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Abstract

Soymilk is a good source of proteins and health-promoting isoflavones, but it contains oligosaccharides that
cause flatulence. Fermenting it with probiotic bacteria may reduce the oligosaccharides and enhance its health
benefits. The present study determined the growth of different lactic acid bacteria (LAB) in soymilk obtained
from soybean varieties grown in Rwanda and the effect of fermentation on oligosaccharides that cause flatulence
(stachyose, raffinose and verbascose), and antioxidant activity of fermented soybean milk. After fermentation at
30<C for 24 hours, Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus
reuteri, Lactobacillus rhamnosus, Lactococcus cremoris and Lactobacillus casei attained around 8 log CFU/ml,
which is sufficient for probiotic effects. However, only L. reuteri, L. brevis and L. plantarum caused sufficient
drop in pH and increase in viscosity characteristic of a good fermented product. Soymilk from different soybean
varieties did not show significant differences in the growth of these three LAB.These LAB reduced content of
oligosaccharides and total polyphenols, but increased antioxidant activity in soymilk, which translate into health
benefits of fermented soybean products.

Keywords: fermentation, lactic acid bacteria, polyphenols, raffinose, Rwanda
1. Introduction

Soybean (Glycine max L) is grown worldwide for food consumption mainly because of its high nutritional
quality, especially in terms of proteins and isoflavones (Gandhi, 2009; Mudryj, Aukema, & Yu, 2015). Soybean
products are appreciated due to their health benefits (Riciputi et al., 2016). Soymilk is cholesterol free and is thus
suitable for patients with cardiovascular problems (Vij, Hati, & Yadav, 2011). It contains phenolic substances
which are powerful antioxidants (Yao, Xiao-Nan, & Dong, 2010). Soymilk can be a substitute of cow’s milk for
lactose intolerant people.This nutritious beverage is of interest as a weaning food to reduce malnutrition.
However, it has a green odor which reduces its palatability (Khaleque, Bannatyne, & Wallace, 1970; Kumari et
al., 2015; Min, Yu, Yoo, & Martin, 2005; Yu, Liu, Hu, & Xu, 2017). The beany flavour caused by lipoxygenase
activity, and lowering acceptability of soymilk, may be reduced by fermentation (Y. J. Cheng, Thompson, &
Brittin, 1990; Peng & Guo, 2015; Wang, Kraidej, & Hesseltine, 1974). Fermentation also lowers the content of
the oligosaccharides, namely verbascose, stachyose and raffinose, which cause flatulence (Battistini et al., 2018;
Gote, Umalkar, Khan, & Khire, 2004; Kaczmarska, Chandra-Hioe, Zabaras, Frank, & Arcot, 2017). Fermented
soymilk is easily digestible and has antioxidant properties that prevent cancer (Jooyandeh, 2011; Takagi, Kano,
& Kaga, 2015; Telang, Joshi, Sutar, & Thorat, 2010; Vij et al., 2011; Ziaei & Halaby, 2017). This may be due to
the improvement in B-galactosidase activity converting isoflavone glycosides towards aglycones, the latter are
the bioactive forms known for their health benefits (Liu, Yang, & Fang, 2018; Otieno, Ashton, & Shah, 2006;
Tsangalis, Ashton, Stojanovska, Wilcox, & Shah, 2004; Villares, Rostagno, Garc &-Lafuente, Guillamén, &
Mart mez, 2011). A study done previously reported stronger antioxidant activity by isoflavones extract from
fermented soybean milk than from the unfermented one (Marazza, Nazareno, Savoy, Giori, & Garro, 2012).
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Fermentation also improves the texture and could have some protective effects against intestinal infections (I.-C.
Cheng, 2005; Shurtleff & Aoyagi, 2004).

Some of the probiotic strains that can grow in soymilk include L. casei Zhang, Bifidobacterium animalis ssp.
lactis V9, L. acidophilus NCFM, L. rhamnosus GG, Bifidobacterium animalis Bb12, and L. Casei Shirota at
37<C (Li, Yan, Wang, & Zhang, 2012). A study done by Mishra (2013) showed that the combination of L.
acidophilus-L. plantarum was the best, counting more than 9 log CFU/ml (Mishra & Mishra, 2013). Lactic acid
bacteria enhance the bioavailability of isoflavones due to their beta-galactosidase activity converting the
glucoside forms into aglycones which have the bioactive properties (Chien, Yang, & Chou, 2013; Horackova,
Muhlhansova, Slukova, Schulzova, & Plockova, 2015; Malashree et al., 2016). Strains have different optimal
growth conditions depending on the characteristics of the organism and the culture substrate (Bansal, Mangal,
Sharma, Yadav, & Gupta, 2015; Breed, Murray, & Hitchens, 1948).

