAUCO 
Tempeh bongkrek 

T e m p e h  bongkrek  is a special type  of  t empeh  which 
can be prepared f rom shredded c o c o n u t  residue with 
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Rhizopus oligosporus (15). 
A well made product is a compact cake which is 

completely covered and penetrated by the white mold 
myceUium. Occasionally the mold mycellium does not 
develop, and toxin-producing bacteria Pseudomonas 
cocovenenans overgrow the mold. Then the mass remains 
grandular and loose; it becomes slimy and developes a put- 
refactive ordor by extended incubation. Such poorly fer- 
mented products could be poisonous. 

Outbreaks of food poisoning by tempeh bongkrek still 
occur periodically (6). During the latest large outbreak, 
early in 1977, more than 400 persons were involved and 
more than 70 victims died (6). 

Taueo 

Related to shoyu (soy sauce) fermentation, the Japanese 
also developed miso, and the Indonesians developed tauco, 
a meat-flavored soybean paste or liquid. Typically, tauco is 
used with various other foods including fish, or in vegetable 
soup, to enhance flavor (17). Since tauco is somewhat 
similar to miso, it has the potential to be developed into a 
mass consumption product, as many Japanese consume 
miso soup every morning at breakfast. The average con- 
sumption of tauco per capita per day in Indonesia is still 
very low. However, miso has long been a key source of pro- 
tein in the Japanese diet. It presently accounts for up to 
25% of the protein consumed in some Japanese rural inland 
areas and more than 8% for the population as a whole. The 
average Japanese consumes about 16 pounds of miso each 
year, or about 19 g per day (18). 

WHOLESOMENESS OF FERMENTED FOODS 

Production of fermented foods usually is not done 
under pure culture conditions and is done without suffic- 
ient aseptic precautions. Therefore, contamination with 
toxic-producing natural organism is always possible. 

It has been reported that in comparison to other sub- 
strates or commodities, soybean was a poor substrate for 
aflatoxin-producing mold. The molds required for the 
fermentation of tempeh and oncom may be considered to 
protect these foods against aflatoxin (19). The ability of 
Aspergillus flavus to produce aflatoxin B 1 was considerably 
suppressed when grown together with Neurospora species 
on peanut substrate. Similar results were obtained when 
Aspergillus flavus was grown with Rhizopus oligosporus 
on soybean. 

One researcher has reported that during fermenta- 
tion of soybeans with Rhizopus oligosporus into tempeh, 
no aflatoxin was produced even though a considerable 
amount of Aspergillus flavus spores was purposely added 
before fermentation (19). 

Due to production costs and familiarity to millions 
of people, tempeh and other fermented vegetable proteins 
look more feasible as a main source of protein for millions 
of people with very limited incomes. 

When peanut presscake is used as substrate, particularly 
for oncom production, then the possible danger of aria- 
toxin exists. This was found to be the case in Indonesia. 
Raw peanut presscake containing from 230 to 5,000 
parts per billion (ppb) of aflatoxin was received, and only 
aflatoxin B1 was present (9). Using Neurospora sitophila 
as the fermenting organism, ca. 50% of the aflatoxin was 
destroyed during fermentation (20). Rhizopus oligosporus, 
used as the aflatoxin-fermenting organism, destroyed ca. 
60% of the aflatoxin in the presscake. Five samples of com- 
mercial Indonesian oncom which had been analyzed con- 
tained 90 to 800 ppb aflatoxin. Thus, fermenting peanut 
presscake to produce oncom may make the substrate less 
dangerous from the aflatoxin standpoint (12). 

Relying on fermenting organisms to control aflatoxin 
will provide real advantage only if the aflatoxin content  of 
the raw material is low, otherwise the 30 to 50% aflatoxin 

TABLE IV 

Composition and Nutritional Value of TFR (22) 

Composition 

Ingredient TFR-I TFR-II 

Tempeh (%) 30 30 
Fish (%) 9 10 
Rice (%) 30 30 
Sugar (%) 27 25 
Peanut oil (%) 4 5 

Nutritive value 
Protein (%) 23.7 23.7 
Fat (%) 9.4 7.8 
Carbohydrate 59.6 61.2 
Ash (%) 2.3 2.4 
Moisture (%) 5.0 4.9 
NPU STO 64 ~ 62 
NPU Up 46 51 

which is left behind will still exceed the permitted levels 
(30 ppb). 

