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ABSTRACT 

Other speakers in this Symposium discussed fer- 
mented foods of China, Japan, and Southeast Asia; I 
will describe several other fermented foods that are 
very important  in Mid-Asia, the Middle East, and 
Africa. These fermentations, unlike those of the 
Orient, use bacteria and yeasts instead of filamentous 
fungi. They are acid products prepared from cereals 
traditionally grown in the areas, notably sorghum, 
millet, maize, and wheat. Since African, Middle 
Eastern, and Mid-Asian fermented foods are often 
supplemented with milk or legumes, the final protein 
content  may be rather good. For example, bouza and 
ogi have a protein content  of 11 to 13% on a dry 
weight basis, while in kishk the protein content  is 
about 23.5%. In the Indian food idli, the protein 
average content  is 15.3%. Advantages of acid fermen- 
ted food products are: 
�9 Preservation of the fermented product because of 

the organic acids produced. These acid products 
are sometimes dried to give even longer keeping 
times. 

�9 They are high in fiber content. 
�9 Because some are dried, they may be transported 

easily from one place to another. 
�9 They probably have enhanced nutrit ional value 

because of the vitamins formed during production. 
�9 They are foods used for centuries and therefore 

culturally acceptable. 
�9 Unlike some of the other fermented foods dis- 

cussed, they are used as main course dishes rather 
than flavoring agents. 

An example of a Mideast food prepared by lactic 
acid bacteria is tarhana of Turkey, which consists 
of parboiled wheat meal, yogurt, and added vege- 
tables which are then allowed to ferment and then 
sun dried. In Central and South Africa, kaffir beer 
(Bantu beer) is made by malting maize or sorghum, 
fermenting with lactic acid bacteria to give a low pH, 
and then finally fermenting with a yeast. The protein 
content  ranges from 8.5 to 11.9%. A second commer- 
cially produced product is mahewu (magou) prepared 
by the natural fermentation of maize to produce 
an acid mash which is then dried. This food has a 
content  of 7-9% protein. 

INTRODUCTION 

When we think of food fermentations, aside from those 
we encounter daily such as cheese and bread, we think 
of those strange and exotic products like soy sauce, soy- 
bean paste, and tempeh made in China, Japan, and the East 
Indies. However, in some parts of the world, huge amounts  
of fermented food are produced and used in the daily diet 
of the people and are an essential part of their nutr i t ion.  
The foods made by yeast and bacterial fermentations which 
I will describe very briefly are those produced in Pakistan, 
India, the Middle East, and Africa below the Sahara Desert. 

Time restricts the descriptions to only five such foods. 
Although these regions are quite far apart in geography, 
culture, and religion, traditional fermented foods show 
some close similarities such as: 

�9 Most fermented foods are based on cereals such as 
millet, sorghum, maize, and wheat. 

�9 They are supplemented with a source of protein 
either of animal or plant origin. In the Middle East 
this is usually a milk product, whereas in India and 
Pakistan it is a locally grown legume. 

�9 The microorganisms used are typically those present 
in or on one of the ingredients and are selected by 
adjusting the fermentat ion conditions. Except for the 
industrialized Bantu beer and mahewu processes, 
all the fermentations are self-inoculated. 

�9 Most of the foods depend on fermentation in a liquid 
menstrum, as contrasted to the Far East fermenta- 
tions on moist solid substrates. 

Although some of the fermentations are called beers, 
they are not  beer in the sense of Western Europe or 
America. The African beers are characterized by opaque 
liquids or semisolids with low or no alcohol, containing 
a high percentage of solids, including cells of microorgan- 
isms. 

�9 The product is almost always acidic. 
�9 Yeast and bacteria (mainly lactic bacteria) are the 

only organisms that carry out the fermentations. So 
far as I know, molds are present only as chance con- 
taminants.  

�9 The fermentation time is short - a matter of hours, 
not  weeks or months. 

�9 Except for Bantu beer, none of the fermentations has 
been scientifically studied on the scale that shoyu or 
miso have been studied in the Orient. 

There are at least eight reasons for using a fermented pro- 
cess in the product ion of these acid foods. 