The objectives of the present study were to determine the growth of different lactic acid bacteria in soymilk, and
their effects on soymilk oligosaccharides, phenolic compounds including isoflavones, and the antioxidant
activity of the fermented soymilk.

2. Materials and Methods
2.1 Soybeans

Eight samples of dried soybean grains were collected including 5 known varieties from the Rwanda Agriculture
Board stores (Peka6 (P6), SC. Sequel (Sequel), SC. Squire (Squire), SB24 (SB) and SC. Saga (Saga)) and 3
unknown local varieties grown by farmers in East (LocE), South (LocS) and West Province (LocW) of Rwanda.

2.2 Soymilk Preparation

Soymilk was prepared by the method of Hosken (Hosken, 2000) that was shown to give good nutrient extraction
(Niyibituronsa et al., 2018). Soybean grains were cleaned by hand removing dirt and damaged soybeans. The
grains were soaked for 16 hours (1/4; soybean/water; w/v) at room temperature (22<C). The soaking water was
drained and the soybeans were washed with cold water. The soybeans were blended, after mixing with water
(ratio 1/8, wiv), followed by filtration through a cheese cloth. The soymilk was heated until boiling, and then
further cooled to the inoculation temperature of 30<C.

2.3 Inocula Preparation

Stock culture of seven lactic acid bacteria: Lactobacillus plantarum (93), Lactobacillus acidophilus (88),
Lactobacillus brevis (89), Lactobacillus reuteri (94), Lactobacillus rhamnosus LMG 25859, Lactococcus
cremoris SK1land Lactobacillus casei (shirota), were obtained from the Belgian Coordinated Collections of
Microorganisms-Laboratory of Microbiology: BCCM-LMG (Ghent, Belgium), a bacterial culture collection
currently comprising over 25.000 well-characterized strains (More details can be found on BCCM/LMG
website). For each bacterium, a mother culture was prepared by adding 0.1ml stock culture (stored in glycerol at
-18<C) to 10 ml sterile medium (MRS). From the mother culture, inocula were prepared by adding 0.1 ml mother
culture into fresh MRS medium. Tubes were incubated for 18h at 30<C. The CFU/ml of the inocula was
measured by plating the appropriate dilutions (made in 0.9% NaCl) on MRS agar plates. Plates were incubated at
30<C for 24 h.

2.4 Fermentation of Soymilk: Screening Experiment

Soymilk (20ml) prepared from soybeans (kindly received from Alpro, Wevelgem, Belgium) was inoculated with
5.10° CFU of the 7 different lactic acid bacteria. The flasks were then incubated for 24h at 30<C. At several time
points during 24h, pH was measured to follow the acidification profile during fermentation. Subjective
inspection of the change in viscosity was done by scoring it as 1, 2 and 3 for high viscosity, medium viscosity
and low viscosity respectively. After 24h incubation, the appropriate dilutions of the fermented soymilk was
plated out on MRS agar plates for counting the CFU/ml. Plates were incubated at 30<C for 24 h.

2.5 Production of fermented Soymilk from different Soybean Varieties Using Three Selected Lactic Acid Bacteria

Based on the results of the screening experiment, 3 strains, namely L. plantarum, L. brevis and L. reuteri were
selected to ferment soymilk from 8 different soybean varieties of Rwanda. To 60 ml of soymilk, 3ml inoculum
(10° CFU/ml) was added. Incubation was done at 30<C for 24h. Subjective inspection of the change in viscosity
was done. The pH was measured at t = 0 and t = 24h. Titratable acidity was determined after 24h and expressed
as g lactic acid/l (g LAJI). Total count numbers were determined by plating. Soymilk samples (0 and 24h
fermentation) were also stored at -20<C for further analysis of total phenolic compounds, antioxidant activity and
oligosaccharide content.
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2.6 Total Phenolic Compounds Extraction

