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Introduction

The gap between protein supply of the world and the growth of the global population 

continues to be w iden, and proper ways for narrowing this gap have become an urgent 
matter- Animal protein sources are costly and it is difficult for the developing countries to 

increase their animal protein sources due to increasing costs. On the other hand, fifteen to 

thirty percen t of the protein calories are b e in i m 9t in the foods of the African, Asian and 

Central American people through the use of high protein leguminous seeds ’ • But these legumes 

are deficient in sulphur containing amino acids, like methionine and cystine, and rich in lysine 

The protein value of lentils, chickpaas and fa\/a beans varies between 20 to 27%-

Inspite of high content of protein in legumes, there are some natural chemical substances 

which give undesirable reactions For example, fava bean contain toxic substances which 

cause the homelytic disease favism in individuals w ith  an heriditary deficiency of glucos-6-phos- 
phate dehydrogenase in red blood cells It has been also reported that fava beans contain 

hemagglutinating factors The other legumes, lentils and chickpeas also reported to have hema­

gglutinating and antinutritional factors -•

There was extensive study of the fermented products from soybeans in South East Asia 

One of these popular ferm ented products of soybeans by Rhizopus oligosporus is Tempeh, whose 

nutritional quality is better than the unfermented soybeans in respect of vitamins like riboflavin, 
nicotinic acid, vitamin B 12/ pantethenic acid and protein ®,«. Moreover this fermented product is safer 
than raw beans in respect of food poisoning bacteria and antinutritional toxic factors The 

shelf life of the products are also long and they are pallatable to eat- An investigation of the 
nutritional quality of the Tempeh had led to  suggest in being us3d as a possible source of 
low-cost protein food for child feeding in developing countries.
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Therefore, this present study was designed to investigate the effect of fermentation by the 

same mold Rhizopus oligosporus on the toxic substance in lentils, chickpea and fava bean to  
improve their nutritional quality-

Materials and Methods

Dry fava beans, lentils and Kabuli chickpeas were selected for the process of fermentation  

by mold- These legume seeds were purchased from the local market, cleaned and undesirable 
seeds were removed.

The mold selected was the Terrpsh producing Rhizopuas oligosporus ( N R R L) 2710). This 
culture was brought from Dr- Hesseltine of U.S A. and the freeze dried culture was revived on 
peptone dextrose agar { P. D A - ).

Chemicals used for the analysis of antitrypsin factors on the legumes were casein, purcha- 
ded from Nutritional Biochemical corporation, U.S A. Trypsin EDTA was used from GIBCO  

( Grand Island Biological Co- California ) U .S.A. in concentration of 5 m g/m l instead of Trypsin 

( E. Merck ) mentioned in the method. All other chemicafs used were of analytical grade-

Fermentation of Fava beans

The methods of Murata et a|. ( 1967 were followed for the fermentation of legumes w ith  
some modifications- Fava beans were soaked overnight in w ater in the proportion of 1:3. Then they 

were dehulled by hand and skins were separated to allow for growth of mold ® Then the beans 

were kept in the incubuter a t 37°C, on a w ire  basket. As soon as the temperature of the beans 

reached 37°C, they were taken out of the incubater and the process of inoculation with the Inoculum  
of Rhizopus oligosporus was followed-

Preparation of mold

The mold took 4 -5  days for revival from the freeze dried culture and several peptone 
dextrose agar plate& were inoculated for the preparation of sufficient inoculum for the next
step.
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Preparation of inoculum

Preparation of inoculum for farmentation was done from tha 48 hours grow th of the 
fungal spores streaked on P.D.A. These spores from  the P.O.A. plate were mixed w ith  2 gms 
of whet flour ( s ta r ih )  by spreading w ith  a sterile glass sprea'er. Then the mixed spores from 
P.D.A. plate were used as the inoculum for 100 gms of dehulled legumes. In a clean beaker, 
these spores and lOO gms of fava beans were mixed and transferred to a polyethylene bag (16x8 
cm). This polyethylene bag w ith  inoculated beans was sealed, perforated every 5 cm apart and 
incubated at 37-40°C for fermentation.

