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Combination of germination and fermentation
to improve antioxidant activity of soymilk

HENDRY NOER FADLILLAH - LILIS NURAIDA - AZIS BOING SITANGGANG - NURHENI SRI PALUPI

Summary

Combination of germination and fermentation is expected to enhance the production of bioactive substances in plant-
based foods. The present study aimed to improve antioxidant activity of soymilk by combining soybean germination
and lactic fermentation of the soymilk made from germinated soybean. The results showed that Pediococcus acidilac-
tici YKP4 and Lacticaseibacillus rhamnosus BD2 were the isolates that produced highest antioxidant activity in germi-
nated soymilk. Germination increased the content of reducing sugars with the highest values reached after 72 h, but
germination time of soybean did not affect the growth of P. acidilactici YKP4 and Lb. rhamnosus BD2. Germination
increased significantly ferric reducing antioxidant power (FRAP) after 24 h and 2,2-diphenyl-1-picrylhydrazy (DPPH)
scavenging activity after 48 h as Trolox equivalents increased from 225.94 + 1.87 gkg! to 247.47 +2.10 gkg! and
from 21.16 = 1.05 g'kg'! to 28.06 = 0.66 g-kg'l, respectively. Antioxidant activity of fermented germinated soymilks was
higher than of the unfermented counterpart, with the highest activities obtained using P, acidilactici YKP4 after 24 h as
expressed in DPPH radical-scavenging activity of 152.53 + 7.57 g'kg-! and FRAP of 339.62 + 0.91 g-kg-l. Fermentation
with P, acidilactici YKP4 also produced the highest peptide concentration of 2.38 = 0.14 mg-ml-L.
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Soya-containing food has been known for
the excellent nutrition value and, in particular,

phytate, which both inhibit nutrient absorption [4].
Degradation of carbohydrates and lipids also takes

as a source of proteins and lipids [1]. It is also
known to contribute to reducing the risk of several
diseases such as coronary heart disease or cancer
[2]. Isoflavones are the biologically active com-
pounds in soybean that have received the most
attention, because of their multiple functions such
as estrogenic effects and antioxidant activity [3].
The nutrient content, their availability and bioac-
tive compounds present in the soybean are affect-
ed by processing that the beans undergo [1]. One
of the processes that affect the nutrient bioavail-
ability in soybean is germination. It may improve
bioavailability of nutrients and hence increase
health benefits of legume seeds, by repressing
antinutrient factors such as trypsin inhibitors or

place during germination [5]. Total soluble sugars
were found to increase in germinated soybean,
mainly glucose [6].

The other process that affects the nutrient bio-
availability in soybean is fermentation. Ferment-
ed soya products were reported to exhibit health
benefits, such as antioxidant and anti-inflamma-
tory activities [7]. Lactic acid bacteria (LAB) are
involved in fermentation of many types of foods.
Certain LAB are also known as probiotics. The
use of probiotic LAB in fermentation could pro-
mote positive effects on health through their pro-
biotic activity and by producing beneficial metabo-
lites or bioactive compounds [8]. Fermented foods
are the potential source of probiotics. Some of
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LAB strains isolated from Indonesian kefir grain,
including Lactobacillus kefiri and Lacticaseiba-
cillus rhamnosus, were reported to be probiotics
[9]. Proteolytic activity of LAB degrades proteins
into peptides, from which several of them are
biologically active, such as antioxidants, lowering
cholesterol effects, angiotensin converting enzyme
(ACE) inhibitors or immunomodulators [10, 11].
In addition to this, lactic acid fermentation was
also reported to improve bioavailability of isofla-
vones in soya products by converting the gluco-
sidic form into aglycone moieties, the latter being
easier absorbed in the body [12, 13].Combination
of germination and fermentation could be applied
to improve antioxidant properties of soya products
and enhance their functional characteristics. The
purpose of this research was to evaluate the effect
of germination on the growth of LAB and antioxi-
dant activity of soymilk during lactic fermentation.