Phenolic compounds were extracted from 2.5g of soymilk or from 0.5g of soybean flour using 15 ml of methanol
(100%). After homogenization for 45 s at 1000 rpm using an Ultraturax, tubes were kept on ice for 15 minutes,
and then centrifuged for 15 minutes at 4000 rpm at 4 °C. The supernatant was filtered into a 25ml volumetric
flask using Whatman No.2 filter paper. Methanol 80% (10 ml) was added to the residues, mixed with an
ultraturax for 20 s at 1000 rpm, centrifuged and filtered as previously. The flask was topped up to 25ml by 80%
methanol (Shumoy, Gabaza, Vandevelde, & Raes, 2017; Singleton, Orthofer, & Lamuela-Ravent&, 1999). The
extract was kept for further analysis of total phenolic compounds and antioxidant activity.

2.7 Total phenolic Compound Content (TPC) Using Folin Ciocalteu Phenol Reagent

Some of the reagents used were 20% Na,CO3, Folin Ciocalteu reagent (FC), 90% methanol. A gallic acid stock
solution (400 mg/l) was prepared, of which several standard solutions were made between 0 and 50 mg/l. Stock
solution and dilutions were made in 90% methanol.

To each test tube, 1 ml of standard or 1 ml of sample extract was added. As a blank 1 ml 90% methanol was used.
FC (0.5 ml) was added and , vortex, and incubated for 6 min, followed by the addition of 1.5 mL
Na,COs-solution and 1 mL bi distilled water. After vortexing, test tubes were kept in the dark for 2 hours.
Absorbance was measured using a spectrometer (Thermo Spectronic, GENESYS 20, Cambridge, England) at
760nm. The quantification was done against a standard curve of gallic acid. Results were expressed in terms of
mg gallic acid equivalents per 100g (mg GAE/100g).

2.8 Determination of Antioxidant (Free Radical Scavenging) Activity Using 1, 1-diphenyl-2-picrylhydrazyl
(DPPH)

The scavenging activity of samples was determined by adding 4ml DPPH (0.1mM) into 200pL methanolic
extracts or into 200 p trolox standards (0.01, 0.02, 0.04, 0.08 and 0.1mg/L) and a blank (MeOH 90%)
(Kumaran& Karunakaran, 2006; Shumoy et al., 2017). After vortexing, the test tubes were kept in the dark for 30
min. Absorbance was read using a spectrometer at 517nm and results were expressed in terms of mg trolox
equivalents per 100g.

2.9 Oligosaccharides

Raffinose, stachyose and verbascose were measured by the raffinose/D-galactose kit from Megazyme
(Megazyme International Ireland, 2014). All of the reagents and filters were purchased from VWR chemicals,
Leuven, Belgium. Prior to analysis, samples were clarified using carrez solutions. Therefore, 5ml of fermented
and non-fermented soybean milk or 1g of soybean flour were pipetted in a 100ml volumetric flask containing
60ml of water and mixed thoroughly. Then, 5ml of Carrez I, 5ml of Carrez I, and 10ml of NaOH were added,
mixed and the volumetric flask was filled up with water to the mark. The filtration was done with a Whatman
filter N° 2 to get a clear solution for use in the Megazyme assay. Each sample was measured using a UV-VIS
called UV1 (from Thermo Spectronic Cambridge, England) for the combined raffinose and the free D-galactose
which was subtracted at the end of the analysis.

Data analysis

SPSS 22 was used for the statistical analysis of the data. The comparison of means, ANOVA was done and the
difference was considered significant at P-value <0.05. Means were separated using least significance difference
(LSD) post hoc tests.

