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1 | INTRODUCTION

Soybeanis rich in polyphenol, protein, and fatty acids and consumed
in the forms of soymilk, tofu, soy sauce, tempeh, and so on (Dajanta
& Chukeatirote, 2012; Erdman & Committee, 2000). Soymilk is man-
ufactured by grounding soybean with water in some ratio. Soymilk
was greeting by some consumers due to its protein, fatty acid, and
isoflavones. On the other hand, soymilk was disgusting due to the
undesirable bean odor and the flatulence.

Soymilk fermentation by some microbes including lactic acid
bacteria can enhance the nutritional availability and physiological
functions of the soymilk due to the bioconversion of some com-
plex organic compounds into bioactive compounds (Sanjukta & Rai,
2016). Several studies have demonstrated that the fermentation by
some kind of microorganism could increase the aglycone isoflavone
(Donkor & Shah, 2010; Jane, Monique, FrancOise, FrancQOis, & Jean,

In this study, soymilk was fermented with Lactobacillus casei 16. The contents of
aglycone isoflavones, saponins, total phenolic, and free amino acid in the fermented
soymilk, and the protection for the HepG, cells against 2,2'-azobis(2-amidinopropane)
dihydrochloride (ABAP) damage and the antiproliferative effects of the fermented
soymilk on the HT-29 cells and Caco-2 cells were studied. The results showed that
the levels of total phenolic, aglycone isoflavones, and free amino acids in the L. casei
16-fermented soymilk were enhanced. The ethanol extract and the water extract of
the L. casei 16-fermented soymilk showed protection for HepG, cells against ABAP
damage and inhibited the proliferation of the HT-29 cells and Caco-2 cells, which may
be attributed to the enhanced level of total phenolic, aglycone isoflavones, and free

amino acids in the L. casei 16-fermented soymilk.
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2008; Jiyeon et al., 2010; Marazza, Garro, & de Giori, 2009), total
phenolic content (Han, Hur, & Lee, 2015; Landete, Curiel, Rodriguez,
Rivas, & Muiioz, 2014), and free amino acid content (Chen, Chiang,
Chou, & Lo, 2013; Sanjukta, Rai, Muhammed, Jeyaram, & Talukdar,
2015; Zhang, Tatsumi, Fan, & Li, 2010) and reduce the content of
saponins (Lai, Hsieh, Huang, & Chou, 2013; Rui et al., 2017). These
microbes could hydrolyze the glucose moiety of isoflavones conju-
gates due to p-glucosidase and promote biological activity of soy-
bean products (Pham & Shah, 2008; Wei, Chen, & Chen, 2007; Zhai
et al., 2014). The proteins in soybean products could be hydrolyzed
into peptide or free amino acid duo to the protease of the starter
cultures (Guan et al., 2017).

The nutritional content changes of the fermented soybean and
their products could account for some enhanced physiological func-
tions of the fermented soybean and their products. In general, antiox-

idative activities of the fermented soybean products are significantly
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higher than those of their nonfermented counterpart (Marazza,
Nazareno, Giori, & Garro, 2012; Yang et al., 2017). Fermented soy-
bean products exhibited higher 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activity, 2,2'-Azinobis-(3-ethylbenzthiazoline-6-
sulfonate (ABTS) radical scavenging activity, ferric reducing anti-
oxidant power (FRAP) reducing power, hydroxyl radical scavenging
activity, and superoxide radical scavenging activity than those of the
unfermented soybean products (Lee, Hung, & Chou, 2008; Ming-
Yen & Cheng-Chun, 2010; Moktan, Saha, & Sarkar, 2008). Dajanta,
Janpum, and Leksing. (2013) reported that the FRAP values were
correlated well with the enhanced total phenolic contents in Bacillus
subtilis TN51-fermented soybeans. Hu et al. (2010) reported that the
values of scavenging activity toward DPPH radicals in black soybeans
fermented by Bacillus natto showed positive correlation with the en-
hanced contents of total phenols and aglycone isoflavone.

The food with antioxidant capacities was reported to exert an-
ticancer activities. Wen-Huei, Jun-Jen, Ching-Hsein, Tien-Shang,
and Fung-Jou. (2002) demonstrated that fermented soymilk product
(FSP) has a growth-inhibitory effect on various human breast carci-
noma cell lines, especially on MCF-7 cells. The soymilk fermented
with Bifidobacterium breve Yakult could inhibit female Sprague
Dawley rats mammary carcinogenesis due to the increased content
of isoflavone aglycone (Ohta et al., 2000).

