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Enzymatic Reduction of Anti-nutritional Factors in Fermenting Soybeans 
by Lactobacillus plantarum Isolates from Fermenting Cereals
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ABSTRACT
Soybean is rich in dietary protein but contains some anti-nutritional factors (ANFs), including phytates, tannins, 
trypsin inhibitors and oligosaccharides. It is used with cereals in weaning foods to improve the protein content 
and supply essential amino acids. The objective of  this work, therefore, was to use microorganisms, specifically 
Lactobacillus plantarum and the enzymes it produces to reduce anti-nutritional factors and improve the nutritional 
composition of  such food blends. Nine strains of  Lactobacillus plantarum isolated from spontaneously fermenting 
cereals, identified and characterised, were selected based on the abundant production of  alpha-galactosidase for the 
fermentation of  the legume. Samples were subjected to fermentation for 5 days and the reduction of  anti-nutritional 
factors was monitored. Anti-nutritional factors and alpha-galactosidase were determined by UV-spectrophotometry. 
Data were analysed using ANOVA at p = 0.05. Fermentation reduced the tannin content in the raw samples from 
1.93 to 0.12 mg/g.  Phytate content reduced from 1.16 to 0.04 mg/g. The trypsin inhibitor and protease inhibitor also 
reduced from 1.20 to 0.010 and 1.2 to 0.020 respectively. The production of  alpha-galactosidase by L. plantarum (1.8 
unit/ml) enhanced the reduction while the nutritional composition of  the food blend in which the soybean was added 
improved significantly. The use of  alpha-galactosidase enzyme by Lactobacillus plantarum from local food sources is 
thus shown to reduce anti-nutritional factors in soybeans, which can be of  benefit in enhancing the nutritional quality 
of  cereal-legume gruels.
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Introduction
Lactic acid bacteria are a heterogeneous group of  
bacteria that are generally regarded as safe (GRAS). 
The use of  these organisms in food products dates 
back to ancient time and they are used mainly 
because of  their contribution to flavour, aroma and 
increased shelf  life of  fermented products (Nes et 
al.,1996). Various members of  this group are used 
commercially as starter cultures in the manufacture 
of  foods including dairy products, fermented 
vegetables, fermented dough, alcoholic beverages, 
probiotics in animal feeds and meat products, lactic 
acid fermentation of  sorghum and maize-based 

cereals used as infant weaning foods (Wakil and 
Onilude, 2009).

Lactobacillus plantarum has been used for the preser-
vation of  food for increased shelf  life and flavours 
to get the desired aroma in food (Daeshel, 2004). L. 
plantarum is one of  the lactic acid producing bacteria 
that have been used for centuries for the preservation 
of  human food. It is a simple, safe method that 
is still used in many undeveloped countries. In 
addition, scientists conducting different research 
stated that lactic acid fermen-tation, such as that 
used with L. plantarum, is the safest way to preserve 
food.  It is one of  the most versatile probiotics. L. 
plantarum has also been implicated in the lowering 
of  anti-nutrients and unwanted materials in food 
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during fermentation (Smid et al., 2005; Ammor et 
al., 2006). 

L. plantarum has been implicated in the production 
of  organic acids and aromatic compounds such as 
lactic acid, acetic acids, etc. (Monica et al., 1999). 
The production of  volatile compounds by the 
probiotic strain, L. plantarum in cereal-based media 
(oat, wheat, barley and malt) was investigated in 
the work of  Salmeron et al. (2009) and co-workers 
which shows the anti-microbial properties of  
L. plantarum. L. plantarum, however, has over the 
years played a significant role in the reduction of  
anti-nutritional compounds and detoxification of  
harmful substances in food during fermentation 
due to its ability to produce enzymes in food. For 
example, linamarase  enzyme in cassava production  
causes a detoxification in the linamarin while alpha-
galactosidase enzyme is able to reduce the anti-
nutrients in cereals during fermentation (Giraud et 
al., 1992; Smid et al., 2005; Ammor et al., 2006).

Steinkraus (1995) pointed out that the traditional 
fermentation of  foods by microorganisms serves 
several functions such as enrichment of  food 
substrate biologically with proteins, essential 
amino acids, essential fatty acids and vitamins; 
this improves the digestibility and acceptability of  
foods, detoxification of  toxic substances in foods, 
preservation of  substantial amounts of  food 
through production of   anti-bacterial compounds 
such as lactic acid and acetic acid, a decrease in 
time and fuel requirement during cooking and 
enrichment of  the diet through the development 
of   flavours, aroma, taste, palatability and texture 
of  such foods. 