3. Results and Discussion
3.1 Screening Experiment

The first screening of seven lactic acid bacteria used to ferment soybean milk at 30<C showed that most of the
strains could grow well in soymilk (Table 1).
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Table 1. Screening of the growth (log CFU/mI soymilk) of seven lactic acid bacteria in soymilk
Lactobacillus Mean log CFU/ml  SD  Mean log CFU/ml  SD  Real growth SD

FSM at Oh FSM at 24h
Brevis 6.24 0.10 8.88 0.06 2.64 0.03
Plantarum 6.33 0.04 9.02 0.07 2.69 0.11
Reuteri 5.90 0.06 8.92 0.00 3.02* 0.06
Cremoris 5.88 0.00 8.59 012 271 0.11
Casei 5.84 0.06 8.28 044 244 0.50
Acidophilus  6.38 0.04 7.94 0.07 156 0.11
Rhamnosus 6.10 0.11 8.38 0.19 228 0.30

*Significant real growth in soybean milk; CFU = colony forming unit, FSM = Fermented soybean milk, SD =
standard deviation

The mean log CFU/mI in soymilk after 24 hours of fermentation ranged from 7.94 (L. acidophilus) to 9.02 (L.
plantarum), showing that L. acidophilus had the lowest growth in soymilk. For most of these bacteria, the logs
CFU/ml at 24 hours were higher than the 8 log CFU/mI recommended for health benefit (Champagne, Raymond,
Guertin, Martoni, & Jones, 2016; Donkor, Henriksson, Vasiljevic, & Shah, 2007). The real growth of lactic acid
bacteria in FSM (log CFU/mI at 24h- log CFU/ml at 0 h) was significantly higher for L. reuteri (P<0.05)
followed by L. cremoris, L. plantarum and L. brevis.

Despite the high CFU levels attained by all the seven bacteria studied, only 3 strains gave good results for pH
and viscosity after 24 hours of incubation. The soymilk fermented with L. plantarum, L. brevis and L. reuteri had
a pH of 4.70, 4.78 and 4.73, respectively, after 24 h incubation, and all showed high viscosity. This is consistent
with previous studies where a pH of 5 was reported after 24 h of soymilk fermentation with mixed cultures
(Garro, de Valdez, & de Giori, 2004). The viscosity was high, thus creamy fermented soymilk was made. For
other strains i.e. L. cremoris, L. casei, L. acidophilus and L. rhamnosus the pH did not change significantly from
time 0 (pH =6.6) to time 24h (pH = 6.2), and the viscosity remained low. Molina et al. (2012) reported that
soymilk fermented with L. reuteri for 6 hours attained a fairly high population of 1.6 x 10’ CFU/ml but without
much acidification (pH of 6.8). In a previous study, L acidophilus at log 8.73 CFU/ml in soymilk gave a pH of
4.8, log 8.98 CFU/ml in soymilk-apple juice blend (85:15) gave a pH of 3.83, while log 9.08 in soymilk-apple
juice blend (75:25) gave a pH of 4.18 (Icier et al, 2015) showing that a higher CFU/mI does not necessarily
translate into lower pH.

3.2 Soymilk Fermentation with L. plantarum, L. reuteri and L. brevis
3.2.1 Growth of the Lactic Acid Bacteria in Soymilk from 8 Varieties

The three selected lactic acid bacteria L. plantarum, L. reuteri and L. brevis were used to ferment soybean milk
from the 8 varieties grown in Rwanda. Table 2 summarizes the growth of the three strains in soymilk from the
eight soybean varieties in a period of 24 hours. The final population ranged between 8.85 and 9.08 log CFU/ml.
The mean final population after 24h was 9.03, 8.99 and 8.98 log CFU/mL for L. plantarum, L. reuteri and L.
brevis respectively. The real growth of L. reuteri in all varieties of fermented soybean milk was significantly
higher than L. plantarum and L. brevis (P<0.05).
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Table 2. The growth log CFU/mI soymilk) of Lactobacillus strains for soymilk from 8 soybean varieties

