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ABSTRACT 
 

Aims: This study was conducted to isolate, identify and screen microorganisms associated with 
soy iru for the ability to be used as starter in the fermentation of soya bean (Glycine max) to 
produce soy iru. 
Study Design: To control the fermentation of soya bean (Glycine max) to produce soya iru using 
functional starter culture in order to improve the quality of the product. 
Place and Duration of Study: Soybeans (Glycine max) samples were collected from markets in 
Ibadan, in Oyo State Nigeria. Analyses of the samples were conducted in the Department of 
Microbiology, University of Ibadan and Central Multidisciplinary Research Laboratory in the 
University of Ibadan, Nigeria. The sampling and analyses were done between August 2014 to 
January 2015.  
Methodology: Soybean (Glycine max) seeds were purchased from markets, in Ibadan, Oyo State, 
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Nigeria. Spontaneously fermented locust bean iru samples were also purchased from iru seller 
from markets, Ibadan, Oyo State and they were analysed using Nutrient agar, DeMann Rogosa 
and Sharpe medium (MRS), MacConkey Agar and Malt Extract Agar and isolates were also 
screened for enzymatic activity. The antibacterial activity of LAB metabolites against some indicator 
organisms was also determined; 
Results: A total of thirty eight (38) strains of bacteria were isolated, seven (7) isolates from locust 
bean iru (LBI) and thirty one (31) isolates from soya bean iru (SBI). Bacillus subtilis SBI 13 and 
Leuconostoc mesenteroides SBI 15 produced the three enzymes and the highest protease activity 
was produced by Bacillus subtilis SBI 13. All the isolated LAB produced antimicrobial compounds; 
lactic acid, diacetyl and hydrogen peroxides with Leuconostoc mesenteroides SBI 15 producing the 
highest quantity of diacetyl (0.91 g/l) and hydrogen peroxide (1.10 g/l) while the highest quantity of 
lactic acid (1.61 g/l) was produced by Lactobacillus plantarum. Bacillus subtilis SBI 13 and 
Leuconostoc mesenteroides SBI 15 were chosen as starter cultures for further study. 
Conclusion: Bacillus subtilis and Leuconostoc mesenteroides exhibit the best potentials of a good 
starter so they can be used as starter culture in the fermentation of soya beans to produce Soy Iru. 
 

 
Keywords: Soybean; starter culture; fermentation.  
 
1. INTRODUCTION 
 

Soybean (Glycine max L.) is one of the 
nutritionally richest natural vegetable foods 
known to human kind, records of its food usage 
dates back to 2838 BC in China [1]. Although, 
having high protein content, minerals, vitamins 
and bio-actives, it has little direct use because of 
high satiety value caused by high oil content, 
poor digestibility, green beany taste, long 
cooking time and persistent bitterness. Soybeans 
as a food is used as soymilk, soy flour, soy oil, 
feed for livestock and poultry, soy concentrate, 
protein isolates, soy yoghurt, tofu and fermented 
foods such as Tempeh, soy sauce, Miso, Natto 
and Sufu [1].  
 

In Nigeria, soyabean is fermented to make soy-
dawadawa, a soup condiment and it is also used 
to make improvement in the diet of many 
Nigerians, particularly children and nursing 
mothers. Soyabean seed is rich in plant protein. 
Soy iru (soy dawadawa) is a food flavouring 
condiment prepared by fermenting whole beans. 
It is widely consumed by the people of Benue 
and Plateau States of Nigeria and its 
consumption is now extending to the Southern 
part of Nigeria. Locust beans (Parkia biglobosa) 
have been traditional raw material for the 
production of iru (dawadawa). However, 
emphasis has been shifted to the use of 
soyabean (Glycine max) as a substitute [2]. 
 

The microbiology of fermentation and some 
biochemical changes occurring during the 
production of this condiment have been 
reviewed. Fermentation is a proven method to 
improve flavour, texture and nutritional quality of 
the soybeans [3]. 

Bacillus spp. is the most dominant naturally 
fermenting agents in soybeans. These hydrolytic 
bacteria are associated with utilization and 
reduction of indigestible oligosaccharides and 
polysaccharides. The organism has also shown 
to reduce the activity of anti-nutrients that hinders 
availability of proteins and phytochemicals 
present in soybeans [4]. B. subtilis fermentation 
is accompanied by covering intact granules with 
white-coloured viscous substance, slimy 
appearance, softer texture, and unique rotten 
flavour. It also completely removes the beany 
odour of raw soybeans and increases sensory 
quality of the product [5]. Chemical studies have 
been carried out to know the nutritive value of 
soy-iru. According to  [6], fermented soybean has 
the following chemical composition as expressed 
by 100 g dry matter, crude protein 49.51, fat 
31.46, crude fibre 3.49, ash 3.97, carbohydrate 
15.06 and organic matter 96.03. It also contains 
appreciable amount of minerals. 