MATERIALS AND METHODS

Cultures

Pediococcus acidilactici YKP4, Lactiplantiba-
cillus plantarum 1W22408, Limosilactobacillus fer-
mentum S206, Lacticaseibacillus rhamnosus BD2,
Lacticaseibacillus rhamnosus R2, Lactobacillus
delbrueckii BD7 and Lactococcus lactis ssp. lac-
tis BD17 were obtained from Food Microbiology
Laboratory, SEAFAST Center, IPB University
(Bogor, Indonesia). The strains were previously
isolated from tempe, kefir granules or breast-
milk [9, 14] and were selected on the basis of the
highest proteolytic activity [9, 15].

Selection of lactic acid bacteria
Preparation of starter cultures

LAB cultures were suspended in 10 ml of
de Man, Rogosa and Sharpe (MRS) broth (Oxoid,
Basingstoke, United Kingdom) and then incubat-
ed at 37 °C for 24 h. The cultures were inoculated
into soymilk (3 %, v/v) and incubated at 37 °C for
24 h to be used as starter cultures for the fermen-
tations [15].

Soymilk preparation and fermentation

Soybean germination for soymilk was prepared
based on JIANG et al. [16] with modifications.
Soybeans was cleaned and soaked for 10 h at the
ratio of dry soybean-to-water of 1:10. The soak-
ing water was renewed every one hour. Germina-
tion was carried out for 24 h at room temperature
(£ 27°C).

Germinated soybean was washed in tap water.
Soymilk was prepared according to ZHENG et al.
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[17] with minor modifications. Germinated soy-
bean was soaked in hot water with a temperature
of 85 °C for 20 min at the ratio of germinated soy-
bean-to-water of 1: 8, homogenized for 15 min and
filtered using filter cloth. It was sterilized using re-
tort MC-40 series (ALP, Tokyo, Japan) for 100 °C
for 15 min [17]. After sterilization, the soymilk
was cooled and inoculated with individual starters
(2 %, v/v). Incubation was done at 37 °C for 24 h.
The fermented milk was analysed for viable counts
of LAB, pH, total soluble solid (7SS), antioxi-
dants, proteins and peptides.

Enumeration of lactic acid bacteria

Enumeration of LAB viable counts was done
according to ZHAO and SHAH [18] on MRS agar
(Oxoid) using pour plate method and incubated
at 37 °C for 24 h. Colonies on plates with 25-250
colonies were used for enumeration and the re-
sults were expressed as logarithm of colony form-
ing unit per millilitre.

pH and total soluble solids

Total soluble solids (7'SS) of soymilk were
measured by refractometer (Atago, Tokyo, Japan)
and expressed in degrees Brix. The pH value was
analysed by using pH meter (pH 700, (Eutech In-
struments, Singapore, Singapore).

Reducing sugars

Fermented germinated soymilk was homo-
genized and then centrifuged at 6 000 xg for 15 min
in a centrifuge Z 383 K (Hermle Labortechnik,
Wehingen, Germany) [19]. The supernatant was
collected and filtered through Minisart syringe
cellulose acetate membrane filter (pore size
0.22 wm; Sartorius, Gottingen, Germany). The pH
of the filtered supernatant was adjusted to 7.4 by
adding 1.0 mol-ll NaOH. The supernatant was
used for reducing sugar, antioxidant, peptide and
protein analyses.

Reducing sugars were analysed by using the di-
nitrosalicylic acid (DNS) method [20]. One milli-
litre of the supernatant was mixed with 3 ml of
DNS solution in the 10 ml test tube. The mixture
was heated in the boiling water for 5 min and then
cooled in iced water. The concentration was deter-
mined by measuring absorbance at a wavelength of
550 nm using UV-Vis spectrophotometer UV-2450
(Shimadzu, Tokyo, Japan). Glucose (concentra-
tion range 0-30 mg'ml-!) was used as the standard
to calculate the reducing sugars concentration.
The standard curve was:

y = 1.183x + 0.102 (1)

with a coefficient of determination of 0.9841.
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Antioxidant activity

Antioxidant activity was determined as
2,2-diphenyl-1-picrylhydrazyl ~ (DPPH)  radi-
cal-scavenging activity [21] and ferric reduc-
ing antioxidant power (FRAP) [22]. DPPH
radical-scavenging activity was analysed by
mixing 1.0 ml sample supernatant with 1.0 ml
DPPH reagent (0.2 mmol-l"! DPPH solution in
95% methanol, v/v) and incubated in the dark
at room temperature (= 27 °C) for 30 min.
Absorbance was measured at a wavelength of
517 nm. The antioxidant activity was calculated
based on Trolox standard curve (concentration
range 0-0.5 mg-ml-1) as follows:

y = —1.5759x + 0.7660 )

with a coefficient of determination of 0.9917. The
analytical result was expressed as Trolox equiva-
lents.