The bongkrek toxin consists of two substances; toxo- 
flavin and bongkrek acid (B.A.) (6). Bongkrek acid, partic- 
ularly, has been responsible for deadly food poisoning 
which until  recently claimed victims in Indonesia. Bongkrek 
acid is an active antibiotic against the mold Rhizopus, used 
to produce white bongkrek. 

To reduce the possibility of bongkrek poisoning, people 
in the region when it is made add pounded dried "caling- 
cing" leaves (Oxalis sepuin). Adding the leaves probably 
reduces the pH, inhibiting the growth of Pseudornonas 
coco venenans. 

It has been reported that addition of 1.5 to 2.0% NaC1 
to the raw material could suppress the accumulation of 
bongkrek acid in tempeh bongkrek. NaC1 also neutralized 
the inhibiting effect of Pseudomonas cocovenenans on the 
growth of Rhizopus oligosporus (15). This discovery offers 
a promising method to reduce the number of bongkrek 
poisoning victims in Indonesia. 

The available literature indicates we should not worry 
too much about aflatoxin content  of fermented food, 
because of the internal protection of fermented foods 
against aflatoxin (15). 

DEVELOPMENT OF FOOD SUPPLEMENT USING 
FERMENTED FOOD AS A BASIC INGREDIENT 

In an evaluation study by the Applied Nutri t ion Program 
conducted in 1972-1973 (21), nutr i t ion problems in eight 
of 26 provinces were studied from the standpoint  of socio- 
economics and family food habits. The study recommended 
that nutr i t ion improvement programs should give priority 
to pregnant and nursing mothers, and to children under  two 
years of age. These groups are called the vulnerable groups 
because they tend to be affected easily by malnutr i t ion.  

The vulnerable groups have a relatively high nutritive 
requirement which is difficult to fulfill because the amount  
of traditional food needed for good nutr i t ion exceeds the 
capacity of mouth  and stomach. Therefore, they need 
highly nutrit ious foods of small volume. When the diet can- 
not fulfill the daily requirement of nutrients,  supplemen- 
tary foods are needed. 

Nutrit ion Research Institute at Bogor, Indonesia, has de- 
veloped an indigenous mixture, using fermented food as a 
basic ingredient, which is called "Tempeh-Fish-Rice" 
(TFR). It is composed of tempeh, fish, rice, sugar and 
peanut oil, as shown in Table IV. There are two formulas; 
the second was made to improve the palatability and nutri- 
tional value. The mixture has been tested and given to 
children suffering from PCM. It was found that TFR can 
increase body weight and improve the general condit ion of 
the child (22). 
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T h e  s t u d y  fo r  t h e  d e v e l o p m e n t  o f  " N e w  T a u c o  P r o d u c t "  
is  n o w  b e i n g  e n l a r g e d  t o  p o p u l a r i z e  c o n s u m p t i o n  o f  t a u c o ,  
b y  u s i n g  d i f f e r e n t  s o u p  t y p e  r e c i p e s  a n d  o t h e r  I n d o n e s i a n  
d i s h e s .  

D u e  t o  i t s  l o w  c o s t  a n d  f a m i l i a r i t y ,  f e r m e n t e d  f o o d s  
h a v e  g r e a t  p o t e n t i a l  as  k e y  p r o t e i n  s o u r c e s  a n d  as ba s i c  
i n g r e d i e n t s  f o r  f o o d  s u p p l e m e n t .  T h e  f e r m e n t e d  f o o d s  will 
c e r t a i n l y  p l a y  a m o r e  i m p o r t a n t  r o l e  in  S o u t h e a s t  A s i a  in  
t h e  f u t u r e  t h a n  t h e y  d o  t o d a y .  
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