 
In recent years, attempts are being made in 
laboratories in several African countries to 
develop starter cultures along the lines used in 
modern food processing establishments to 
upgrade the production of various indigenous 
African fermented foods. These include mawe 
[7], kenkey, [8-10], pito, [11], kivunde [12], and 
dawadawa [13].  

 
This research work was borne as a result of the 
fact that iru is being produced through 
uncontrolled fermentation process which does 
not give a quality final product and it could also 
be contaminated. This current research work 
therefore focused on the isolation of 
microorganisms associated with the fermentation 
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of soybeans and also to investigate and obtained 
the best starter cultures for the preparation of soy 
iru. 
 

2. METHODOLOGY 
 
2.1 Sample Collection 
 
Soybean (Glycine max) seeds were purchased 
from Bodija market, Ibadan, Oyo State, Nigeria. 
Spontaneously fermented locust bean iru 
samples were also purchased from iru seller at 
Bodija market, Ibadan, Oyo State, Nigeria in a 
sterile plastic and were transported in ice packs 
to the laboratory.  
 

2.2 Sample Processing 
 
The seeds were picked carefully and boiled in 
water for 2 hours until very soft, it was then 
dehulled and boiled again for another 1 hour. 30 
g of soybean was then wrapped with plantain 
leaves then placed in a covered plastic and 
allowed to ferment spontaneously for 5 days at 
35°C.  
 

2.3 Isolation and Identification of 
Microorganisms  

 
One gram (1 g) of fresh spontaneously-prepared 
soy bean iru and purchased locust bean iru 
samples were weighed and serially diluted using 
test tubes containing 10 mL of sterile 0.1% 
peptone water. The mixture was homogenized. 
One milliliter of the dilution was pipetted into a 
sterile test tube containing 9 mL of 0.1% peptone 
water. The process was repeated for each of a 
set of nine tubes until a 10

-10
 dilution was 

achieved. One milliliter from the last three  
dilutions was plated in duplicate on nutrient agar 
for growth of Bacillus species, DeMann Rogosa 
and Sharpe medium (MRS) for the growth of 
Lactic acid bacteria and Bacillus species, 
MacConkey Agar for the growth of Enteric 
Bacteria, and Malt Extract Agar for the growth of 
fungi. Nutrient agar and MacConkey agar plates 
were incubated at 37°C for 24 hours. MRS plates 
at 37°C under anaerobic condition for 48 hours 
by using anaerobic jar and Malt Extract agar 
plates at 30°C for 5 days. 
 
After incubation, the isolates were subcultured to 
obtain pure cultures [14,15]. Pure colonies were 
subjected to Gram staining, spore staining and 
some biochemical tests (oxidase, catalase, 
hydrogen sulphide test, nitrate reduction test, 

starch hydrolysis test, indole test, citrate 
utilization test, methyl red test, Voges Proskauer 
test, gelatin hydrolysis and urease test) and 
identification was based on Bergey’s Manual of 
Determinative/Systematic Bacteriology [16,17]. 
 
2.4 Screening of Isolates for Enzyme 

Activity 
 
The isolates were screened for their ability to 
produce protease, amylase and lipase enzymes 
respectively. The proteolytic activity was 
determined by the method described by [18]. The 
procedure of [19] and [20] were used to 
determine the amylolytic activity of the isolates. 
The lipolytic activity of the isolates was 
determined with slight modification of the method 
described by [21] and [22]. 
 

2.5 Quantitative Determination of 
Antimicrobial Compound Produced 
by Lactic Acid Bacteria 

 
For these measurements the test organisms were 
grown in MRS broth for 72 h and centrifuged at 
3000 g for 15 min. The supernatant was now used 
for the determination of the antimicrobials. 
 
2.5.1 Quantitative estimation of lactic acid 

production 
 
The production of lactic acid was determined by 
transferring 25 ml of supernatant fluid of test 
organisms into 100 ml flasks. This was titrated 
with 0.1 M NaOH and 1ml of phenolphthalein 
indicator (0.5 in 5% alcohols). The titratable 
acidity was calculated as lactic acid % w/v [22]. 
Each millimetre of 0.1 M NaOH is equivalent to 
90.08mg of Lactic acid. The titratable acidity was 
then calculated as stated in [23] as; 

 

 
 
Where:  MI = Volume of NaOH used, N NaOH = 
molarity of NaOH solution, M.E = Equivalent 
factor. 
 