FRAP value was analysed by reacting 100 ul
sample with 10 ul of FRAP reagent consisting
of 10 ml of 300 mmol‘l-! acetate buffer (pH 3.6),
1 ml of 10 mmol-I'! 2,4,6-Tris(2-pyridyl)-s-triazine
(TPTZ) solution (10 mmol-I'! TPTZ in 40 mmol-l-1
HCI) and 1 ml of 20 mmol'l'! FeCls solution). It
was incubated at 37 °C for 30 min. Absorbance was
measured at a wavelength of 593 nm [22]. Trolox
(concentration range 0-0.5 mg'ml-l) was used as
the standard, giving a standard curve of

y = 1.9431x — 0.2038 ©)

and a coefficient of determination of 0.9903. The
analytical result was expressed as Trolox equiva-
lents.

Proteins and peptides concentration

Protein concentration was analysed by Lowry’s
method [23]. The supernatant (0.5 ml) was reacted
with 0.7 ml Lowry’s reagent consisting of 1 ml
of solution A (20 mmol-l! CuSO45H20 and
30 mmol-I'! Na-citrate) and 50 ml of solution B
(0.1 mol'l'! Na;CO3 and 0.1 mol'l! NaOH). The
incubation was done for 20 min at room tem-
perature (* 27 °C). The mixture was added with
0.1 ml Folin-Ciocalteu solution (Sigma Aldrich,
St. Louis, Missouri, USA). After incubation for
30 min, absorbance was measured at a wavelength
of 750 nm. Bovine serum albumin (BSA) was used
as a standard (concentration 0-3 mg-ml-!) giving
a standard curve of

y = 0.0003x + 0.0011 (4)

with a coefficient of determination of 0.9858.
Peptides concentration was analysed by the

o-phthaldialdehyde (OPA) method [24]. Superna-

tant (50 ul) was added with 2 ml of OPA reagent

(consisting of 25 ml of 100 mmoll'! of sodium
tetraborate, 2.5 ml of 20% w/w sodium dodecyl
sulfate and 1.1 ml of OPA solution, mixed with
21.4 ml of H20), then incubated at room tempera-
ture (+ 27 °C) for 2 min. absorbance was meas-
ured at a wavelength of 340 nm. Tryptone casein
(Sigma Aldrich) of concentration 0-3 mg'ml-! was
used to obtain the standard curve

y = 0.0002x + 0.0485 ®)

with a coefficient of determination of 0.9920.

Effect of germination

Soybean germination was done as mentioned
above with the germination time up to 72 h. Prepa-
ration of fermented soymilk from germinated soy-
bean was done using a similar method as above. In
this step, P acidilactici YKP4 and Lb. rhamnosus
BD2 representing the cultures with the highest
proteolytic activity and the highest antioxidant
activity were used to ferment soymilk. Fermenta-
tion was done at 37 °C for 24 h. Analyses of fer-
mented germinated soybean milk were done for
viable counts of LAB, pH, 7SS, antioxidants, pro-
teins and peptides.

Effect of fermentation time

The cultures with the highest antioxidant activ-
ity were used in this step. The soybean was germi-
nated for 24 h and then fermented for 0, 24, 48,
and 72 h. Viable counts of LAB, pH, 7SS, antioxi-
dants, proteins and peptides were analysed. The
optimum fermentation time was the one that pro-
duced highest antioxidant activity.

Statistical analysis

The mean values and standard deviations were
calculated from triplicate trials. The data were an-
alysed by Analysis of Variance, followed by Dun-
can’s Multiple Range tests at significance p < 0.05
by SPSS software version 25 (IBM, New York,
New York, USA).