Cereal and legumes which are also used as weaning 
foods also contain significant amounts of  anti-
nutrients, dissacharides and oligosaccharides. These 
further lower their nutritional quality. Legumes 
contain some natural toxicants which include 
tannins, phytic acid, protease and trypsin inhibitors, 
saponins, metal chelates, cyanogens, isoflavonoids, 
phytoalexins, flatus factors, etc (Pariza, 1996). Most 
cereals like sorghum and millet also contain some 

appreciable amounts of  phytate, tannins, protease 
and trypsin inhibitors and polyphenols. Some of  
these substances reduce the nutritional value of  
the food by interfering with mineral bioavailability 
and digestibility of  proteins and carbohydrates 
(Salunkhe et al., 1990; Haard, 1999; MacDonald 
et al., 2012). Since legumes are usually consumed 
along with cereals in form of  additives, or as protein 
source, proper processing of  these food substances 
should therefore be encouraged to eliminate these 
anti-nutrients before they are consumed (Reddy 
and Pierson, 1994).

The content and quality of  legume and cereal 
proteins is also improved by fermentation. 
Natural nutritive value and available lysine are also 
improved (Wakil and Onilude, 2009). Bacterial and 
yeast fermentations involving proteolytic activity 
are expected to increase the biological availability 
of  essential amino acids and degrade carbohydrates 
and other unwanted substances. 

Among the latest research on L. plantarum is 
that which has shown it to be highly effective in 
preventing soy-related allergies. In the work of  
Taylor et al. (2007) and Frias et al. (2008), soy seeds, 
flour, or meal was fermented using a variety of  
microorganisms.

Anti-nutrients have negative effects on the 
nutritional quality of  the food in which they are 
present, and their attendant toxic effects. Hence, 
the need for their removal or reduction to certain 
safe level factors before being consumed by man or 
animals (Martin et al., 1991; Horwitz and Latimer, 
2008). They are present in many plant species, 
particularly legumes. The following are examples 
of  the most widely studied anti-nutrients:

• Protease inhibitors which inhibit the activity 
of  trypsin, chymotrypsin and other intestinal 
proteases. Their presence results in impaired 
growth and poor food utilization (Salunkhe 
et al., 1990) and interference with digestion, 
causing pancreatic hypertrophy and metabolic 
disturbance of  sulphur and amino acid utilization 
(Reddy and Pierson, 1994).
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• Tannins are oligomers of  flavan-3-ols and 
flavan-3, 4-diols. These compounds are 
concentrated in the bran fraction of  legumes. 
Tannin-protein complexes may cause inactivation 
of  digestive enzymes and reduce protein digestibility 
by interaction of  protein substrate with ionisable 
iron (Salunkhe et al., 1990).

• Phytates occur in several vegetable products. 
Their presence may affect bioavailability of  
minerals, solubility, functionality and digestibility 
of  proteins and carbohydrates (Salunkhe et al., 
1990).

Several workers have shown that most methods 
of  food processing such as cooking, roasting, 
dehulling and, most importantly, fermentation 
by Lactic Acid Bacteria reduce the anti-nutrients 
content of  foods (Shalini, 2006; Buheloees, 2007). 
Fermentation technology has been employed over 
the years to reduce the anti-nutritional factors 
and oligosaccharides that are present in cereals 
and legumes used as weaning food. Adeyemi 
and Beckley (1986) reported that fermentation 
is able to solve some of  the problems involved 
in the preparation of  adequate weaning food for 
infants. It also reduces the phytic acid content by 
the action of  enzyme phytases (produced during 
fermentation) which catalyses the conversion of  
phytate to inorganic orthophosphate.  Tannin, 
protease and trypsin inhibitor content has also 
been reportedly reduced by fermentation (Haard, 
1999; MacDonald et al., 2012).

The growth-inhibiting effect of  feeding pre-treated 
and modified soybeans to humans and young 
animals reduces the factors mentioned above and 
they become less detrimental to health. It has also 
been shown that soybean treatments improved 
growth performance and improved the nutritional 
quality of  the foods in which they are added 
(Shalini, 2006; Buheloees, 2007). 