1. In the fermentations carried out by lactic bacteria, 
organic acids such as lactic and acetic acids are 
formed that act as preservatives in inhibit ing the 
growth of harmful bacteria because they lower the 
pH. In the Arab world, this is combined with drying 
to give an even longer keeping time. One has only to 
visit the Indian villages along the Ganges to be im- 
pressed with the need for some kind of preservation. 
The high temperature and high humidity,  coupled 
with unsanitary conditions and lack of education 
concerning food handling, are ideal for food spoilage. 

TABLE I 

Vitamin Content  0zg/100 g) of Sorghum 
Beer in 1975 (1) a 

Vitamin  Range Average 

Thiamine 39-60 47 
Rib oflavin 28-43 35 
Nicotinic  acid 340-350 400 

aWhole ground sorghum was added as adjunct .  

367 



< 

r,.,q 

' "  d 

,-1 

~ 
0 

"0 

S 

e x ~  

t t  B 8  

~ o 

~ o ~ o ~ - ~  = 

E 

. . 

o ~ ' ~  
= - - ' ~ . ~ . ~  

5 ~  

i .  

z 

< -- e~ 

~ o 
~ o 

< <  

�9 ~ o ~ ~ ~ ' ~  

~ ~ ' ~  ~, 

Z 

. ~ . 2 . ~ . ~  .~ 

X 
"~ y . .~  ~ .~ ~..-. 

368 J.  A M .  O I L  C H E M I S T S '  S O C .  M a r c h  1 9 7 9  ( V O L .  5 6 )  



"o 

"o 

0 
0 

L~ 

O 

- . ~  .~ 

0 

o ~ 

O 

' "  ~ ;E ~ -o ~' 
o .~ ~ .~ ~ "~ ~.o 

r t~4 

"<5 

�9 

O . o  

6~ 

o r "  O ~ ~ 

~ ~  
~ ~..~ 

= 6 

N -~ 

o 

-~, ~ , ~ . . -  

J. AM. O I L  C H E M I S T S '  SOC. March 1979 ( V O L .  56)  369 



T A B L E  III  

P r o t e i n  R e p o r t e d  f r o m  S o m e  F e r m e n t e d  
F o o d s  o f  I n d i a ,  Midd le  E a s t ,  a n d  A f r i c a  

N a m e  P r o t e i n  ( g / 1 0 0  g) R e f e r e n c e  

B o u z a  1 1 . 8 - 1 3 . 1  11 
K i s h k  23 .5  12 
K h a m a n  2 1 . 9 - 2 2  .4 5 
Idl i  1 3 . 9 - 1 4 . 1  a n d  1 5 . 3 6  2 ,5  
Ga r i  0 .9  15 
F e r m e n t e d  r ice  8 .8  2 4  
ogi 9.1-11.5 26 
Bantu beer 8.5-11.9 27 
Mahewu 7-9 28 
Ken Key  9 . 7 - 1 1 . 6  29  

Rice Black gram da l  ( d e c o r t i c a t e d )  

$ . . . . . .  hed . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; 
. . . .  soaked 5-10 h r  . . . . . . . . . . . . . . . . . . . . .  ~, 

(room t empera tu re )  ~, 

ground with water ground with water 

to give a coarse flour ~ / to give a smooth gelatinous paste 

mixed ~ salt (0.8%) 

thick b a t t e r  

fermented a t  room temperature overnight 
(15 hr or longer) 

b a t t e r  placed in s t ewner  and steamed 

served ho t  

2. Need for fiber in the diet is now widely recognized; 
because whole cereals are used in these foods, fiber 
content is quite high. Studies among the Bantu tribes 
show that Western diseases, such as diverticulosis, 
colonic irritation, colon cancer, and other chronic 
diseases of  the gastrointestinal tract are almost 
unknown. 

3. Many of the peoples in these areas were formerly 
nomads; thus, the sundried fermented products can 
be transported easily from one place to another. Also, 
the products can be preserved in a dry state for 
months or even years as a food reserve in case of 
drought or fan%ine. 

4. Fermented products have enhanced nutritional value 
because of vitamins and enhanced digestibility. 
Novellie (1), using modern vitamin analysis, has 
studied sorghum beer. Table 1 gives the vitamin 
content  based on an examination of serveral samples. 

5. Unlike some of the other fermented foods discussed 
in this symposium, such as shoyu for flavoring fish 
and vegetables, these fermented products are used 
as main course dishes. 

6. These foods have been prepared as far back as re- 
corded history and, therefore, are culturally accept- 
able. Most Indian Ilindus can eat only nonamimal 
foods; therefore, products made from indigenous 
cereals and legumes are acceptable. 