2.5.2 Quantitative estimation of hydrogen 

peroxide production 

 
20 mL of dilute H2SO4 acid was added to                       
25 mL of the supernatant fluid of the test 
organism. Titration was carried out with 0.1 M 
potassium permanganate (KMnO4). Each mL of 
0.1 M. 

Titratable acidity = 
MI NaOH * N NaOH * M.E * 100 

Volume of sample used 
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Potassium permanganate is equivalent to 1.79 
mg of Hydrogen peroxide solution. 
Decolourization of the sample was regarded as 
the end point. The volume of H2O2 produced was 
then calculated [24] as; 
 

 
 

Where; ml KMnO4 = Volume of KMnO4 used, N 
KMnO4, ml H2SO4 = Volume of H2SO4 added, 
M.E = Equivalent factor. 
 

2.5.3 Quantitative estimation of diacetyl 
production 

 

Diacetyl production was determined by 
transferring 25 mL of the supernatant fluid of the 
test organisms into 100 mL flasks. 
Hydroxylamine solution (7.5 mL) of 1M was 
added to the flask and to a similar flask for 
residual titration. Both were titrated with 0.1M 
HCL to a greenish yellow end point using 
bromophenol blue as indicator [22] the equivalent 
factor of HCL to diacetyl is 21.52 mg. The 
concentration of diacetyl produced was 
calculated using the method of [23] as;  
 

 
 

Where; Ak = percentage of diacetyl, b = No of 
0.1mL HCL consumed in titration of sample, E= 
Equivalent factor, W = volume of sample. 
 

2.6 Evaluation of Antagonistic Activity 
 
Agar well and Disc diffusion methods were used 
to confirm the antagonistic activities of the LAB 
isolates. The methods of [25,26] were used to 
determine the antibacterial activities of the LAB 
isolates.  

 
3. RESULTS AND DISCUSSION 
 
Thirty eight bacterial isolates where obtained, 
nine (9) were gram -positive cocci, six were gram 
-negative rods, while 23 were gram -positive 
rods. Bacillus spp had the highest percentage of 
occurrence of 53%, Staphylococcus spp (16%), 
Enteric bacteria (16%), Lactic acid bacteria (LAB) 
(10%) and Corynebacteria (5%). The percentage 
of occurrence of these isolates is shown in Fig. 1. 
This is in agreement with the reports of [3,27] 
which showed that fermentation of vegetable 
proteins into condiments is usually initially 
mediated by diverse microbial flora, which at the 
long-run eventually becomes gram positive flora. 
This is also in accordance with the work  of  [28] 
in which they reported that organisms involves in 
the fermentation of soya bean seeds to produce 
iru (dawadawa) are mostly species of Bacillus 
subtilis, B. licheniformis and B. pumilis. [2] 
confirmed the presence of Leuconostoc sp in the 
fermenting soya beans. It was stated by [3] that 
coagulase –negative Staphylococcus species 
and Bacillus sp are often associated with the 
fermentation of food of plant origin. 

 

 
Fig. 1. Percentage occurrence of bacterial isolates from Iru sample 

 

Ak = 
(b – s) (100E) 

W 

H2O2 produced = 
ml KMnO4 * N KMnO4 * M.E * 100 

Ml H2SO4 * volume of sample 
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Fig. 2 shows the result of Enzyme production 
(amylase, protease and lipase) by bacteria 
isolates as depicted by clearance zones 
(millimetre) during screening on solid medium. 
Bacillus subtilis SBI 13 produced the highest 
proteolytic, amylolytic and lipolytic activities of        
53 mm, 37 mm and 11 mm respectively. 
Leuconostoc mesenteroides SBI 15 also 
produced the three enzymes. In this study, 30 
bacterial isolates were screened for their 
amylase, protease and lipase production. Results 
showed that, of 30 isolates tested, 2 isolates 
representing approximately 7% could produce 
the three enzymes. However, it was also evident 
that these bacteria had different enzyme activity; 
Bacillus subtilis SBI 13 produce the highest 
protease, amylase and lipase activity. 
Leuconostoc mesenteroides SBI 15 also produce 
the three enzyme activity. To group these 
enzyme-producing bacteria, the size of the 
diameter of the clear zone was used as an 
indicator as illustrated in Fig. 2. Only three 
isolates did not show proteolytic activity on skim 