Materials and Methods
Fermentation of soybeans with L. plantarum  
isolates 
Two batches each of  one gram, two grams and 

three grams each of  the raw, cooked and roasted 
soybeans were milled into powder with waring 
blender. It was sieved to pass through a 0.5 mm 
diameter sieve. The samples were weighed in 
triplicates into screw capped bottles. 10 ml sterile 
distilled water was added to it for the sample to 
become a paste. 1 ml each of  the standardised 
inocula of  L. plantarum was added separately to 
the two batches and allowed to ferment for 5 days. 
Samples were taken for anti-nutritional content 
determination every 24 h. A control was set up for 
the samples with additional 1 ml of  sterile distilled 
water in the samples without the organisms.

Determination of tannin
One gram of  each sample was weighed into a beaker. 
Each was soaked with solvent mixture (80 ml of  
acetone and 20 ml of  glacial acetic acid) for 5 h to 
extract tannin. The samples were filtered through a 
double layer filter paper to obtain the filtrates which 
were stored for further use. A standard solution of  
tannic acid was prepared ranging from 10 ppm to 
30 ppm. The absorbances of  the standard solution 
as well as that of  the filtrates were read at 500 nm 
on a Spectronic 20, England spectrophotometer 
(AOAC, 1990).

Determination of phytates
Two grams of  each sample was weighed into a 250 
ml conical flask. 100 ml of  2% hydrochloric acid 
was used to soak each sample in a conical flask 
for 3 h. This was filtered through a double layer 
of  hardened filter paper Whatman No. 3. 50 ml of  
each filtrate was placed in 250 ml beaker and 107 ml 
of  distilled water was added in each case. 10 ml of  
0.3% ammonium thiocyanate solution was added 
into each solution as indicator. This was titrated 
with standard iron (III) chloride solution, which 
contained 0.00l95 g iron per ml. The end point is 
slightly brownish yellow, which persisted for 5 m. 
The percentage phytates was calculated using the 
formula:

% Phytates = 
 X x 1.19 x 100

0.00195
Where X = Titre value (AOAC, 1990).
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Determination of trypsin inhibitors
Two batches each of  the samples (0.2 g each) were 
weighed into a screw capped centrifuge tube. 10 ml 
of  0.1M phosphate buffer was added and shaken 
vigorously. The contents were left at 25oC for 1 h 
on a UDY 60 shaker, England. The suspension 
obtained was centrifuged at 5000 rpm for 5 min 
and filtered through Whatman No. 42 filter paper. 
The volume of  each was adjusted to 2 ml with 
phosphate buffer. The test tubes were placed 
in a water bath, maintained at 37oC. 6 ml of  5% 
Trichloroacetic Acid (TCA) solution was added to 
one of  the tubes to serve as a blank. 2 ml of  casein 
solution was added to all the tubes, which was 
previously kept at 37oC. These were incubated for 
20 min. The reaction was stopped after 20 min by 
adding 6 ml of  TCA solution to the experimental 
tubes and shaken. The reaction was left for 1 h 
at room temperature after which it was filtered 
through Whatman No. 42 filter paper. Absorbance 
of  filtrate from sample and trypsin standard 
solutions was read at 380 nm on a Spectronic 20, 
England spectrophotometer. The trypsin inhibitor 
in mg/g sample was calculated using the formula:

‘Trypsin mg/g =

A STD-A sample     x    Dilution factor    
19 x sample wt in g    x 1000

    (AOAC, 1990)

Determination of protease inhibitor
Egg albumin 2% solution  and 0.1% solution of  
Bromelain, both in pH 7 phosphate buffer, were 
prepared. 5 ml of  the egg albumin substrate and 
1ml of  the Bromelain enzyme was incubated at 
55oC for 10 min. 5 ml 10% TCA was added to stop 
the reaction. The precipitate was filtered off  with 
Whatman No. 1 filter paper and the absorbance of  
the filtrate was measured at 280 nm on the Atomic 
Absorption Spectrophotometer (AAS) labelled (Ai). 
The entire procedure was repeated but incubating 
with the enzyme and substrate mixture, i.e. 1 ml of  
the extract of  the material for protease inhibitor 
determination labelled (As). The absorbance of  the 
filtrate was measured at 280 nm. This was denoted 
Ai.