In our previous work, Lactobacillus casei 16 showed higher $-glu-
cosidase activity, and the L. casei 16-fermented soymilk exhibited
the DPPH free radical scavenging capacity and oxygen radical absor-
bance capacity (ORAC) (Tang et al., 2018). In this study, we further
investigated the effect of fermentation by L. casei 16 on the aglycone
isoflavone, total phenolic, free amino acid, and saponin content in
the fermented soymilk. In addition, the ethanol and water extracts
of the fermented soymilk were studied for the protection for HepG,
cell against ABAP damage and the antiproliferative effect on human

colon cancer cell lines.

2 | MATERIALS AND METHODS

2.1 | Propagation of cultures

The strain Lactobacillus casei 16 was provided by Dalian probi-
otic functional property key laboratory in Dalian Polytechnical
University. L. casei 16 was stored in MRS broth containing 25% glyc-
erol at - 80°C. L. casei 16 was grown in 5 ml sterile MRS medium and
incubated at 37-C for 18 hr. After 2 successive culture in MRS me-
dium, 5 ml aliquots of sterile soymilk were incubated (2% v/v) with

L. casei 16 previously activated.

2.2 | Preparation of soymilk and soymilk
fermentation

The soymilk preparation and fermentation by L. casei 16 was carried
out according to our previous work (Tang et al., 2018). Soybean seeds
were obtained from a local supermarket and stored at 4-C until use.
Whole soybeans were cleaned by washing and soaked overnight in

2 times their weight of distilled water. The soaked soybeans were
blended with 4 times their weight of distilled water and ground in
a blender for 3 min. And the ground mixture was filtered through a
double-layered cloth to obtain soymilk. The soymilk was dispensed
into sterile bottle and sterilized by autoclaving for 15 min at 105°C.
After cooling, the sterile soymilk was inoculated with L. casei 16 by
2% (v/v) and incubated at 37 -C for 24 hr.

2.3 | Preparation of solvent extracts

The method of the extraction was according to our previous work
(Tang et al., 2018). To prepare solvent extracts, nonfermented or
fermented soymilk was freeze-dried using freeze dryer (FD-IC-5D,
Bo Medical Experimental Instrument Co., Ltd.), and the freeze-dried
soymilk or fermented soymilk was extracted by ultrasound (100 W)
with solvent (water or 80% ethanol) (1:10, w/v) and held at 25°C for
6 hr. The extracts were centrifuged at 10,000 g for 10 min at 4°C
before the supernatants were collected. The supernatants were

freeze-dried again. The freeze-dried extracts were stored at -80°C.

2.4 | Determination of total phenolic content

The total phenolic contents of samples were examined as described
by Chen et al. (2013) with minor modifications. The freeze-dried sam-
ples were dissolved in 0.1 ml DMSO (Merck).The 1.9 ml of deionized
water and 1.0 ml of Folin-Ciocalteu phenol reagent (Sigma-Aldrich
Co.) were added to the solution. Then, 5.0 ml of 20% Na,CO, was
added to the mixture at room temperature in darkness and allowed
to react for 20 min. Absorbance of samples was then measured at
735 nm. The total phenolic content of the sample was compared
with a standard curve of prepared gallic acid solution, and the results

were expressed as milligrams of gallic acid per milligram of extract.

2.5 | The free amino acid content measurement

The free amino acid contents of the fermented and unfermented
soymilk were measured as described by Xing et al. (2017) with minor
modifications. The pH of unfermented and fermented soymilk was
adjusted to 4.6 before determination. The samples were then cen-
trifuged at 3,000 g for 30 min at 4°C to obtain supernatants. Fifty
microliters of the supernatants was mixed with 2 ml O-phthalalde-
hyde and incubated for 2 min at room temperature. The absorbance
of samples was read at 340 nm. The free amino acid content was
determined from a standard curve constructed with Leucine stand-

ard, and the results were expressed as milligrams of Leucine extract.