Varieties Lactobacillus Meanlog  SD  Mean log SD  Real growth log SD

CFU/ml Oh CFU/ml 24h CFU/ml
Peka 6 Plantarum 6.41 0.11 9.01 0.13 261 0.14
Saga Plantarum 6.33 0.17 9.00 0.02 267 0.18
LocS Plantarum 6.45 0.06 9.05 0.00 2.60 0.06
Squire Plantarum 6.34 0.14 9.00 0.03 267 0.11
SB Plantarum 6.40 0.10 9.10 0.10 2.70 0.06
Sequel Plantarum 6.44 0.05 9.10 0.06 2.66 0.03
LocE Plantarum 6.32 0.16 9.08 0.09 276 0.08
LocwW Plantarum 6.36 0.16 8.94 0.06 2.58 0.13
Peka 6 Reuteri 5.96 0.19 8.85 0.07 2.89* 0.25
Saga Reuteri 5.93 0.21 8.89 0.07 2.95* 0.28
LocS Reuteri 6.24 0.28 9.24 0.52 3.00* 0.24
Squire Reuteri 5.99 0.20 8.91 0.05 2.92* 0.15
SB Reuteri 5.89 0.07 8.99 0.12 3.10* 0.05
Sequel Reuteri 5.94 0.09 9.13 0.08 3.19* 0.14
LocE Reuteri 5.83 0.05 8.98 0.02 3.15* 0.04
LocwW Reuteri 5.92 0.13 8.90 0.02 2.98* 0.15
Peka 6 Brevis 6.18 0.34 8.99 0.10 2.81* 0.24
Saga Brevis 6.44 0.04 8.98 0.02 254 0.01
LocS Brevis 6.28 0.26 9.00 0.16 2.72 0.12
Squire Brevis 6.41 0.01 8.88 0.06 2.48 0.04
SB Brevis 6.14 0.28 9.04 0.04 2.90 0.32
Sequel Brevis 6.13 026 9.14 0.09 3.02 0.19
LocE Brevis 6.40 0.00 8.98 0.15 258 0.15
LocwW Brevis 6.41 0.01 8.86 0.10 2.44 0.11

*The real growth using Lactobacillus reuteri is significantly different from Lactobacillus
Plantarum and Lactobacillus brevis. SD =Standard deviation

L. reuteri can be promoted not only for fermentation of soybean milk but also for its health benefit as vitamin
B-12 producer in the body (Molina, Medici, Font De Valdez, & Taranto, 2012). Among other benefits, L.
plantarum metabolizes cholesterol and may reduce the risk for cardiovascular disease (Amutha & Kokila, 2015;
Fuentes, Lajo, Carrich, & Cuf& 2013). One strain of L. brevis has been reported to reduce the incidence of
influenza in school children (Waki, Matsumoto, Fukui, & Suganuma, 2014).

The soymilk from different varieties displayed differences in their promotion of the growth of the lactic acid
bacteria. For example, growth of L. reuteri was significantly higher in the variety LocS than in Peka 6, Saga and
LocW (P<0.05). Further studies are required to test the probiotic properties and health benefits.

3.2.2 pH

The pH at time 0 was 6.62 +0.02. At time 24h, the mean pH between strains was significantly different (P<0.05),
Figure 1.
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Figure 1. Mean pH after 24hours of soybean milk fermentation

Fermentation with L. plantarum resulted in the most acidic fermented soymilk followed by L. reuteri and lastly L.
brevis.

3.2.3 Titratable Acidity (TA)

The TA varied between 2.17 g LA/L (0.2%TA) and 4.20 g LA/L (0.42%) (Figure 2). This is in the range with
values found by Obadina of 0.42% (Obadina, Akinola, Shittu, & Bakare, 2013). The difference between strains
as well as between varieties was not significant (P>0.05).

Figure 2. Titratable acidity of fermented soybean milk after 24hours

plantarum
reuteri

brevis

The development of acidity during fermentation is higher in cow’s milk than in soymilk, which takes a long time
to ferment as reported in previous study (Ismail, 2016). This was observed in this study as well as where the
soybean milk started to coagulate only after 6 hours.

3.2.4 Total Phenolic Compound Content (TPC) and Antioxidant Activity
Soybean flour had a mean TPC of 82.65mg GAE/100g. LocE variety had the highest TPC content as compared
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to other varieties for soymilk, fermented soymilk and soybean flour. Soymilk had a mean TPC of 10.16mg
GAE/100g. The mean TPC for fermented soybean milk was 7.72mg GAE/100g. There were significant
differences in TPC of soymilk made from the different varieties (P=0.001) but, there were no significant
differences between bacterial strains. Fermented soymilk had a slightly higher DPPH scavenging activity
(3.2040.12 mg TE/100g) than non-fermented soymilk (3.0840.07). This is consistent with previous reports that
fermented soybean products have higher antioxidant activity than unfermented ones (Di Cagno et al., 2010;
Riciputi et al., 2016; Yang, Chen, Zhang, Chen, & Liu, 2012; Yao et al., 2010). Chien et al. (2006) reported that
fermented soymilk had lower total isoflavones than non-fermented soymilk but had a high antioxidant activity
due to the increase in aglycones during fermentation. B-Galactosidase transforms glycosides into aglycones
(daidzein and genistein) (Malashree et al., 2016; Pyo et al., 2005).