RESULTS AND DISCUSSION

Selection of lactic acid bacteria
Growth of lactic acid bacteria

The seven isolates grew in germinated
soymilk as demonstrated by the increase in
LAB counts and the decrease in pH (Tab. 1).
At the start of fermentation, LAB counts were
approximately 6 logCFU-ml! and reached
8.68-9.15 log CFU'ml'! after 24 h. There were no
significant differences in LAB counts between the
isolates after 24 h fermentation, however, the pH
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Tab. 1. Characteristics of soymilk produced from germinated soybeans, after 24 h of fermentation.

Total LAB Proteins Peptides

[log CFU'MI] pH [mgmi-] [mg'mH]
Soymilk after germination at 0 h fermentation 6.17 £0.032 7.08 £0.012 3.96+0.112 0.73 £0.022b
Soymilk fermented by lactic acid bacteria
Pediococcus acidilactici YKP4 8.85+0.280 5.51 +0.044 3.90 +£0.092 2.38+0.14¢
Lacticaseibacillus rhamnosus BD2 9.15+0.03P 5.20 + 0.09 ¢f 3.91+0.102 0.92 + 0.09 bed
Lactobacillus delbrueckii BD7 8.82+0.21P 5.68 +0.03¢ 3.93+0.032 1.02+0.10¢d
Limosilactobacillus fermentum S206 9.11+£0.04b 5.12+0.06f9 3.95+0.022 2.32+0.25¢
Lactiplantibacillus plantarum 1W22408 8.80 = 0.27P 5.24+0.10e 3.91+0.042 1.16 £0.13d
Lacticaseibacillus rhamnosus R2 8.68 +0.24b 5.10+0.019 3.93+0.012 0.98 + 0.03 bed
Lactococcus lactis ssp. lactis BD17 8.69 + 0.29P 5.98 = 0.04b 3.93+0.032 0.84 +0.08bc

Different superscripts in the same column indicate significant differences (p < 0.05) between samples.

LAB - lactic acid bacteria.

Tab. 2. Antioxidant activity of fermented soymilk produced from germinated soybeans.

DPPH scavenging activity [g-kg-]

FRAP [gkg']

Soymilk after germination at 0 h fermentation

4424 + 4773

225.54 + 4,680

Soymilk fermented by lactic acid bacteria
Pediococcus acidilactici YKP4
Lacticaseibacillus rhamnosus BD2
Lactobacillus delbrueckii BD7
Limosilactobacillus fermentum S206
Lactiplantibacillus plantarum 1W22408
Lacticaseibacillus rhamnosus R2
Lactococcus lactis ssp. lactis BD17

152.53 £ 7.57¢

122.96 +9.874d
55.83 + 8.31 bc
69.35 £ 11.32¢
54.34 + 12.38abc
53.90 + 10.94 abc
46.57 = 8.03ab

339.62+0.919
320.50 =8.21f
253.20 = 1.07d
286.22 +0.85¢
247.00 = 1.00¢d
281.47 +5.69¢
24253 +1.03¢

Different superscripts in the same column indicate significant differences (p < 0.05) between samples. Antioxidant activity is

expressed as Trolox equivalents.

DPPH - 2,2-diphenyl-1-picrylhydrazyl, FRAP — ferric reducing antioxidant power.

values were different between isolates. The de-
crease in pH value of germinated soymilk samples
after fermentation indicated the LAB activity
producing lactic acid and other organic acids.
The growth of LAB in fermented soymilk was
also reported by other researchers, who reported
LAB counts of 8.98-9.62 log CFU-ml! [15] and
8.54-9.20 log CFU'ml-! [17] after 24 h fermenta-
tion in soymilk. The pH value of the fermented
soymilk was also reported to decrease with in-
creasing the fermentation time [17].

Peptides concentration

Fermentation increased the peptide concen-
tration and the increases were different between
isolates indicating variation in proteolytic activi-
ties between isolates (Tab. 1), however the protein
concentration was not different before and after
fermentation by all isolates. The highest proteo-
lytic activity was indicated by the highest peptide
concentration. P acidilactici YKP4 produced the
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highest peptide concentration followed by Limosi-
lactobacillus fermentum S206 (Tab. 1). Formation
of peptides during soymilk fermentation was also
reported by RuBAk et al. [15] with concentra-
tion in the range of 2.86-4.68 mg'ml! after 24 h
fermentation. The peptides are resulted from the
proteolytic activity of LAB to break down protein
into simpler compounds [25].