2.6 | Quantification of total saponin

The saponin quantification in the soymilk was determined as de-
scribed by Helaly method (Dini, Schettino, Simioli, & Dini, 2001)
with slight modification. Briefly, the freeze-dried samples were dis-
solved in MeOH 80%. Aliquots of the samples (0.1 ml) were mixed
with fresh made vanillin solution (8% in ethanol, 0.1 ml) and added to



* | wWiLEy—

QIAN ET AL.

sulfuric acid (72%, 1 ml). The mixtures were allowed to bath at 60°C
water for 20 min and then stand for 5 min at ice-cold water. The
absorbance of the mixture at 544 nm was measured, and saponin
content was calculated from a standard curve constructed with puri-
fied soyasaponin standard.

2.7 | HPLC analysis of the soy isoflavone

The soy isoflavone contents in the soymilk were determined accord-
ing to our previous work (Tang et al., 2018). The ethanol extracts
of soymilk and fermented soymilk were redissolved in 80% metha-
nol. The samples were filtered through a 0.22 pm-pore-size poly-
vinylidene fluoride filter (PVDF) (Teknokroma, Barcelona, Spain)
prior to analyzed by HPLC. The analytical HPLC was consisted with
Waters 2,695 Alliance, a Waters 2,998 PDA detector, and C18 col-
umn (Optimapak, 4.5 x 250 mm, 5 pm). The autoinjector was used
to inject 20 pl of the samples, and isoflavone was detected by
monitoring the elution at 260 nm. The identification of isoflavones
was calculated from retention time, and PDA spectrums were com-
pared with those of the standards (genistein, genistin, daidzin, and
daidzein, purchased from Sigma-Aldrich chemical company). The
mobile phase was composed of 0.1% acetic acid in distilled water
(solution A) and acetonitrile (solution B), and the solvent flow rate
was maintained at 1 ml/min. The gradient conditions were as fol-
lows: 0-28 min, 85% A, 1.0 ml/min; 28-42 min, 65% A, 1.0 ml/min;
42-47 min, 55% A, 1.0 ml/min; and 47- 59 min, 85% A, 1.0 ml/min.

2.8 | Cell culture

The human colon cancer cell lines HT-29 and Caco-2, and liver cancer
cell line HepG, used in this study were purchased from the Cell Bank
of the Type Culture Collection of the Chinese Academy of Sciences,
in Shanghai, China. HT-29, Caco-2, and HepG, cells were routinely
cultured at 37°C in a 5% CO, and 95% air atmosphere. HT-29 cells
were grown in Roswell Park Memorial Institute (RPMI) 1,640 medium
(Gibco Life Technologies) supplemented with 10% (v/v) heat-inacti-
vated fetal bovine serum (Gibco Life Technologies), penicillin (100 U/
ml), and streptomycin (100 U/ml; Sigma-Aldrich). HepG, and Caco-2
cells were grown in DMEM medium (Gibco Life Technologies) supple-
mented with 20% (v/v) heat-inactivated fetal bovine serum (Gibco Life
Technologies), penicillin, and streptomycin (100 U/ml; Sigma-Aldrich).

2.9 | Cytotoxicity

Cytotoxicity was measured using the method of Wolfe and Hai
(2008) with modifications. 100 pl of HepG,, Caco-2, and HT-29 cells
at a concentration of 4 x 10° Cell/ml was seeded in the wells of 96-
well plate. After incubation for 24 hr at 37°C, the grown medium
was taken out, and the wells were washed with PBS twice. Then, the
wells of experimental group were added with soymilk or fermented
soymilk at the concentration of 50 pg/ml, 125 pg/ml, 250 pg/ml, and
500 pg/ml, respectively, and the plates were incubated at 37°C for
24 hr. After the medium was removed, the wells were washed with

PBS twice, and the plate was added with fifty microliter methylene
blue staining solution (98% HBSS, 0.67% glutaraldehyde and 0.6%
methylene blue). After incubation at 37°C for 1 hr, the methylene
blue was removed; the plate was washed with fresh distilled water
several times and then the plate dried in room temperature. 100 pl
of elution solution (49% PBS, 50% ethanol and 1% acetic acid) was
added to the dried plate and incubated on a bench-top shaker for
20 min at room temperature. The absorbance of the wells in the
plate was determined at 570 nm using Multiskan GO microplate
reader (Thermo Fisher Scientific). The absorbance decreased by
>10%, compared with the control, was considered to be cytotoxic.