The Trolox equivalent (TE) of soybean flour was 17.2040.40 mg TE/100g. The difference in antioxidant activity
was not significant between the three bacteria. However, as shown in Figure 3, Saga variety showed a
significantly different scavenging activity from SB24 and Peka 6 (P<0.05).

3.6 4
3.5 o
3.4 4

3.3
3.2
3.1

3 2
2.9 -
2.8 -
2.7 -

Saga SB LocW  Squire PG LocS LocE  Sequel

Mean DPPH (mg trolox eq/100g)

Varieties

Figure 3. Antioxidant activity of fermented soybean milk by L. reuteri

3.2.5 Effect of Fermentation on Oligosaccharides

Concentrations of oligosaccharides in term of g/100g raffinose in soy flour (SF), soymilk (SM) and fermented
soymilk (FSM) obtained from different soybean varieties are presented in table 3. Varieties like Saga, SB24 and
Squire have significantly less oligosaccharides than Peka 6, Sequel and the three local varieties.

Table 3. Concentrations of oligosaccharides in soybean flour (SF), soymilk (SM) and fermented soymilk (FSM)

Soybean Concentration SD SF Concentration SD Concentration SD
varieties raffinose SF raffinose SM SM raffinose FSM FSM
(9/100g) (9/100g) (9/100g)

Saga 6.67 0.24 0.47 0.01 0.41 0.02
SB 6.90 0.18 0.52 0.01 0.45 0.04
LocW 6.72 0.08 0.64* 0.03 0.53" 0.01
Squire 6.34 0.10 0.52 0.02 0.47 0.01
P6 7.55% 0.12 0.68* 0.05 0.58" 0.02
LocS 7.73* 0.16 0.67* 0.02 0.54" 0.08
LocE 7.11 0.18 0.67* 0.02 0.56" 0.04
Sequel 7.95" 0.08 0.60 0.02 0.53" 0.02

*Significantly different from others in the same column; SD = Standard deviation

Upon fermentation of soymilk by L. reuteri, L. brevis and L. plantarum, the concentration of oligosaccharides
expressed in term of raffinose (g/100g) was significantly different by strains and by varieties P<0.05. L. reuteri
reduced the most of the oligosaccharides followed by L. brevis (Figure 4). This is consistent with the results that
L. reuteri was the fastest growing, followed by L. brevis.
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0.4 B Lactobacillus plantarum

B Lactobacillus reuteri
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Lactabacillus brevis

0.2

Mean oligosaccharides (g/100g)

0.1

Figure 4. Oligosaccharides content in fermented soybean milk

Fermentation reduces sucrose, raffinose and stachyose(Length, 2011) due to the a-galactosidase activity of lactic
acid bacteria on oligosaccharides (Donkor et al., 2007). The presence of a.p.galactosyl oligosaccharides
stimulates the activity of this enzyme (Scalabrini, Rossi, Spettoli, & Matteuzzi, 1998; Tsangalis & Shah, 2004).
As shown in Table 3, fermentation led to a reduction in oligosaccharide content of the soymilk from different
varieties. A paired samples test showed a significant difference between fermented soymilk and non-fermented
soymilk (P<0.05). Fermentation reduces sucrose, raffinose and stachyose(Length, 2011). This is due to the
a-galactosidase activity of lactic acid bacteria on oligosaccharides metabolism (Donkor et al., 2007). The
presence of a.p.galactosil oligosaccharides stimulates the activity of the enzyme (Scalabrini et al., 1998;
Tsangalis & Shah, 2004).

4. Conclusion

Three probiotic bacteria, namely Lactobacillus reuteri, Lactobacillus brevis and Lactobacillus plantarum grew
to attain over log 8 CFU/mI within 24 hours of incubation at 30<C. This coincided with a reduction of pH and
increase in viscosity characteristics of a good fermented product. Thus, these bacteria can be used in the
production of probiotic soymilk. Fermentation also caused an increase in soymilk antioxidant activity and
decrease in causing flatulence oligosaccharides, which translates into health benefits of fermented soybean
products.
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