7. Because of  the varied ingredients, mixed microorgan- 
isms, and addition of  spices and salt, the flavor of 
the fermented foods are varied and help to overcome 
the monotony  of eating local plant products. 

8. Many areas of  the world I am talking about are 
desperately short of  cooking fuel. One has only to 
travel in India to see the cakes of cow manure drying 
in the sun to be used for cooking to realize that foods 
must be prepared with a minimum of  fuel. The odor 
and smoke of  burning cow manure in steaming Bom- 
bay in the early morning made a vivid impression on 
m e .  

Table II fists some 50 fermented foods of  these regions. 
My files contain references to at least that many more. 

Where data are available, protein contents of  foods Iisted 
in Table II are presented in Table Ill. It should be noted 
that the protein content  varies greatly. 

Rather than at tempt to describe a number of the foods 
in Table II, I will concentrate on only five of those above 
which have the most published information. 

IDLI 

This is a steamed fermented food made from two parts 
rice and one part black gram dal (dehulled Phaseolus 
mungo] and is used typically as a breakfast food. Black 
gram is also called urd beans in the United States. Idli 
is a popular fermented food of  south India; the fermenta- 
tion inoculum is the natural flora in the starting materials. 
According to Ramakrishnan (4), this food goes back to at 

F I G .  1. ld l i  f e r m e n t a t i o n .  

Wheat g r a i n s  covered w i t h  wa te r  
4. 

Heated s lowly to  b o i l i n g  and sLrmnered u n t i l  s o f t  

Sour mi lk  from churn ing  mi lk  i n  
sk in  bags 

Salt 

Whey or raw milk 

Washed with cold water 

Dried on mats 
$ 

(;round 

Sieved to remove seed coats 

Placed in  pots  and mois tened  
wi th  s l i g h t l y  s a l t e d  b o i l i n g  wa te r  

Mixed to give a pas t e  
l 

24 h r  f e r m e n t a t i o n  
which kncreases  vol~ne 

t 
Mixed 

t imes more of  whe) added 
$ 

Dilu ted  w~ith milk or  wate r  to 
give a syrapy c o n s i s t e n c y  

Fe rmen ta t ion  24 h r  
$ 

Nixed and formed i n t o  srruail b a l l s  
+ 

Placed on mats and sun d r i e d  

Kishk 

I"1(;. 2. K i s h k  f e r m e n t a t i o n .  

least 1100 AD. Figure 1 is a flow diagram of the idli fer- 
mentation. 

The steamed food is very soft and spongy in texture and 
possesses a sour flavor like steamed sour-dough bread (30). 
The amounts of rice to black gram may vary from 4:1 to 
1:4. In some instances, other ingredients are added for 
flavor, such as cashew nuts, ghee, pepper, and ginger. The 
amount of soaking water can vary from 1.5 to 2.2 times the 
dry weight of the black gram dal or the rice. Steinkraus 
et al. (30) found that soybeans or common beans (Phase- 
olus vulgaris] could be substituted for black gram to form 
a satisfactory idli. The fermentation will vary depending on 
the temperature and the ingredients, but generally Stein- 
kraus et al. (30) found 20-22 hr to be satisfactory. In India, 
sour buttermilk or yeast is sometimes added. The two most 
important  changes during fermentation are leavening and 
acidification. The above authors found that the batter 
volume increased 1.6-3.1 times and the initial pH of 6.0 
fell to 4.3-5.3. Soluble solids generally showed a slight in- 
crease, whereas soluble nitrogen decreased. The bacterial 
count ranged from 103 to 105/ml and rose to 108 to 109/ 
ml at the end of 20-22 hr. The predominant organism pro- 
ducing acid and gas was Leuconostoc mesenteroides. 
Other bacteria were Streptococcus faeealis and Pedio- 
coccus, and these probably came from the black gram since 
parboiled rice is often used. 

The nutritive value of  idli was reported by van Veen 
et al. (2) using rats. Their idli contained 15.3% protein, 
with a PER of 1.84 as compared to 1.79 for the same un- 
fermented and untreated ingredients. They conclude that 

370 J. AM.  O I L  C H E M I S T S '  SOC.  M a r c h  1 9 7 9  ( V O L .  56 )  



~ize so~ked in lukewarm water for l-I days 

Wet milled 
$ 

Sieved to re~ove fiber, hulls, and n~ach of germ 
+ 

Filtrate allowed to sour 

White sour sediment marketed as wet cake wrapped in leave5 

FIG. 3. Ogi fermentation. 

t he  f e r m e n t a t i o n  a p p a r e n t l y  did n o t  i m p r o v e  t he  PER or  
t he  digest ibi l i ty .  