% Protease Inhibitor = 
As – Ai x 100

As   

Where As = Absorbance of  sample
           Ai = Absorbance of  blank/initial
(Cuatrecasas and Anfisen, 1991)

Assay of alpha-galactosidase and characteri-
zation
Alpha-galactosidase activity was determined using 
the method of  Mital et al. (1973) as modified by 
Hassan and Durr (1974). The assay medium 
consisted of  200 µl of  100 mM sodium acetate 
buffer, pH 5.0, 2.5 ml of  2 mM PNP-alpha Gal 
solution and 0.5 ml of  enzyme preparation. The 
assay was carried out for 15 min at 50oC and 
stopped by the addition of  1ml of  0.5 M sodium 
carbonate. The amount of  Para-nitrophenyl-α-
D-galactopyranoside (PNP-α-G) released was 
determined at 410 nm by taking the absorbance. 
Undiluted mixture treated in the same way was 
used to set the spectrophotometer to zero. 

*One unit of  enzyme activity was defined as the 
number of  macromolecules of  p-nitrophenyl 
liberated from PNP-G per ml of  cells as read from 
a standard curve.

Results and Discussion 
Table 1 shows the reduction of  anti-nutrients in 
soybean during pre-treatment and fermentation. 
Soybeans contain ANFs like tannin, phytates, 
trypsin and protease inhibitor.  It was pre-treated by 
cooking and roasting. It was observed that roasting 
reduced the different anti-nutritonal factors better 
than other pre-treatment methods. The raw soybeans 
contain 1.93 mg/g tannin; it was reduced to 1.12 mg/g 
by cooking for 1 h while roasting reduced it to 0.49 
mg/g. Roasting also reduced the phytates content 
from 1.6 to 0.25 mg/g, trypsin inhibitor from 1.20 
to 0.025 mg/g and protease inhibitor from 1.20 to 
0.03 mg/g. Cooking reduced the anti-nutritional 
factors but not as much as roasting. There was a 
significant difference between the pre-treatment 
methods. This agrees with the work of  Livingstone 
et al. (1990).
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Fermentation also reduced the anti-nutritional 
factors in the samples. Fermentation reduced the 
tannin content in the raw sample from 1.93 to 0.12 
mg/g.  Phytates content reduced from 1.16 to 0.04 
mg/g.   The trypsin inhibitor and protease inhibitor 
reduced from 1.20 to 0.010 mg/g and 1.2 to 0.020 
mg/g respectively. The roasted sample was chosen 
for further work using L. plantarum  isolates for all 
the pre-treatment methods.

Table 2 shows the production of  alpha-galactosidase 
enzyme by the L. plantarum isolate used for the 
fermentation of  the soybeans. The organisms 
chosen were labelled *LV1, *LV2 and *LV3 because 
they were the ones that produced the enzymes 
in abundance (1.8 unit/ml). The production of  
enzymes enhanced the hydrolysis of  the soybeans 
during fermentation as well as the reduction of  the 
anti-nutritional factors. This agrees with the work 
of  Taylor et al. (2007).

Table 1: Anti-nutritional factors (mg/g) in the milled soybeans after the pre-treatment of  the samples and 
fermentation for 5 days

A.N.F. Raw (Day 0) Cooked Roasted Fermented with
 (Before fermentation)    L. plantarum
     isolates (Day 5)

Tannin 1.93 + 0.19a 1.12 + 0.02c 0.49 + 0.12d 0.120 + 0.05e

Phytate 1.16 + 0.05a 0.28 + 0.02c 0.25 + 0.03d 0.047 + 0.03e

Trypsin inhibitor 1.20 + 0.12a 0.05 + 0.05c 0.02 + 0.25d 0.010 + 0.02e

Protease inhibitor 1.20 + 0.02a 0.05 + 0.05c 0.03 + 0.03d 0.020 + 0.03e 

* Each value is a mean of  duplicate determinations with Standard Error

Table 3 shows the nutritional analysis of  soybean 
samples before and after fermentation with L. 
plantarum. It was observed that the nutritional 
composition of  the food blends (the soybean was 
mixed with ogi in ratio 1:3 to prepare weaning food 

for children) improved significantly after soybean 
was added to it because the anti-nutritional factors 
had reduced. This agrees with the work of  Ado et 
al. (1995) on the improvement of  weaning foods by 
the addition of  soyflour.

From the result shown in Tables 1 – 3, it can be 
observed that fermentation with L. plantarum 
isolates reduced the anti-nutritional factors in 
the food blend. Also, the different pre-treatment 
methods affected the anti-nutritional factors. 
Roasting the soybeans reduced all the antinutritional 
factors significantly than cooking of  the sample; 
this is shown when compared with the raw soybean 
samples. This was why the roasted sample was 
chosen for the composition of  the food blend. 