milk agar. The result is in agreement with the 
study of [29] who reported Bacillus subtilis are 
widely known to produce protease in the 
fermentation of soya bean. The degradation of 
proteins has been previously described as the 
most important biochemical change occurring 
during the soya bean fermentation [3,30]. In 
addition, it has been suggested that such 
proteolysis is strongly relevant to dominating 
Bacillus species, especially for the iru case 
[3,31]. Previous investigations including this 
present study have also shown that the 
predominant microbes present in iru are capable 
of producing proteases, amylase and lipase             
[32-34]. [33] also showed that Lactococcus 
raffinolactus, Pediococcus pentosaceus, 
Leuconostoc mesenteroides, Lactobacillus 
brevis, Lactobacillus plantarum, Pediococcus sp. 
and Pediococcus halophilus were also involved 
in legume fermentation. Several workers have 
made mention of the presence of Leuconostoc 
mesenteroides. 

 

 
 

Fig. 2. Enzyme production as depicted by clearance zones (millimetre) during screening on 
solid medium 
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Tables 1, 2 and 3 shows the Quantity of diacetyl, 
lactic acid and Hydrogen peroxides produced by 
isolates of lactic acid bacteria. All the lactic acid 
bacteria (LAB) isolates produced diacetyl with the 
peak of production after 72 h of incubation. 
However, Leuconostoc mesenteroides SBI 15 
which produced 0.91 g/l at 72 h, had the highest 
yield of diacetyl, while the least producer (0.83g/l) 
after 72 h of incubation was Pediococcus 
pentosaceus (Table 1). All the organisms also 
produced hydrogen peroxide to a varying degree. 
After 72 h incubation, Leuconostoc mesenteroides 
SBI 15 had the highest yield of 1.10 g/l (Table 2), 
whereas Lactobacillus plantarum had the highest, 
production of lactic acid of 1.61 g/l (Table 3). In 
this study, the isolated LAB produced 
antimicrobial compounds to a varying degree. 
Lactobacillus plantarum recorded the highest 
yield of lactic acid (1.61 g/l) after 72 h of growth 
in MRS broth while Pediococcus pentosaceus 
had the lowest value of 1.19 g/l. Although lactic 
acid production increased with time, it was 
observed that the production peak was reached 
at 72h of growth for all the test isolates (Table 3). 
The highest concentration of lactic acid produced 
by L. plantarum agreed with the findings of [22]. 
The increase in the production of lactic acid with 
time has been attributed to lower pH, which 
permit the growth of LAB to the detriment of the 
competing organism [35]. Diacetyl is important 
for the organoleptic quality of fermented 
products, such as cottage, cheese, butter and 
fermented cream. The antimicrobial properties of 
diacetyl are well-documented [25]. [22] reported 
the detection of hydrogen peroxide producing 
LAB, which are often searched for because of 
their antibacterial activity and also reported on 

the inhibition of Pseudomonas fragi and 
Staphylococcus aureus by hydrogen peroxide by 
certain LAB strains, which can contribute to their 
inhibitory activity against other microorganisms, 
including food–borne pathogens. Furthermore, 
the results observed in this study were in 
accordance with the work of [22] who reported 
that production of the primary metabolite, lactic 
acid and the resulting pH decrease is the main 
preserving factor in food fermentation. 
 
Table 4 shows the antagonistic activity in 
millimeter, of LAB isolates obtained from Iru 
samples against different indicator 
microorganisms. Both disc and agar well 
methods were used for the analysis. Most of the 
LAB isolates tested were able to inhibit all the 
indicator organisms (Escherichia coli, Salmonella 
sp, Staphylococcus sp and Listeria 
monocytogenes) except Bacillus subtilis which 
was only inhibited by Lactobacillus plantarum. 
Leuconostoc mesenteroides SBI 15 had the 
highest inhibition zone of 30mm on Listeria 
monocytogenes. Lactic acid bacteria are known 
to inhibit the growth of unrelated organisms in a 
mixed culture (Table 4.). The antimicrobial 
effects of lactic acid and acetic acid have been 
extensively reviewed [36]. The effect is due to 
the un-dissociated form of the acids, which can 
penetrate the membrane and liberate hydrogen 
ions in the neutral cytoplasm, thus leading to 
inhibition of vital cell functions [37]. The inhibitory 
effect of hydrogen peroxide produced by LAB 
has also been reported [22].  The proliferation of 
spoilage organisms and food-borne pathogens 
can be prevented by low pH and high 
concentrations of organic acids. 