KISHK 

Kishk is a whea t -mi lk  m i x t u r e  c o m m o n l y  f o u n d  
t h r o u g h o u t  t he  A r a b  wor ld .  The  fo l lowing  a c c o u n t  is t a k e n  
f rom the  r e c e n t  s tud ies  o f  Morcos  e t  al. (12) .  Typ ica l ly  t he  
mi lk  used  is the  surp lus  t h a t  a c c u m u l a t e d  d u r i n g  the  w in te r  
and  is s to red  in e a r t h e n w a r e  c o n t a i n e r s  to  be  used  in  t he  
summer .  The  process  is s h o w n  in F igure  2. 

S o m e t i m e s  spices such  as p e p p e r  or  c u m i n  are added  to  
t he  milk.  The  m i c r o o r g a n i s m s  are t h o s e  p r e s e n t  in  t h e  mi lk ,  
and  c o u n t s  show large n u m b e r s  o f  Lactobacillus plantarum, 
L. casei, L. brevis, yeas t ,  and  Bacillus subtilis. Usual ly  t h e  
k i shk  is h e a t e d  in  an  oven  to  i m p r o v e  its keep i ng  qua l i ty .  
The  balls are b r o w n i s h  in co lor  a n d  have  a r o u g h  surface  
and  a h a r d  t ex tu r e .  W h e n  p laced  in wate r ,  t h e y  rap id ly  
b r e a k  up .  

Morcos  et  al. (12 )  r e p o r t e d  analyses  o f  five samples  of  
c o m m e r c i a l  k i shk  wh ich  s h o w e d  a p r o t e i n  c o n t e n t  o f  
23.5%. Its c o m p o s i t i o n  based  on  t h e  m e a n  o f  five samples  
was:  7.8% Mois ture ,  23 .5% Pro te in ,  6 .9% Fa t ,  59.0% Carbo-  
h y d r a t e ,  2.5% Fiber ,  and  8.1% Ash.  

The  mine ra l  c o n t e n t  was 55 m g / 1 0 0  g Calc ium,  4 1 0  
m g / 1 0 0  g P h o s p h o r u s ,  and  3.8 m g / 1 0 0  g I ron .  

The  a m i n o  acid c o n t e n t  of  k i shk  based  o n  mg/g  N is 
s h o w n  be low.  

P h e n y l a l a n i n e  3 1 0  
T h r e o n i n e  220  

I so leuc ine  and  l euc ine  1050  
His t id ine  155 
Arg in ine  3 10 
Va l ine  33 5 
T r y p t o p h a n  65 
Lys ine  3 10 
T y r o s i n e  255  
Cys t ine  1 10 
M e t h i o n i n e  120 

In the  dry  s ta te ,  k i shk  m a y  be  k e p t  for  long  per iods  
of  t ime.  

OGI 

Ogi, a f e r m e n t e d  sour  ma ize  p r o d u c t ,  is t yp i ca l  o f  a 
n u m b e r  o f  p r o d u c t s  w i th  d i f f e r en t  t r iba l  n a m e s  f o u n d  all 
t h r o u g h  Black  Africa.  Ogi is the  n a m e  given  b y  t he  Y o r u b a s  
in w e s t e r n  Nigeria t o  t he  f e r m e n t e d  ma ize  p r o d u c t .  Pre- 
p a r e d  i n o c u l u m  is n o t  used ,  b u t  r a t h e r  t~e  se l ec t ion  o f  a 
pa r t  o f  t he  n a t u r a l  f lora  o n  t he  maize  is d e p e n d e d  o n  for  
the  s ta r te r .  Ak in re l e  (16) ,  an  a u t h o r i t y  o n  f e r m e n t e d  foods  
o f  th is  p a r t  o f  Afr ica ,  s ta tes  t h a t  ogi  is wide ly  used  as t he  
f irst  na t ive  food  given to  bab ies  at  wean ing  and  is a m a j o r  
b r eak fa s t  cereal  for  adul ts .  The  fo l lowing  a c c o u n t  is based  
m a i n l y  o n  t h r e e  paper s  by  Ak in re l e  (16 )  a n d  Ban igo  and  
Muller  (26 ,31 ) .  The  l ow  energy  r equ i r ing  p rocess  is illus- 
t r a t e d  in F igure  3. 