2.10 | Effects of soymilk extracts on Survival of
HepG, cells by ABAP oxidative damage

The ABAP oxidative damage was measured using the method of
Song et al. (2010) with some modifications. HepG, cells were seeded
in the wells in a 96-well plate at a density of 1 x 10° cell/ml using
100 pl of growth medium and incubated for 24 hr at 37°C to allow
for cell attachment. After 24 hr incubation, the growth medium
was removed and washed with PBS twice. The cells were treated
with 100 ul ABAP (final concentration of 50 mmol/L, 60 mmol/L,
70 mmol/L, 75 mmol/L, 80 mmol/L, 85 mmol/L, 90 mmol/L, and
100 mmol/L dissolved in DEME medium, respectively, Sigma-
Aldrich) or DEME medium of O mmol/L ABAP as control for up to
2 hr at 37°C. To assess cell viability, the modified methylene blue
assay was to be used. The viability of HepG, cells was measured
at 570 nm using Multiskan GO microplate reader (Thermo Fisher
Scientific). The semilethal concentration (IC50) was determined. The
HepG, cell survival rate was calculated using the following equation:

Survival rate (%)= [(Asample - Ablank) / (Acontrol - Ablank)] /Acontrolx 100.

where A | is the absorbance at 570 nm of the control, A is

control
the absorbance at 570 nm of the sample, and A, is the optical

sample

absorbance at 570 nm of the blank group. All samples were analyzed
in triplicate.

To evaluate the protective effect of dried samples on HepG,
cells against ABAP injury, HepG, cells were seeded at a density
of 1 x 10° Cell/ml on a 96-well plate in 100 pl of growth medium
and incubated for 24 hr at 37°C. After cells adhere to the wall, the
experimental group was fed with soymilk and fermented soymilk
at the final concentration of 125 pg/ml, 250 pug/ml, and 500 pg/ml
for one hour. Cells were treated with ABAP at the concentration of
IC50 to induce oxidative stress for 2 hr and fresh medium as con-

trol. The HepG, cell viability was calculated as described above.

2.11 | Effects of soymilk extracts on Superoxide
Dismutase (SOD) in HepG, cells by ABAP
oxidative damage

To evaluate the effects of fermented soymilk extracts on the
production of SOD in HepG, cells by ABAP oxidative damage,
HepG, cells were cultured in 96-well plate as described above.
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FIGURE 1 The total phenolic contents of soymilk fermented
by Lactobacillus casei 16 at 37°C for different time. Data are
represented as mean + SD (n = 3). Mean values in the same group
with different letters (a-e; A-E) are significantly different by
Duncan's multiple range test (p < .05)

Then, the HepG, cells were treated with different extracts at
the final concentration of 125 pg/ml, 250 pg/ml, and 500 pg/
ml for one hour. Cells were treated with ABAP at the concentra-
tion of IC50 to induce oxidative stress for 2 hr and fresh medium
as control. Cultured medium was removed, and cells were then
lysed in a suitable volume of buffer (50 mM Tris-HCI pH 8.0,
50 mM EDTANa2, 0.2 M NaCl, 1% Triton X-100). Cell homogen-
ate was then centrifuged at 10,000 x g, 4°C for 10 min at 4°C.
The afforded supernatant was stored at -20°C prior to the as-
says. Superoxide dismutase (SOD) activity was determined using
the detection kit provided by Nanjing Jiancheng Bioengineering
Institute (Nanjing, China).

2.12 | Effects of fermented soymilk extracts on
human colon cancer cells proliferation

After the assessing of the fermented and unfermented soymilk
extracts cytotoxicity, the antiproliferative activity of the crude
extracts was measured using methylene blue assay as described
above. HT-29 cells and Caco-2 cells were seeded in the wells
of 96-well plates at a density of 5 x 10* cells/ml in 200 pl of
fresh medium for 24 hr. Cells were then treated with the ex-
tracts at different concentration (50ug/ml, 125 pg/ml, 250 pg/
ml, 500 pg/ml) and incubated for 72 hr at 37°C. The inhibition
rates of HT-29 cells and Caco-2 cells were calculated using the

following equation:

Inhibition rate (%)

= [1—(absorbance in test well) / (absorbance in control well)] x 100%.