Antioxidant activity

Fermentation by using P. acidilactici YKP4 pro-
vided highest antioxidant activity based on DPPH-
scavenging activity and FRAP measurements.
This strain was followed by Lb. rhamnosus BD2
as shown in Tab 2. Fermentation during 24 h by
P acidilactici YKP4 and Lb. rhamnosus BD2 for
24 h increased DPPH radical-scavenging activ-
ity 3.45- and 2.80-fold, respectively, compared to
from unfermented soymilk prepared after 24 h
germination. P acidilactici YKP4 and Lb. rham-
nosus BD2 were selected for further study based
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on their ability to produce the highest antioxidant
activity. The ability of P acidilactici to enhance
antioxidant activity was also reported by SHARMA
et al. [25]. Application of P acidilactici to fer-
ment soymilk enhanced DPPH radical-scaveng-
ing activity 1.8-fold, after 24 h fermentation [25].
Inoculation of P acidilactici was previously found
to increase total antioxidant activity of alfalfa si-
lage and reduced lipid oxidation [26]. The abil-
ity of Lb. rhamnosus BD2 to enhance antioxidant
activity in fermented reconstituted skim milk was
reported by YUSUF et al. [19]. Fermentation of
soymilk by Lb. rhamnosus CRL981 was previously
found to improve antioxidant activity of soymilk.
DPPH radical-scavenging activity reached 29.5 %
after 24 h fermentation [27].

Antioxidant activity of fermented soymilk after
germination could be derived from its peptides and
isoflavones [28]. Hydrolysis of proteins in soymilk
during fermentation generates peptides including
those with antioxidant activity. Limosilactobacillus
fermentum S206 produced higher amounts of pep-
tides than Lb. rhamnosus BD2, but its antioxidant
activity was lower, indicating that Lb. rhamnosus
BD2 may produce peptides different from those
of Limosilactobacillus fermentum S206. Bioactivity
of peptides depends on several factors, such as the
size of the molecule and amino acid sequences.
Different peptide size and sequence will provide
different bioactivity. Peptides with antioxidant
activity were reported to include peptides with
aromatic aminoacid residues, sulfhydryl groups
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Fig. 1. Physical appearance of a soybean
during germination.

(-SH), and alanine or leucine at N or C terminus
[13, 19, 29]. Besides the presence of bioactive pep-
tides, antioxidant activity of fermented soymilk
may also be influenced by phenolic compounds.
Soya products are an excellence source of isofla-
vones that are converted into active forms by fer-
mentation. Activity of B-glucosidase of LAB may
contribute to the increase of soymilk antioxidant
activity by converting glucoside isoflavone to their
aglycone form. The bioavailability and antioxidant
activity of isoflavone aglycones is known to be
higher than those of the glucosides [13, 18]. Anti-
oxidant activity of soymilk was previously reported
to increase during fermentation. This was related

Tab. 3. Effect of germination on fermentation profile of soymilk.

Germination Total soluble solids Reducing sugars Total lactic acid bacteria
time [h] pH [°Brix] [mg'ml1] [log CFU'mMI1]
Soymilk before fermentation
0 7.17 =0.08 4.70x=0.102 4.78 £0.042
24 7.14 +0.06 490 +0.102 11.62 £ 1.64P
48 7.09 +£0.05 5.10+0.102 22.69 = 1.45¢
72 7.07 £0.01 5.10 £0.202 45.03 +2.57d
Soymilk fermented by Pediococcus acidilactici YKP4
0 5.05+0.202 2.00+0.102 4.88+0.152 8.68 +0.272
24 521 +0.172 1.90+0.102 5.73 £ 0.45b 8.59 +0.442
48 5.01 £0.172 1.60+0.10P 18.77 £0.18¢ 8.41 £0.742
72 5.48 +0.072 1.50 = 0.000 27.24 +0.474d 8.78 £ 0.462
Soymilk fermented by Lacticaseibacillus rhamnosus BD2
0 4.95+0.002 2.50+0.102 7.61+0.352 9.63 +0.40ab
24 4.87 £0.062 2.00 £0.10b 10.12 +£0.23b 9.28 £0.022
48 5.20 = 0.09b 2.00 +0.00b 16.11 £1.76¢ 9.42 +0.04 2P
72 5.51+0.09¢ 1.60+0.10¢ 20.70 = 1.51d 9.88 +0.32P

Different superscripts in the same column indicate significant differences (p < 0.05) between samples.
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to biotransformation of isoflavones. The glucoside
isoflavones decreased during fermentation, while
the aglycones increased [18].