The  ogi cake  m a y  be  d i lu ted  w i t h  wa te r  to  give a l iqu id  
w i th  8-10% t o t a l  solids.  This  is bo i l ed  and  ca l led  ogidi,  o r  
the  cake  m a y  be  c o o k e d  i n t o  a s t i f f  gel ( e k e )  a n d  m a d e  
i n t o  a meal .  

Ak in re l e  (16)  s ta tes  t h a t  in  Nigeria  t h e  v a r i a t i o n s  in  th is  
process  are m a i n l y  in t imes  fo r  s t eep ing  and  sour ing .  
S teep ing  var ies  f rom one  to  t h r e e  days,  a n d  sou r ing  t ime  
d e p e n d s  o n  t h e  p r o d u c t i o n  o f  a good  sou r  f l avor  as de ter -  
m i n e d  b y  tas te .  This  a u t h o r  f o u n d  t h a t  a t  t h r e e  days,  t h e  
p r e d o m i n a n t  m i c r o o r g a n i s m s  were  Lactobacillus plantarum, 
Aerobacter cloacae, and  yeas t s ;  n o  m o l d s  were  p resen t .  
The  in i t ia l  pH of  5.6 fell to  b e t w e e n  3.5 to  3 .85  at  t he  end  

TABLE IV 

Nutrients in Ogi (16) 

Mixed culture of a 
Lactobacillus and Traditional 

Analysis Unfermented ogi Aerobacter fermented ogi 

Total N (%) 1.38 1.54 1.49 
Amino N (%) 0.04 0.02 0.05 
Nonprotein N(%) 0.10 0.07 0.06 
Thiamine (rag/100 g) 0.06 0.04 0.11 
Riboflavin (rag/100 g) 0.07 0.14 0.08 
Niacin (rag/100 g) 0.68 1.15 0.85 
Folic acid (mg/100 g) 0.05 0.05 0.05 
Pantothenic acid (mg/lO0 g) 0.04 0.03 0.01 

aExperimentally simulated traditional ogi fermentation. 

TABLE V 

Proximate Composition of Cereals and Ogi Samples a (31) 

Corn Sorghum Miller Corn 
Corn Ogi b Sorghum Ogi b Millet Ogi b Corn Ogi c 

Moisture 10.8 41.0 11.8 41.0 12.4 41.3 10.7 47.4 
Crude protein 12.0 11.5 11.3 11.3 10.3 9.1 "7.2 3.6 
Fat 4.4 3.9 3.9 2.7 4.8 "7.5 5.0 1.6 
Crude fiber 1.46 1.08 1.52 1.75 1.48 1.47 1.72 0.23 
Carbohydrate 
(by difference) 81 83 82 84 82 81 85 93 
Ash 1.49 0.39 1.68 0.45 1.77 0.56 1.37 O. 19 
Cals 410 414 407 405 411 430 413 410 

aAs a percentage on dry basis except moisture. 
bwet-milled with Waring blender-Colloid mill combination. 
CWet-milled with a pestle and mortar. 
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Maize meal 

~I~ed i n  warm water to  give 8% solids 

Cooked at 15 psi for 15 min 
I 

Cooled 

Inoculated [5% wheat flour and adapted pure culture of 
Lactobacillus delbrueckii) 

Incubate 50-35 C with wheat. If 
~. d.e.l.brueckii, incubate at 45 C 

Fermenta t ion  56 h r  w i t h  mixing  on ly  a t  the  
b eg i n n i n g  of f e rmen t a t i o n  

d. 
Heat f o r  10-15 rain a t  7 I b / s q  i n .  

C- 
Spray or  drtma dry  

FIG. 4. Mahewu fermentation. 

of three days. Steeping for one day in warm water was 
sufficient for the production of lactic acid bacteria. The 
principal acid is lactic, and the only amylase was formed by 
Corynebacteria. Acetic acid and traces of butyric acid were 
also found. 

Akinrele (16) studied some of the nutrients in ogi. 
Some of his data are presented in Table IV. 