 

Table 1. Quantity of diacetyl produced by isolates of lactic acid bacteria (g/l) 
 

Isolates  Fermentation time (hours)/Diacetyl concentration (g/L) 

18   24   36   48  72 

Leuconostoc mesenteroides  
SBI 14 

0.41 0.75 0.83 0.86 0.87 

Leuconostoc mesenteroides  
SBI15 

0.43 0.77 0.83 0.85 0.91 

 Lactobacillus plantarum 0.40 0.71 0.80 0.83 0.89 
Pediococcus pentosaceus 0.44 0.76 0.84 0.87 0.83 

 

Table 2. Quantity of hydrogen peroxide produced by isolates of lactic acid bacteria (g/l) 
 

Isolates  Fermentation time (hours)/ Hydrogen peroxide (g/L) 

18 24 36 48 72 

Leuconostoc mesenteroides SBI 14 0.41 0.7 5 0.83 0.86 0.84 

Leuconostoc mesenteroides SBI15 0.43 0.72 0.83 0.85 1.10 

Lactobacillus plantarum 0.40 0.71 0.80 0.83 0.85 

Pediococcus pentosaceus 0.44 0.76 0.84 0.87 0.88 
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Table 3. Quantity of lactic acid produced by isolates of lactic acid bacteria (g/l) 
 

Isolates                                                           Fermentation time (hours)/ lactic acid concentration (g/L) 
18 24 36  48 72 

Leuconostoc mesenteroides SBI 14 0.30 0.38 1.02 1.11 1.30 
Leuconostoc mesenteroides SBI15 0.32 1.03 1.11 1.21 1.30 
Lactobacillus plantarum 0.28 1.33 1.48 1.52 1.61 
Pediococcus pentosaceus 0.33 1.08 1.13 1.20 1.19 

 

Table 4. Antibacterial activity (mm) of LAB isolates obtained from iru samples against different indicator microorganisms 

Isolates  Indicator organism/ method/ zone of inhibition (mm) 
E. coli Staphylococcus spp Bacillus subtilis Salmonella spp Listeria monocytogenes 

Disc Well Disc Well Disc Well Disc Well Disc Well 
Leuconostoc mesenteroides SBI 14 13 15 20 23 - - 11 13 25 26 
Leuconostoc mesenteroides SBI15 12 12 24 25 - - 21 25 28 30 
Lactobacillus plantarum 12 18 22 20 6 8 21 23 28 28 
Pediococcus pentosaceus 11 12 20 21 - - 10 12 20 21 

 
Table 5. Sensory evaluation of soy iru produced using different inocula 

 
Product Taste Aroma Colour Mucillage Stickiness General 

acceptability 
Bacillus soy iru 4.22b 3.67a 3.33a 4.22b 4.44a 3.89b 
LAB soy iru 4.50

b
 3.50

a
 3.44

a
 3.33

a
 3.67

a
 3.25

a
 

bacillus + lab soy iru 4.78b 4.44b 3.33a 4.33b 4.44a 4.78c 
Spontaneous fermentation 3.40a 3.60a 3.67a 4.22b 4.11a 3.60ab 

Mean values followed with different lower case letters are statistically significantly different at p <0.05 
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The result of the sensory tests is shown in Table 
5, there was no significant difference in the taste, 
colour and stickiness of the three starter based 
fermented soy iru. Bacillus + LAB soy iru scored 
the maximum point both in aroma and general 
acceptability. The soy iru treated samples were 
acceptable compared with the untreated soy iru. 
This study showed that soy-iru could be 
processed using Bacillus subtilis and 
Leuconostoc mesenteroides either singly or in 
combination at pH7 and 37°C for 72 hours of 
fermentation in calabash. The combined use of 
the two organisms proved to be the most 
appropriate starter culture for fermentation of 
soy-iru as it contained and recorded the highest 
protein content. It is also the most preferred by 
the sensory panelists when evaluated. 
 

4. CONCLUSION 
 
From this research, it has been confirmed that 
Bacillus subtilis and Leuconostoc mesenteroides 
can be used as starter culture in the fermentation 
of Soya beans to produce Soy Iru. Their use in 
combination produced improved aroma and 
increased percentage protein of Soy Iru which 
makes it an excellent diet supplement and can 
be used to combat malnutrition. The use of 
starter culture also improved the safety and 
consistency of the Locust bean (iru). Soybeans 
could be used as an alternative to Parkia spp. 
traditionally used for Iru production and thus 
eliminating the laborious dehulling and the time 
needed to ferment Parkia seed to Locust bean 
(iru).  
 
Production of soy iru, if properly developed, has 
a strong potential in increasing food production 
and employment opportunity and also improving 
the nutritional status of the rural population. 
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