Effects of germination time
Chemical composition and antioxidant activity
The physical appearance during germination
of soybean is shown in Fig. 1. Tab. 3 shows that
7SS did not increase significantly during the ger-
mination process, but the level of reducing sugars
increased significantly after 24 h, 48 h and 72 h of
germination. BUENO et al. [30] indicated that the
increase in reducing sugars is the result of amylase
activity, which releases free glucose from com-
plex carbohydrates [30]. Germination activates
o-amylase resulting in more digestible carbohy-
drates, including monosaccharides such as glucose
and galactose [31]. This result was also in line with
results of the previous research that showed an in-
crease in concentration of glucose and galactose in
soya after germination, with the highest increase
observed in glucose [6].

The germination process increased the DPPH
radical-scavenging activity and FRAP of soymilk
(Fig. 2). The highest DPPH radical-scavenging
activity of soymilk was obtained from soybean ger-
minated for 72 h. However, germination for 48 h
provided the best antioxidant activity based on the
FRAP measurement. The increase in antioxidant
activity in germinated soybean extract was in line
with the increase in total phenolic compounds
and flavonoids [28] and the total isoflavone agly-
cones [32]. Total phenolics and flavonoids content
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of germinated grains increased by 4- and 2.5-fold
from non-germinated beans and total isoflavone
aglycones increased 2.5-fold after three days of
germination [32]. Germination was also reported
to release peptides that may also contribute to the
increase in antioxidant activity and bioavailability
of proteins [30].

Fermentation of germinated soymilk

The pH value of germinated soymilks de-
creased after fermentation. The decrease was
a result of fermentation that metabolized the
soluble solid as shown by the significant decrease
in 7SS after fermentation by P. acidilactici YKP4
or Lb. rhamnosus BD2. During fermentation,
LAB metabolize soluble nutrients [33], includ-
ing reducing sugars as also shown by the lower
concentration of reducing sugars compared to
the unfermented soymilk (Tab. 3). Fermentation
of soymilk obtained from 72 h germination re-
sulted in the highest decrease of reducing sugars
in soymilk fermented by P, acidilactici YKP4 (from
45.03 mg'ml! to 27.24 mg:ml-!) and by Lb. rham-
nosus BD2 (from 45.03 mg-ml-! to 20.70 mg-ml-1).
The decrease in reducing sugars in soya yoghurt
was previously reported by KimM and Han [20].
Concentration of reducing sugars in soya yoghurt
was decreased by 0.1-0.6 % during 24 h to 96 h
fermentation [20]. The germination process could
give advantage to the growth of LAB by hydroly-
sis of carbohydrates, which produces simple sugars
that may serve as the source of energy for LAB
[20, 33].
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Fig. 2. Antioxidant activity of germinated soymilk before and after fermentation 24 h
with different time of germination.

A — DPPH scavenging activity, B — ferric reducing antioxidant power.
Different superscripts indicate significant differences (p < 0.05) between samples. Lowercase letters represent differences
between treatment within the same germination time. Capital case represent differences between germination time within the

same treatment.

Antioxidant activity is expressed as Trolox equivalents. DPPH - 2,2-diphenyl-1-picrylhydrazyl.
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The growth of P acidilactici YKP4 and
Lb. rhamnosus BD2 was not affected by the ger-
mination time. The viable counts were not sig-
nificantly different among the germination times
(p < 0.05) as shown in Tab. 3. In previous studies,
when the viable counts reached 9 log CFU-ml-,
the growth reached the maximum [17]. The
present results were also in line with LAB counts
determined previously in soymilk fermented by
Lb. rhamnosus NS4 (7.70 log CFU-ml-1) and NS6
(9.25 log CFU-ml1) for 24 h [34]. Other study
showed that the maximum counts of P. acidilactici
in soymilk were 108 CFU-ml"! and declined subse-
quently [25].