According to Banigo and Muller (31), besides corn, 
sorghum and millet may also be used to produce ogi. The 
total solids in corn and sorghum ogi were about 83% of 
the original dry weight, whereas they were as low as 61% 
in millet. Using these three cereals, there was no signifi- 
cant change in most of the amino acids except for tysine, 
the limiting amino acid in cereals, which was reduced by 
about 50%. Table V is taken directly from the results 
obtained by Banigo and Muller (31). 

In a second paper, Banigo and Muller (26) studied the 11 
acids formed during the ogi fermentation and found that 
lactic, acetic, and butyric acids were the dominant ones. 
The lowest pFl was found to occur at about  two days when 
maize was the fermented substrate. The preferred pH of the 
product is from 3.5 to 3.7. 

MAHEWU (MAGOU) 
This is a South African beverage, similar to ogi, that is 

now manufactured on a modern inudstrial scale as a dry 
product (19,28,32). Mahewu is a sour, nonalcoholic bev- 
erage consumed extensively by the Bantu and plays an im- 
portant role in their diet. The Bantu generally prefer a 
product with about 8% solids content  and an acidity of 0.4 
to 0.45% lactic acid. Volatile fatty acids, such as acetic 
and butyric, are unacceptable. Alcohol should not be pre- 
sent in concentrations higher than 0.5%. The Bantu pre- 
pare this food by boiling a thin maize porridge containing 
about 8 to 10% solids. After boiling, the liquid is cooled to 
25 C and a small quanti ty of wheat flour (about 5% of the 
maize meal used) is added. This is the source of the ino- 
culum and therefore differs from the preparation of ogi, 
although the results are the same, the production of a 
soured maize product. The inoculated liquid is placed in a 
warm, sunny place to turn sour. The main microorganism in 
native-made maliewu is Streptococcus laetis. Disadvantages 
of the native process are: acidulation takes too long; acid 
is irregularly formed; volatile fatty acids are formed; and 
s coti may develop in the product. Usual pH of the 
product is about 3.5. . 

The industr!al process is somewhat different and is out- 
lined in Figure 4 as described by Schweigart and deWit 
(28) and Schweigart and Fellingham (19). 

These authors found that at 45 C with wheat flour and 
L. delbrueckii the correct acidity (pH 3.5) was attained 
in only 16 hr, and almost all the acid was lactic. Wheat 
flour is necessary, since it has a stimulating effect on the 
souring process. 'L. bulgaricus may also be used. The low 
protein product  can be enriched by adding skimmed milk 
or whey powder, soybean flour, food yeast, or fish flour. 
Wheat bran may be substituted for wheat with excellent 

results, provided it is not  heated. Its beneficial effect is 
believed to be from the enzymes present, since heating of 
either wheat or wheat bran causes loss in their ability to 
stimulate acid production by the bacteria. 

If the mahewu is heated to destroy the enzymes, the 
product may be kept at room temperature for at least 1 
year. The powder may be reconstituted with water. Since 
the product is used by laborers in heavy industry, its nutri- 
tive value was examined. These studies on mahewu showed 
it to contain 7 to 9% protein of a low quality when unfor- 
tified. The initial vitamin B 1 level is almost unchanged, 
and the B 2 remains intact. Niacin present in a bound form 
in maize is freed by autoclaving and doubles in value. For 
more details, the reader should consult Schweigart et al. 
(32). 

The modern industrial process for preparing magou, as 
I saw it several years ago, operates as follows: magou is 
prepared by the fermentation of coarsely ground white 
corn meal (maize). Pure cultures of Lactobacillus used 
in this fermentation were isolated from native magou. The 
culture, which is not pure, is started in coarse whole wheat 
flour. The corn meal to be fermented is sterilized for 1 hr 
plus a holding time of about 45 min to give a thick slurry 
of about 9% solids. The thick corn slurry is inoculated at 
47 to 52 C with the mixed starter culture. After inocula- 
tion, the fermentation is allowed to proceed in open 
1000-gallon steel tanks without heat control and with little 
or no aeration for about 22-24 hr. The ptI of the ferment- 
ing corn slurry drops to between 3.65 and 3.95. Probably 
because mixed cultures are used, no problem with phage 
ever has occurred. The mash from the fermentation tanks 
is mixed with defatted soybean meal, sugar, whey or butter- 
milk powder, and yeast. The soybean meal used contains 
at least 52% protein. After thorough mixing of all the 
ingredients, the mix is spray dried. In 1970, this product 
sold for about 10 cents a lb in 50-1b bags. The final product 
has a moisture content of 3.5-4% and can be kept in a dry 
state for a year. Thus, the products can be transported long 
distances and preparation requires only the addition of 
water. Magou is used principally for feeding miners and 
other workers employed in heavy industry. It can be taken 
into the mines and reconstituted at the point of consump- 
tion. 