Optimum condition for fermentation

The mold Rhizopurs oligosporus requires three factors for better production of fermented 
products. These are oxygen, moisture and heat. The various factors are closely interrelated and 
somewhat independent ( Hermana, 1962 )s. Sufficient oxygen is required for rapid growth of the 
mold. If air flow  is too high, mold metabolizes too rapidly which produces enough heat to injure 
the growth. In insuffic ient oxygen supply there w ill be poor growth of the fungal spores on the 
legumes. So, a slow uniform diffussion of air was needed on the beans. This was done by 
perforating the polyethylene bag containing inoculated fava beans. Moisture for the growth of 
the mold is also required. There must be sufficient moisture for the better growth of the mold 
on the legumes. When the legumes became dry, sterile water was introduced into the polyethy­
lene bag using a sterile Pasteur pipette to have optimum moisture content. Introduction of water 
was done in such a way that no excess moisture remained inside the polyethylene bag because 
it  prevents optimum oxygen diffusion into the fermented legumes and ultimetely inhibits the mold 
growth. 0'1 the other hand, excess moisture favours food spoiling bacterial growth'*. Fermenta­
tion  was done for 48 hours.

In this way, another sample of fava beans boiled for 1 hour was fermented, Unfermented samplas 
were kept in the deep fieeze.

Fermentation o f lentils

Preparation of lentils bafore inoc'jlation was different from fava b3ans. Lentils were soaked for 
tw o hours and dried to remove excess moisture^ then inoculated by the mold spores according to the 
p r e v i o u s  methods of fava beans. Then the polpethylene bags containing lentils were incubated at 
the required tempe--ature. Unfermented samples were kept in the deep freeze.
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Fermentation of chickpeas

Chickpeas were soaked overnight and then dehulled like fava beans and ferm ented by 

the same procedure of Tava beans and lentils. Unfermented samples w ere kept in the deep 
freeze.

Checking of fermentatron

A fter 24 hours incubation of legume samples, w hite mycelia of fungal grow th were ob ­
server* on the products surface. M oisture and tem perature o f the products w ere checked 
occasiopally by naked eye and therm om eter. A fter 48  hours incubation, samples w ere taken  
out o f the incubator and kept into deep freeze for stopping the ferm entation.

All the unferm ented and fermented sam ples w^re prepared in duplicates. The fo llo w in j  
samples w ere prepared.

Fava beans
1) Fava beans ( raw, soaked for 1 hour )

2) Favn beans soaked for overnight ( unfermented c o n tro l)
3) Fava beans soaked for overnight and ferm ented
4) Fava beans boiled for 1 hour ( unferm ented)
5) Fava beans boiled and fermented

Lentils
1) Lentils ( R a w )
2) Lentil? (so aked  for 2 hrs, unfermented control )
3 ) Lentiis ( soaked and ferm ented )

Chickpeas
1) Chickpeas (R a w , soaked for 1 h o u r)
2) Chickpeas (so aked  for overn ight, unfermented c o n tro l)
3) Chickpeas ( soaked and ferm ented )

All these samples w ere freeze dried, powdered into 20 mesh and kept in the deep 
freeze for further experiments.
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Testing of Hemagglutinating and Antitrypsin factors in legumes: Hemagglutinating and Toxic 
Substances of Fava bean.

The hemagglutinating activ ity of the fava bean's extracts and other legumes were done 
according to Liener and H ill ( 1953 ) 1 “ and Tannous and U liah ( 1969 ) '.

Antitrypsin factors in lentiis and chickpeas

To determine the antitrypsin factors in lentils and chickpeas, the method of Roy and Rao 
et a! 11 for extraction was followed. For enzymatic activ ity measurement, the method of Kakade 
et al.i2 was followed w ith  some modifications. Extracts of 5% powdered legumes in water were 
made by mixing for 3 hours using a m icroid shaker. These extracts were then centrifuged at 
15°C and 700 r.p.m. for 20 minutes and the supernatant was separated for expjrim ent.