Fermentation increased antioxidant activity
of soymilk with or without previous germination
based on DPPH radical-scavenging activity and
FRAP assay (Fig. 2). The increase was higher than
by germination alone. Fermentation of soymilk
after germination resulted in higher DPPH radi-
cal-scavenging activity (Fig. 2A). DPPH radical-
scavenging increased 6.36- and 6.24-fold after
fermentation by P. acidilactici YKP4 and Lb. rham-
nosus BD2 for 24 h, respectively. The increase
in the antioxidant activity after fermentation of
germinated soybeans was not intensified by the
germination time. The highest effect of 24 h fer-
mentation by P acidilactici YKP4 was observed in
case of soybeans germinated for 24 h (6.22-fold
increase), followed by 48 h (5.85-fold) and 72 h
(3.36-fold). Similar effects were observed for fer-
mentation by Lb. rhamnosus BD2 for 24 h. The
highest increase was observed in soybeans ger-
minated for 24 h (26.08-fold increase), and then
48 h (5.87-fold) and 72 h (3.37-fold). The DPPH
radical-scavenging activity indicated that those
soymilks contained compounds being able to do-
nate hydrogen to stabilize free radicals.

Similar pattern of fermentation effects was
also shown in the antioxidant activity as FRAP
(Fig. 2B), although the increase was lower than
that of DPPH radical-scavenging activity. The
effect of fermentation was more pronounced in
soymilk after 24 h germination, therefore germina-
tion of 24 h was considered as the most suitable
for increasing the antioxidant activity by combina-
tion of germination and fermentation. In addition,
undesirable flavour of soymilk with more pungent
taste of sprouts appeared after 48 h and 72 h ger-
mination.

Effects of fermentation time
Growth of lactic acid bacteria

Fig. 3 shows the effect of the fermentation
time on the growth of LAB in soymilk after 24 h
germination. The LAB counts of both cultures in-
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o

P —a&— P gcidilactici YKP4
— o - Lb. rhamnosus BD2
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0 24 48 72

Fermentation time [h]

Fig. 3. Effects of the fermentation time on the viable
counts of lactic acid bacteria in soymilk.

Different superscripts indicate significant differences
(p < 0.05) between samples.
LAB - lactic acid bacteria.

pH

—a&— P, acidilactici YKP4
— o - Lb. rhamnosus BD2
2 T T

0 24 48 72
Fermentation time [h]

Fig. 4. The pH value during fermentation of soymilk
produced from germinated soybean.

Different superscripts indicate significant differences
(p < 0.05) between samples.

creased sharply after 24 h fermentation, however,
the counts of P acidilactici YKP4 were lower.
After 24 h, there was no significant increase in
viable counts of Lb. rhamnosus BD2, while P aci-
dilcatici YKP4 showed considerable increase until
the end of fermentation. At the end of fermenta-
tion, the viable counts of both cultures were simi-
lar. The present results indicated that the growth
of P acidilactici was slower than Lb. rhamnosus in
soymilk after germination.

pH and total soluble solids

Fermentation time is very important, since it
influences the quality and nutritional composition
of fermented products, including the formation of
bioactive compounds [35]. The substrates could be
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Fig. 5. Peptides concentration in soymilk produced
from germinated soybean during fermentation.

Different superscripts indicate significant differences
(p < 0.05) between samples.

degraded or transformed over the time and this
may influence the level of bioactive compounds
and their bioactivity [35]. The acidity of soymilks
decreased significantly along fermentation time,
both in Lb. rhamnosus BD2 and P acidilactici
YKP4 fermentation (Fig. 4). The initial pH of ger-
minated soymilk was 7.15*0.03 and decreased
gradually during fermentation. The pH values
after 24 h fermentation by P acidilactici YKP4
and Lb. rhamnosus BD2 were pH 5.55 = 0.01 and
pH 5.54 = 0.01, respectively. These were signifi-
cantly lower than those of unfermented samples.
Although after 24 h fermentation the viable counts
of P acidilactici YKP4 were lower than those of
Lb. rhamnosus BD2 (Fig. 3), there was no differ-
ence in the pH values. The pH values continuously