KAFFIR BEER (BANTU BEER, 
SORGHUM BEER, MQOMBOTHI) 

Kaffir beer has a number of names (Zulu, utshwala, 
Sesuto, joala, Eastern Cape, utywala) and is the drink of the 
Bantu people of South Africa. This beer, which is con- 
sumed as a food, is produced by both modern industrial 
and village processes and is quite different from European 
beer. Kaffir beer is pink and opaque because of the sus- 
pended solids. It has a pleasant yeasty odor with a slightly 
frui ty  tang not unlike yogurt and is bubbling because it 
is still in an active fermentation state. The corn grits in the 
beer give it a scratchy or mealy consistency that may not 
appeal to Western people. The pinkish color arises from the 
red sorghum used in malting. Kaffir beer is always con- 
sumed in an active state of fermentation and, hence, can be 
kept for only a few days. 

The production of Kaffir beer by the industrial process 
for 1974-1977 is shown in Table VI (Dr. J.A. deVilliers, 
personal communication,  1978). The current average price 
is 15 cents per liter for pack (polythenelined cardboard) 
and 10 cents for bulk beer, which is less than half the price 
of milk or Coca Cola. It is estimated that production of 
home-brewed Kaffir beer about equals that produced in- 
dustrially ( 1 ). 

The modern method of producing Kaffir beer is shown 
in Figure 5. Some plants have a 4.5-million gallon capacity 
per month. Part of this production goes into containers 
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Sorghum t'Y, aff ir  corn, red varieties) 

Cleaned and washed 

Steeped 8 to 24 hr 

Gerr~inated S to 7 days at Z5 to 50 C in depth of 3 to 4 ft and watered 
for first 3 days 

[ <~--- Grain naxst be turned and cool air used to reduce heat 

Malt (60-65% moisture: roots and shoots 1-2 in. in length) 

Dried at 50 to 60 C 
l 

Ground 

Finished sorghum malt ~_a-amylase, 30 to 40%; alpha-amylase, 60 to 70%) 

[~____ Water 

10% [noculum from previous hatch 

Fer~ntation, 48 go 50 C, 8 to 16 hi (fem~tation equals one-third 
volume of beer) 

b 
Finished sour mash, pH 3 to 5.5 

P~ed to cooker and diluted with 2 vol of water 
L 

<---- Corn grits [occa3ionally sorghum grits may be added) 

Cooked 2 hr at atmospheric pressure 

Cooled to 60 C 
i 

Sorghum malt added 

Held for 1-1/2 to 2 hr 
i 

Cooled to 50 C 

l ~---- op fermenting yeast <Sacch~ram~ces cerevisiae NRRL Y-7184) 
a~ pure culture 

Strained to remove coarse particles of malt husks 
i 

Fermentors, 50 C, 8 to 26 hr if bulk beer; 0 to 6 hr if sold in cartons 

Fir~$hed Kaffir beer 

FIG. 5. Kaffir beer fermentation. 

similar to mi lk  car tons  excep t  small openings are lef t  for  
escape of  gas, and the  rest is bulk beer  delivered by stain- 
less-steel tank t rucks  direct ly  to the beer  halls. Details 
about  the malt ing,  brewing,  and inocu la t ion  can be found  
in papers by Novell ie  (1,18),  Schwartz  (33),  and van der 
Walt (34). 

The number  of  breweries can be divided into  three 
classes: three large breweries wi th  annual  p roduc t i on  o f  17 
mil l ion or  more  imperial  gallons each ; t 6 breweries  wi th  an 
annual capaci ty  o f  1 to 7 mil l ion imper ia l  gallons; and 50 
minor  producers  who  annual ly  p roduce  less than  1 mil l ion 
imperia l  gallons. 