2.13 | Western Blot Assay

The Western blot analysis was carried out as Mu et al. (2018) with
some modifications. All antibodies were purchased from Beyotime
Institute of Biotechnology. HT-29 cells were added into wells of 6-
well plates (Corning Inc.) at a density of 1.0 x 10° cells/ml for 48 hr.
Then, cells were pretreated with 2 ml sample (the water extract of
fermented and nonfermented soymilk dissolved in RPMI1640 me-
dium) for 48 hr. The medium was removed and washed thrice with
ice-cold sterile PBS. Cells scraped from the wells were suspended
in radio-immunoprecipitation assay (RIPA) buffer (Solarbio life sci-
ence) with 1% phenylmethanesulfonyl fluoride (PMSF, Solarbio life
science). Cell lysates were held at 4°C with gentle ultrasound to
facilitate protein extraction. Lysates was immediately centrifuged
(10,000 x g, 4°C for 10 min). Protein concentrations of the lysates
were determined using bicinchoninic acid (BCA) protein assay kit
(Solarbio life science). Equal amounts of protein from each cell
lysate were loaded onto 12% (w/v) sodium dodecyl sulfate-po-
lyacrylamide gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene fluoride (PVDF) membranes. The membranes
were treated with PBST (PBS containing of 0.05% Tween 20) con-
taining 5% nonfat milk to blocked for 1 hr at room temperature.
Membranes were incubated with antibodies PCNA and f-actin
overnight at 4°C. After the membranes were washed with PBST,
the secondary antibodies were incubated for 1 hr at 4°C. The pro-
tein combine with antibodies was visualized by BeyoECL star Kit
(Beyotime Institute of Biotechnology). Bands were then scanned
and quantified by ImagelJ software (National Institutes of Health,
Bethesda, USA). The expression of human B-actin was used as an
internal standard control. All measurements were conducted in
triplicate.

2.14 | Statistics

All the experiments were repeated 3 times or more, the results were
expressed as mean standard deviation, and the results were statis-
tically analyzed by SPSS 20.0 software. The multiple comparisons
were tested by Duncan's test, and the difference was significant (
p < .05).

3 | RESULTS AND DISCUSSION

The strain L. casei 16 was screened in our previous work (Tang et al.,
2018). L. casei 16 had higher B-glucosidase activity, and the L. casei
16-fermented soymilk showed antioxidant activities evidenced by
the DPPH free radical scavenging capacity and ORAC value (Tang
et al., 2018). In this study, the contents of total phenolic, aglycone
isoflavones, and free amino acid in the L. casei 16-fermented soymilk
were determined, and the cellular antioxidant activity and the an-
tiproliferative effects on human colon cancer cell lines of the fer-

mented soymilk were studied.
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3.1 | The total phenolic, aglycone isoflavones,
free amino acids, and saponin levels in the soymilk
fermented by L. casei 16

In this study, the total phenolic content of the soymilk fermented
by L. casei 16 significantly increased (p < .05) with the prolonging of
fermentation time, as shown in Figure 1. The aglycone isoflavones,
daidzein and genistein, concentrations in the fermented soymilk
significantly increased with fermentation time prolonging (p < .05),
while the glucosides isoflavones concentrations in the fermented
soymilk decreased significantly, as shown in Figure 2. The increase
in aglycone isoflavones could be due to the bioconversion of glu-
cosides isoflavones by L. casei 16. As shown in Figure 3, with the
prolonging of fermentation time, the saponin contents of the etha-
nol extracts and water extracts of the L. casei 16-fermented soymilk
reduced. These consequences might be caused by increased p-glu-
cosidase activity in the L. casei 16-fermented soymilk. The recovery
of isoflavones and saponins was 91.81% and 94.40%.

The free amino acid contents of the L. casei 16-fermented soy-
milk increased significantly (p < .05) with prolonging fermentation
time, as shown in Figure 4. A higher amino nitrogen content implied
a higher degree of protein hydrolysis and higher contents of amino
acid and peptides in the sample.