A
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o
=< 300 -
2
2
= -
S 200 A - - ¢
<
[
S
3 100 b
E —=&— P, acidilactici YKP4
— o~ - Lb. rhamnosus BD2
0 + T T

0 24 48 72
Fermentation time [h]

decreased until the end of fermentation (72 h),
reaching pH 4.73 £ 0.18 and pH 4.56 = 0.11. The
present results are in accordance with previous
reports on soymilk fermentation [20, 25]. The
decrease in pH is caused by LAB activity. Dur-
ing the growth of LAB, several organic acids are
produced, including lactic acid and acetic acid [8].
The starter culture used in the present research
was categorized as homofermenter [36, 37] with
lactic acid as the major organic acid produced.

TSS values of fermented soymilks were sig-
nificantly lower than those of unfermented coun-
terparts after 24 h, but further fermentation from
24 h to 72 h did not change TSS.

Peptides concentration and antioxidant activity

The peptides concentration increased during
fermentation, with the highest values reached in
soymilk fermented of P acidilactici YKP4 after
germination (Fig. 5). The peptides concentration
increased significantly until 72 h of fermentation,
both in soymilk fermented by P. acidilactici YKP4
and Lb. rhamnosus BD2, with the values of
3.35+0.16 mg'ml-! and 2.22 +0.18 mg'ml, re-
spectively.

The DPPH scavenging activity during fermen-
tation by both starter cultures increased during
fermentation until 72 h with P acidilactici YKP4
producing higher values. The results were in line
with the production of peptides (Fig. 6A.). Higher
peptides concentration in samples fermented
by P acidilactici YKP4 resulted in higher DPPH
scavenging activity. The results suggest that pep-
tides were continuously produced by the bacterial
cells, causing DPPH scavenging activity, even if
there was no significant increase in viable counts.
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Fig. 6. Effects of the fermentation time on antioxidant activity of soymilk produced from germinated soybean.

A — DPPH scavenging activity, B — ferric reducing antioxidant power.
Different superscripts indicate significant differences (p < 0.05) between samples.
Antioxidant activity is expressed as Trolox equivalents. DPPH — 2,2-diphenyl-1-picrylhydrazyl.
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The increase in antioxidant activity of fermented
soymilk during extended fermentation time was
also reported by ZHAO and SHAH [18] and it posi-
tively correlated with proteolytic activity of LAB
during fermentation.

The significant increase in antioxidant activity
expressed in FRAP assay was observed after 24 h
fermentation by the two LAB (Fig. 6B.). The
FRAP-based values of soymilk after germination
fermented by P acidilactici YKP4 subsequently
increased until 72 h. In contrast, there was no in-
crease in FRAP values in case of Lb. rhamno-
sus BD2. After 72 h, the FRAP values soymilk
fermented by P, acidilactici YKP4 was higher than
that fermented by Lb. rhamnosus BD2. The FRAP
values correlated with the pattern of microbial
growth. Lb. rhamnosus BD2 showed no significant
increase in viable counts after 24 h, while P, acidi-
lactici YKP4 showed subsequent increase in viable
counts.

The different pattern of DPPH scavenging
activity and FRAP of P acidilactici YKP4 and
Lb. rhamnous BD2 could be due to differences
in the type of peptides produced. Peptides with
radical-scavenging activity have a higher ability to
donate hydrogen and transfer electrons. On the
other hand, the FRAP value of peptides reflects
metal ion chelating or their activity as a reducing
agent.

CONCLUSIONS

P acidilactici YKP4 and Lb. rhamnosus BD2
produced highest antioxidant activity among six
other LAB isolates used in this study. Germina-
tion of soybean increased reducing sugars signifi-
cantly, but did not affect the growth of the LAB
isolates. Germination increased antioxidant activ-
ity and the increase was affected by germination
time. Antioxidant activity of fermented soymilk
after germination increased with increasing fer-
mentation time. P acidilactici YKP4 produced
more peptides and higher antioxidant activity
than Lb. rhamnosus BD2. Lactic fermentation in-
creased antioxidant activity of soymilk produced
from germinated soybean. Thus, combination of
germination and fermentation evidently provides
a significant enhancement of antioxidant activity
of soymilk.
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