Bantu beer  conta ins  lactic acid but  must  no t  conta in  
acetic acid. The  nat ives '  acute  sense o f  taste makes  acetic 

acid distasteful  to them.  If the  beer  is sour  and conta ins  
l i t t le  a lcohol ,  this appears to be still very  acceptable .  The  
low pH, o f  course,  prevents  o the r  types  o f  bacter ia  f rom 
growing bu t  al lows yeast  f e rmen ta t i on  to  p roceed  rapidly.  
The  acid sof tens  the  pro te in  endospe rm to al low release of  
starch, a ma jo r  ingredient  in the  beer. It provides  the  sugars 
for  f e rmen ta t i on  but  also is par t ia l ly  gelat inized.  This helps 
keep the  ungela t in ized starch and grain part icles in suspens- 
ion to  give the  right appearance and mouth fee l .  

Because of  the  shift  f rom sorghum grits to corn grits, 
changes have occur red  in the  v i t amin  c o n t e n t  o f  the beer. 
Corn is used because it  is cheaper  than sorghum.  Vi tamin  
con ten t  data are no t  reliable and need  to be res tudied  for 
the  m o d e r n  fe rmen ta t ion .  

The  Bantu  indus t ry  is un ique  in several respects ,  accord-  
ing to Dr. Novel l ie :  (a) It is the on ly  large m o d e m  indus t ry  
founded  on  a tr ibal  art. (b) The  indus t ry  is in the  hands  o f  
local  author i t ies  and no t  private indust ry .  License to  brew 
Bantu  beer  is granted to each munic ipa l i ty  by the  Federa l  
government .  (c) Profits are con t ro l l ed  by the  gove rnmen t ,  
and the  greater  a m o u n t  of  prof i t  goes for  Bantu  develop-  
men t  projects .  (d) Sorghum mal t  and yeast  i nocu lum is 
made  by private indus t ry  and sold to  the  munic ipa l  brew- 
eries. Thus,  in 1965-1966,  the munic ipa l  breweries  bought  
244,500 lb of  dried yeast  for pi tching.  The  yeast  in the  beer  
is never  r emoved ,  because it is consumed  in a raw state wi th  
the l iquid.  The  yeast  used original ly came f rom Dr. J.P. 
van der  Walt 's  isolat ion o f  yeast  f rom a good native fermen-  
ta t ion.  He regular ly makes  cul tures  available to the  com-  
panies that  prepare the  dry  yeast .  

The  range in analyses of  Bantu  beer  is given in Table  
VII. Modern Bantu  beer  research s tar ted at the  Counci l  for  
Scientific and Industr ial  Research (CSIR)  in 1954 wi th  no 
outs ide  financial  suppor t .  Later  suppor t  came f rom the 
municipal i t ies  who  dona ted  m o n e y  to the  Ins t i tu te  o f  
Admin i s t r a t ion  o f  non-European  Affairs,  and this off ice  
funded CSIR research. Later, the  gove rnmen t  placed a 0.75 
cent  per  gallon levy on sales o f  Kaff i r  beer  to f inance re- 
search at CSIR. 

In this brief  accoun t  of  f e rmen ted  vegetable  foods  made  
by fe rmen ta t ion ,  I have m e n t i o n e d  the  m u l t i t u d e  o f  prod-  
ucts in Africa,  the  Middle East,  and India. These  are m a d e  
principal ly f rom cereals by bacter ial  f e rmen ta t ion .  Fu r the r  
deve lopmen t  of  these  products  and their  for t i f ica t ion  wi th  
prote in ,  such as soybean  meal ,  of fer  a real challenge.  In 
any such a t t e m p t  to do this, I th ink  it would  be wise to  
s tudy the  deve lopmen t  o f  the Kaff i r  beer  indus t r ia l iza t ion  

TABLE VI 

Production of Kaffir Beer by Industrial Process 

Bulk beer Park beer Total value 
Year (million liters) (million liters) (million rand) 

1974 425 518 68 
1975 409 504 76 
1976 342 501 82 
1977 348 531 90 
Home production may be nearly as much. 

TABLE VII 

Analytical Data for Bantu Beer 

Determination Range of analysis Average 

pH 3.2 - 3.9 3.5 
Lactic acid, mg % 164 - 250 213 
Volatile acidity as g 
acetic acid/100 m I 0.012 - 0.019 0.016 
Total solids, % 2.6 - 7.2 4.9 
Insoluble solids, % 1.6 - 4.3 2.3 
Alcohol, % by weight 2.4 - 4.0 3.2 
Nitrogen, % 0.065 - 0.115 0.084 
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in Africa. 
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