Our previous work found that the p-glucosidase activities of the
L. casei 16-fermented soymilk increased significantly during the fer-
mentation time ranging from 6 to 24 hr (Tang et al., 2018). Catalyzing
the release of phenolics by p-glucosidase of L. casei 16 during fer-
mentation could account for the increase in the total phenolic con-
tent and aglycone isoflavones contents. Rekha and Vijayalakshmi
(2011) reported that the isoflavone glucosides in soymilk could be
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FIGURE 2 The concentration of the soybean isoflavone in the
soymilk and the fermented soymilk (mg/g dry soymilk). Data are
represented as mean * SD (n = 3). Mean values in the same group
with different letters (a, b, c, d) are significantly different by t test

(p <.05)

converted to aglycone isoflavone catalyzed by p-glucosidase pro-
duced by some lactobacilli strains. The B-glucosidase produced by
lactic acid bacteria is responsible for the breakdown of p-1-6 glu-
cosidic bond, which conjugates the pran ring of isoflavone and the
sugar moieties (Donkor & Shah, 2010). The breakdown of isoflavone
glycosides into sugar moieties and bioactive isoflavone aglycones
during fermentation could improve the biological activity of soymilk.
The B-glucosidase catalytic action of L. casei 16 could lead to the
reduction of saponin content in the fermented soymilk too. $-glu-
cosidase can split sugar side chains of steroid and triterpenoid sa-
ponins and lower the water solubility of the compounds. Yan et al.

[ ethanol extracts
V7] water extracts

30 - B8 BC c
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12 18 24
Fermentation time (hr)
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FIGURE 3 The saponin content of soymilk fermented

by Lactobacillus casei 16 at 37°C for different time. Data are
represented as mean + SD (n = 3). Mean values in the same group
with different letters (a-c; A-C) are significantly different by
Duncan's multiple range test (p < .05)

Free amino acid content (mg/ml)

4

12 18
Fermentation time (hr)

FIGURE 4 The free amino acid content of soymilk fermented
by Lactobacillus casei 16 at 37°C for different time. Data are
represented as mean + SD (n = 3). Mean values in the same group
with different letters (A-E) are significantly different by Duncan's
multiple range test (p < .05)
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(2018) found that the p-glucosidase BIBG3 from B. longum catalyzed
the hydrolysis of saponin at higher efficiency. Chen et al. (2013) re-
ported that the peptide and amino acid contents of black soybeans
fermented by Aspergillus awamori were enhanced. Su, Cheng, Hsiao,
Han and Yu (2018) reported that the solid-state fermentation of soy-
bean by Lactobacillus species and Clostridium butyricum could in-
crease the degradation of soybean protein. Watanabe, Fujimoto, and
Aoki (2007) suggested that antioxidant activity in the water-soluble
fraction of Rhizopus-fermented tempeh may be due to the amino
acids and peptides formed during fermentation. In this study, the
fermentation of soymilk by L. casei 16 also increased the free amino
acid contents, which may be ascribed to the proteases produced by
L. casei 16.

3.2 | Effects of fermented soymilk extracts on the
survival of HepG, cells treated by ABAP

In this study, whether the fermented soymilk ethanol extracts or
water extract protect HepG, cells against ABAP damage was stud-
ied. ABAP is a kind of oxidant and can damage normal cells. The
ABAP-damaged HepG, cell model was established in this study. The
survival rates of the ABAP-damaged HepG, cells decreased with
the increase in ABAP dosage. When the ABAP concentration was
85 mmol/L, the HepG, cell survival rate was close to 50%. So the
semilethal concentration of ABAP to HepG, cells was 85 mmol/L
(IC50).

And the water or ethanol extracts of L. casei 16-fermented or
L. casei 16-unfermented soymilk at the concentrations ranging
from 50 pg/ml to 500 pg/ml had no cytotoxic effects on HepG,
cells. While the ethanol extract and water extract of L. casei 16-
fermented soymilk could enhance the survival rates of the HepG,
cells damaged by ABAP at IC50, as shown in Figure 5. With the
increase in the L. casei 16-fermented soymilk extract dosage, the
survival rates of the ABAP-damaged HepG, cells increased. When
the water or ethanol extracts concentration of L. casei 16-fer-
mented soymilk was 500 pg/ml, the HepG, cells’ survival rates
reached to 74.60 * 1.24% and 72.90 £ 3.69%, respectively, indi-
cating that the ethanol and water extract of the fermented soymilk
protect the HepG, cells against ABAP damage, while water extract
of the unfermented soymilk did not enhance the HepG, cells’ sur-
vival rates.