Results
The effects of fermentation by the mold Rhizopus oligosporus on the I’ emagglutinating 

fac'ors in fava beans are shown in Table 1. From the data it can be observed that after 
fermentation for 48 hours by the mold, there was a decrease of 75% of the total hemagg- 
lutinating factors in the soaked and fermented beans.

In the Table II, the effect of fermentation on the hemagglutinating factors of lentils was 
100% and in the Table 111 also no hemagglutinating factors could be detected in the raw and 

fermented samples.

Table IV showed that no antitrypsin factors were present in the lentils and Table V 
showed 54% decrease o f antitrypsin factors in the fermented chickpeas.

Discussion
The results in general indicated that there were some effects on the hemagglutinating 

and antitrypsin factors of the legume after fermentation by the Rhizopus oligosporus (NRRL 
2710). The decrease in the Hemagglutinating factors in fava beans a'ter fermentation was 75% 
and there were to ta l destruction of hemagglutinating factors in lentils after fermentation. No 
hemagglutinating factor in chickpeas was observed during our experiments and this was also 
confirmed by Tannous and Ullah, (1969)i. There was 54.0% decrease of antitrypsin factors in 
chickpeas after fermentation and no antitrypsin factor was present in lentils (Liener, 69)^.
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The hemagglutinating and antitrypsin factors which are found in the legunries are almost 
completly destroyed upon autoclaving and boiling, but main purpose of prepering Tempeh pro­
ducts from the legumes were to study the effect of fermentation on these tw o toxic factors. 
Moreover, it was shown that during the processing of the legumes by fermentation w ith the 
Rhizopus oligosporus, the products become digestible’ .̂ There are reports that during the process 
of fermentation, no aflatoxins*' are produced in the products, on the otherhand, the Rhizopus 
oligosporus reduced aflatoxin Bi content by 50%- This fermentation system not only reduces 
some of the toxic factors in legumes, but also enhance the nutritive value of the substracts.® There 
was no suitable methods to test the reduction of toxicity in fava beans by fermentation by the 
Rhizopus oligosporus Therefore, antitrypsin and hemagglutinating factors of the fermented 

2nd unefrmented fava beans, lentils and chickpeas were studied

But the favism causing factors of fava beans were not related w ith hemagglutinating factors 
as reported by Baba (1977)“ . To study the actual effect of the fermented fava beans on the 
toxicity of the bean may be conducted in heaith centres w ith  human volunteers under a phy- 
sisian surveillance- As thess beans are popular in the countries of Asia and Africa, these can 
be potential source of nutrients of these people of these countries if toxic components in them 
can be eliminated by fermentation processes-

Tabe 1-Effect of Fermentation on the Hemagglutinating Factors in fava beansa

Treatment
Soaked for 
1 hour

Soaked for 
1 hour and 
Fermented

Boiled 
for 1 
hour

Boiled
for 1 hour and 
Fermented

Hemagglntinating 80 20 0 0
factors
% Decrease 75 100 100

a. Each figure represents average of duplicating determinations.

Table li-Effect of Fermentation ( 48 hours ) on the Hemagglutinating Factors in LentilSa

Treatment Raw Soaked for 2 hrs- 
and Fermented

Hemagglutinating 640 0
Factors (Unit/gm) 
% Decrease — 0

a. Each figure represents average of duplicating determinations-
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Table II I Effect of Fermentation ( 48  hrs- ) on the Hemagglutinating Factors in Chickpeas"

Treatment Soaked for Soaked and
overnight Fermented

Hemagglutinating 0 --
Factors ( U n it/gm  ) — 0

a. Each fi re represents average of duplicating determinations-

Table IV Effect of Fermentation ( 48  hrs. ) on the Antittrypsin Factors in Lentils.,

Treatment Raw Soaked for Soaked for 2 hours and

2 hours Fermented

Antitrypsin 0 0 0

Factors %

% Decrease 0 0 0

a. Each figure represents average of duplicating determinations.

Table V. Effect of ferm entation on the Antitrypysin Factors in Chickpeaso

Treatment Soaked for Soaked for Soaked and

1 hour overnight Fermented

Antitrypsin 20-1 20.9 9.6

factors %

% Decrease 0 54.0

a, Each finiire represents average of duplicating determinations-
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