The result of  this work agrees with that of  Ammor 
et al. (2006) and Wakil and Onilude (2009) on the 
reduction of  anti-nutritional factors in food during 
fermentation. Anti-microbial properties which 
lower the pathogenic organisms in food are also 

Table 2: Production of  α-Galactosidase enzyme 
(Unit/ml) by selected  L. plantarum isolates 

Isolate code                   Conc.  (units/ml)
L.  pl antarum TV 1 *1.114 ± 0.020
L. plantarum TV 2 1.102 ± 0.003
L. plantarum  TV 3 1.108 ± 0.025
*L. plantarum  Lv1 1.818 ± 0.002
*L. plantarum  Lv2 1.820 ± 0.025            
*L. plantarum   Lv3 1.805 ± 0.010
L. plantarum  Co1 1.217 ± 0.020
L. plantarum  Co2 1.212 ± 0.005
L. plantarum  Co3 1.202 ± 0.003
*All value recorded are means of  replicate determination 
+SE
* LV1, LV2, LV3 – L. plantarum selected for 
fermentation.
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produced during fermentation. This is another 
attribute of  L. plantarum that is desirable in weaning 
foods (Taylor et al., 2007; Salmeron et al., 2009).

Conclusion
Results obtained in this work revealed that L. 
plantarum reduced the anti-nutritional factors in 

soybeans significantly, which can be useful in 
producing a good soya-based weaning food. The 
reduction of  ANFs in soybeans by L. plantarum 
during fermentation is thus a desirable quality of  the 
organisms that can be harnessed in the formulation 
of  good weaning diets for infants.

Table 3: Nutritional analysis of  milled soybean samples before and after fermentation with  L. plantarum

Parameters Raw Roasted Cooked Roasted and fermented 
    with L. plantarum  

Moisture content % *11.2 + 0.02 8.7 + 0.14 48.8 + 0.20 42.1 + 0.20

Protein % 30.5 + 0.25 31.8 + 0.10 17.3 + 0.10 33.2 + 0.20

Ether extract (Fat) % 22.1 + 0.10 23.4 + 0.25 12.9 + 0.03 14.1 + 0.20

Ash % 4.3 + 0.02 4.5 + 0.03 2.7 + 0.25 1.3 + 0.02

Crude fibre % 2.9 + 0.05 3.1 + 0.03 1.8 + 0.22 1.2 + 0.10

Carbohydrate (by difference) % 29.0 + 0.02 28.5 + 0.02 16.5 + 0.14 8.1 + 0.11

Ascorbic Acid (mg/100 g) 18.3 + 0.03 6.5 + 0.05 12.8 + 0.50 16.3 + 0.14

Reducing sugar % 1.1 + 0.02 0.4 + 0.05 0.5 + 0.50 0.8 + 0.15

Total sugar % 2.4 + 0.10 1.2 + 0.02 1.5 + 0.10 1.8 + 0.14 

Thiamine (mg/100 g) 1.0 + 0.10 0.4 + 0.25 0.5 + 0.05 1.8 + 0.33

Riboflavin (mg/100 g) 0.5 + 0.05 0.2 + 0.25 0.3  + 0.50 0.8 + 0.33 

Niacin (mg/100 g) 2.2 + 0.25 1.6 + 0.25 1.2 + 0.14 2.7 + 0.13

Ca++  (mg/100 g) 175 + 0.05 170+ 0.33 145 + 0.03 180 + 0.30

Fe++ (mg/100 g) 5.5 + 0.02 4.3 + 0.33 4.0 + 0.33 4.9 + 0.30

P04
++ (mg/100 g) 280 + 0.10 275 + 0.33 220 + 0.25 285 +  0.25  

*All value recorded are means of  replicate determination +SE

Fermentation of  the legume through microbial 
activity led to the hydrolysis and the reduction of  
ANF. These reduced with fermentation time which 
could be due to the breakdown and degradation of  
the anti-nutrients into smaller units by the action 
of  the enzymes mobilized during the fermentation 
period and the activity of  alpha-galactosidases. 

The nutritional composition of  the blend also 
increased with fermentation time. This further 
justifies the use of  cereal and legume-based gruels 

as weaning foods for infants. The problem of  
preparing adequate weaning foods for infants can 
thus be overcome by making use of  modified forms 
of  such readily available local raw materials.  
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