The SOD activities in HepG, cells treated with ethanol or water
extracts of the L. casei 16-fermented soymilk were enhanced as
shown in Figure 6. The control group HepG, cells had the highest
SOD activities (8.812 + 0.142 U/mg prot), and the SOD activity of
the HepG, cells damaged by ABAP decreased to 4.768 + 0.153 U/
mg prot. When the HepG, cells were pretreated by the L. casei
16-fermented soymilk water or ethanol extracts at the dosage
of 125 pg/ml, 250 pg/ml, and 500 pg/ml, respectively, and then
damaged by ABAP at IC50, the SOD activities of the HepG, cells
were significantly enhanced (p < .05) in a dose positive manner.
SOD is an enzyme that catalyzes the conversion of superoxide into
oxygen and hydrogen peroxide through disproportionation, which

[ ethanol extract of fermented soymilk
ethanol extract of unfermented s oymik
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water extract of unfermented soymik
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FIGURE 5 The effect of the extracts of the fermented and
unfermented soymilk at different concentrations on the survival
rate (%) of the HepG, cells damaged by ABAP. Data are represented
as mean = SD (n = 3). Mean values in the same group with different
letters (a-c; A-C; a*-b*; A*) are significantly different by Duncan's
multiple range test (p < .05)

protects cells from superoxide damage. Except for reactive oxygen
species (ROS) scavenging activity, the L. casei 16-fermented soy-
milk may enhance SOD activity in the HepG, cells. Li, Long, Pan,
Zhao, and Song (2018) reported that L. plantarum YS-1-fermented
soymilk could protect Caco-2 cells against H,0,-induced oxidative
damage by reducing the levels of intracellular ROS and enhancing
the expression of catalase (CAT), SOD, and glutathione peroxidase
(GSH-Px) in the Caco-2 cells.

The polyphenols (isoflavones, phenolic acids, and flavanols),
free amino acids, and peptides in fermented soybean are respon-
sible for antioxidant activity of the fermented soybean (Sanjukta
& Rai, 2016). Yang et al. (2017) reported that the increase of agly-
cone isoflavones in fermented soymilk explained the antioxidant
activity of the fermented soymilk by L. acidophilus MF204. Suo et
al. (2016) reported that the soymilk fermented by L. fermentum
Zhao had antioxidant activity due to the higher levels of amino
type nitrogen, genistein, and daidzein. In this study, the L. casei
16-fermented soymilk contains higher levels of amino type ni-
trogen, genistein, and daidzein compared with the unfermented
soymilk. Both the water extract and the ethanol extract of the
L. casei 16-fermented soymilk could enhance the survival rates
and the SOD activities of the ABAP-damaged HepG, cells. As
described above, aglycone isoflavones and total phenolics wer
mainly in the ethanol extract, while free amino acids were mainly
in the water extract. It can be concluded that the aglycone iso-

flavones, total phenolics, and free amino acids in the L. casei
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FIGURE 6 The effect of the extracts of the fermented soymilk
on SOD activity of the ABAP-damaged HepG, cells. Data are
represented as mean * SD (n = 3). Mean values in the same group
with different letters (A-E) are significantly different by Duncan's
multiple range test (p < .05)

16-fermented soymilk were contributed to the protection for

HepG, cells against ABAP damage.

3.3 | Effects of the fermented soymilk extracts
on the proliferation of human colon cancer cells

We further studied the effects of the L. casei 16-fermented
soymilk extracts on the proliferation of human colon cancer cell
lines, HT-29 cells, and Caco-2 cells. As shown in Figures 7 and
8, L. casei 16-fermented soymilk extracts inhibited the prolif-

eration of HT-29 and Caco-2 cells in a dose-dependent manner.
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FIGURE 7 The effects of different concentrations of water (A)
and ethanol (B) soymilk extracts on the proliferation of HT-29. Data
are represented as mean * SD (n = 3). Mean values in the same
group with different letters (a-d; A-E; a*-d*; A*-D*) are significantly
different by Duncan's multiple range test (p < .05)
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FIGURE 8 The effects of different concentrations of water and
ethanol soymilk extracts on the proliferation of Caco-2 cells. Data
are represented as mean = SD (n = 3). Mean values in the same
group with different letters (a-d; A-E; a*-d*; A*-D*) are significantly
different by Duncan's multiple range test (p < .05)

Compared with unfermented soymilk, the antiproliferative effect
of the L. casei 16-fermented soymilk on HT-29 and Caco-2 cells
was significantly enhanced (p < .05) at the same dose level. This
consequence might be due to the increase in the aglycones isofla-
vones and free amino acids contents in the fermented soymilk as
described above.

To confirm the antiproliferative activity of the L. casei 16-fer-
mented soymilk extracts toward HT-29 cells, the expression of
PCNA in the HT-29 cells was measured. The expression of PCNA
in the HT-29 cells treated by L. casei 16-fermented soymilk extracts
decreased compared with the control HT-29 cells, but the PCNA ex-
pression was not significantly different between the group treated
by the extracts of fermented soymilk and other group treated by the
extract of nonfermented soymilk, as shown in Figure 9. As shown in
Figure 7, both unfermented soymilk and fermented soymilk exerted
antiproliferative effect on HT-29 cells. Lai et al. (2013) reported
that soymilk fermented by S. thermophilus 14,085 and B. infantis
14,603 exerted suppression effect on the proliferation of Caco-2
and HT-29 cells, and the ethanol extract exhibited the higher an-
tiproliferative activity. Chen et al. (2013) found that, compared
with unfermented soymilk, all the water, 80% methanol or 80%
ethanol extract of fermented black soybeans showed significantly
higher (p < .05) antiproliferative effects on HT-29 and Caco-2 cells.
Shafiee, Saidijam, Tavilani, Ghasemkhani, and Khodadadi (2016)
reported that soybean genistein may exhibit its anticancer proper-
ties on HT29 colon cancer cells by modulating caspase-3 and p38
MAPK pathway at different transcriptional and protein levels. Ye,
Li, and Wei (2017) determined that genistein exerted its tumor sup-
pressor effect at least partially via inhibition of S-phase kinase-as-
sociated protein 2 and promotion of its downstream targets p21
and p27 in breast cancer cells. Khan and Kang (2017) revealed
that soybean seed powder fermented with L. plantarum DGK-17



QIAN ET AL. 55
~WILEY-|%
m ACKNOWLEDGMENTS
p-actin This research project was supported by the National Natural Science
" Foundation of China (N0.31571813, N0.31671828).
PCNA CONFLICT OF INTEREST
p . The authors do not have any conflicting interests.
Control Soymilk  fermented Soymilk Y &
18 i ETHICAL APPROVAL
16 - [ This study does not involve any human or animal testing.
<T
Z 14
5 \
S 2l ORCID
{ =
2 4oL B Yanfeng Tuo " https://orcid.org/0000-0001-7255-3753
o B
% 08
o REFERENCES
> 06 |
% 04 L Chen, Y. F, Chiang, M. L., Chou, C. C., & Lo, Y. C. (2013). Enhancing
S the antitumor cell proliferation and Cu 2+ -chelating effects of
02 | black soybeans through fermentation with Aspergillus awamori.
Journal of Bioscience & Bioengineering, 115(4), 400-404. https://doi.
0.0 L L L org/10.1016/j.jbiosc.2012.10.018
Control Soymilk Fermented Soymilk Dajanta, K., Chukeatirote, E., & Apichartsrangkoon, A. (2012).
Sample Improvement of thua nao production using protein-rich soybean and

FIGURE 9 Effects of the extracts of fermented soymilk and
nonfermented expression of PCNA in HT-29 cells. Data are
represented as mean + SD (n = 3). Mean values in the same group
with different letters (A-B) are significantly different by Duncan's
multiple range test (p < .05)

showed antiproliferative effect on human colon cancer HCT-116
cells through ROS-JNK signaling pathway. PCNA is often used as a
proliferation marker due to its specifically expressed in proliferat-
ing cell nuclei. In our study, the ethanol extract and the water ex-
tract of the L. casei 16-fermented soymilk showed the suppression
effect on the proliferation of both HT-29 and Caco-2 cells in a dose
manner and inhibited the PCNA expression in HT-29 cells. In the
ethanol extract, the isoflavone aglycone maybe accounts for the
antiproliferative effect. In the water extract, the antiproliferative
effects may be attributed to the increase in the free amino acid and

peptide contents in the fermented soymilk.

4 | CONCLUSION

This work showed the ethanol and water extracts of the L. casei 16-
fermented soymilk could protect HepG, cells against ABAP damage
and inhibit the proliferation of human colon cancer cell lines, HT-29
cells, and Caco-2 cells. The fermentation of soymilk by L. casei 16
enhanced the level of total phenolic, aglycone isoflavones, and free
amino acids in the fermented soymilk, which maybe accounts for the
protection for the HepG, cells, and the antiproliferative effects on
the HT-29 cells and Caco-2 cells.
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