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ARTICLE INFO ABSTRACT

Editor name: Yeonhwa Park Plant-based milk-like products from soybeans and other legumes and nuts have been explored worldwide, owing

to their nutritional and functional characteristics. This study was conducted to develop new functional food

Keywords: materials from peanut (Arachis hypogaea) milk (PM) with desirable health functions to mitigate lifestyle and age-
ieam“ ;mlk related diseases. The antioxidant, anti-glycation and bile acid-lowering properties of PM fermented with lactic
ntioxidant

acid bacteria Lactiplantibacillus plantarum Kinko-SU4 (FPM) were determined in vitro. L. plantarum Kinko-SU4
lowered the pH level from 6.4 to 4.3, 3.9, and 3.7 at 10, 24, and 48 h, respectively. The lactic acid concentra-
tion was 4.4 mg/mL after 48 h of incubation. The starter degraded the dissolved proteins in PM, including Ara h
1, one of the peanut allergens. Although the total phenolic content was 36% lower in FPM than in unfermented
PM, O3 radical-scavenging capacity was high in FPM. Anti-glycation in a bovine serum albumin-fructose model
and the bile acid-lowering capacities of PM were distinctly increased following fermentation. The result of this
study infers that PM fermented with L. plantarum Kinko-SU4 can be considered a desirable food material to

Anti-glycation
Bile acid-lowering
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prevent and ameliorate chronic lifestyle diseases, particularly in the elderly.

1. Introduction

The aging population has created huge economic burdens and
medical problems worldwide, even in developed countries (Nagarajan
et al.,, 2021). Aging increases the risk of developing chronic lifestyle
diseases such as diabetes, metabolic disorders, cardiovascular disease,
and cancer (Santos and Sinha, 2021). According to the “Annual Report
on the Aging Society” by Cabinet Office of Japan in 2020, 29% and 15%
of the Japanese population are aged 65 and 75 years or above, respec-
tively. The number of patients with lifestyle-related diseases increases,
leading to 60% of the total deaths in this age group and contributing to
30% of the total medical expenses. The risk of viral infections increases
with age and is exacerbated by lifestyle-related diseases (Lange, 2021).
In addition to improving eating habits and encouraging moderate ex-
ercise, the development of functional food products can also help pre-
vent and ameliorate lifestyle-related diseases and strengthen immunity
(Sharma, 2021).

The interest in plant-based milk-like products made from soybeans
and other legumes and nuts is increasing, owing to their nutritional and
functional characteristics (Grossmann et al., 2021). Individuals with
health problems such as lactose intolerance, allergies to the proteins in
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cow’s milk, or those with a vegetarian diet can use plant-based milk
products (Reyes-Jurado et al., 2021). Peanut (Arachis hypogaea), one of
the most popular nuts, are rich sources of lipid (50% w/w), carbohy-
drate (21%), protein (24%), and other biologically active compounds,
such as stilbenoids, flavonoids, and phytosterols (Mingle et al., 2022).
Peanut milk (PM) products are also popular worldwide (Jia et al., 2021).

The overproduction of reactive oxygen species (ROS), such as su-
peroxide anion (03) and hydroxyl (OH™) radicals, hydrogen peroxide
(H205), and singlet oxygen (105), has been associated with developing
various chronic and age-related degenerative diseases, such as cancer,
respiratory, neurodegenerative, and digestive diseases (Shields et al.,
2021). Advanced glycation end-products (AGEs), particularly endoge-
nously produced AGEs, have been linked to chronic hyperglycemia and
age-related diseases (Rungratanawanich et al., 2021). Hypercholester-
olemia, implicated in cardiovascular diseases, is also a major human
health concern (Collado et al., 2021). Food materials with bile
acid-lowering (hydrolysis and binding) properties inhibit the reuse of
bile acids during enterohepatic circulation, promoting the conversion of
bile acids from cholesterol and reducing the amount of cholesterol in the
blood (Jia et al., 2021). Therefore, studying food materials with anti-
oxidant, anti-glycation, and bile acid-lowering properties is important.
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(Nishida et al., 2021; Vijaykrishnaraj and Wang, 2021; Mirmiran et al.,
2022).

The antioxidant capacity of peanut-oil, -skin, and -hydrolyzed pro-
teins have been reported (Kumar et al., 2021; Yu et al., 2021; Zhang
et al., 2022). Although the anti-glycation and hypocholesterolemic
properties of peanut skin are also evidenced (Shimizu-Ibuka et al., 2009;
Zhao et al., 2021), the activities of whole- or deskinned-peanuts are not
well known. Previous studies have shown that the antioxidant (O3
scavenging), anti-glycation, and bile acid-lowering properties of some
plant food materials, such as white Japanese radish, rice bran, loofah,
argan press cake and some edible algae, are increased by lactic acid
fermentation (Kuda et al., 2010; Eda et al., 2016). Therefore, this study
aimed to investigate the antioxidant, anti-glycation, and bile
acid-lowering properties of PM compared with PM fermented with
selected lactic acid bacteria (FPM) for developing new functional food
materials with desirable nutritional value, health functions, and
rheology that can alleviate the problems associated with lifestyle and
age-related diseases.

2. Material and method
2.1. PM-preparation and chemicals used

Raw peeled peanut products from China were purchased from a food
retail store (Kobe Aarti, Kobe, Japan), and 50 g was soaked in distilled
water (DW) overnight. The soaked peanuts were cooked in 500 mL of
DW using the “soybean milk mode” of a soybean milk maker (DJ-06P,
Fukunou Sangyo, Mitsugi, Japan) and drained using a strainer and
kitchen net. In the soybean milk maker, the water and peanut mixture
was first boiled for 5 min, crushed for 5 min, and then stirred for 20 min.
The slurry was then autoclaved at 115 °C for 15 min to obtain the PM.

Folin-Ciocalteu phenol reagent, phenazine methosulfate (PMS), 3-(2-
pyridyl)-5,6-di(p-sulfophenyl)1,2,4-triazine disodium salt (ferrozine),
p-nicotinamide adenine dinucleotide (NADH), and nitroblue tetrazolium
salt (NBT) were obtained from Sigma-Aldrich (St. Louis, MO, USA).
Catechin, potassium ferricyanide, trichloroacetic acid, FeCls, bovine
serum albumin (BSA), D-fructose (Fru), bile powder (Oxgall), and
deoxycholic acid (DCA) were purchased from FUJIFILM Wako Pure
Chemicals (Osaka, Japan). The remaining reagents were of analytical
grade.

2.2. PM fermentation with lactic acid bacteria

2.2.1. Screening for starter cultures

A total of 43 lactobacilli and 32 lactococci strains (Table S1) isolated
from coastal samples (algal beach casts, beach plants, and sand) (Eda
et al., 2016; Kuda et al., 2016a, 2016b) were stored in the laboratory at
—80 °C with Microbank beads (Iwaki & Co., Tokyo, Japan) to screen for
starters utilized in this study. A bead of each strain was then inoculated
in 3 mL of de Man, Rogosa, and Sharpe (MRS) broth (Oxoid, Basing-
stoke, UK) and pre-cultured at 37 °C for 48 h. A loop of the culture was
inoculated in 3 mL of PM and incubated at 37 °C for 3 days; thereafter,
the pH was measured using a pH meter (22B, Horiba, Kyoto, Japan). The
lactobacilli and lactococci strains that generated the lowest pH value
were selected for further experiments.

2.2.2. PM fermentation

One selected strain each from lactobacilli and lactococci strains,
Lactiplantibacillus plantarum Kinko-SU4 (accession no. LC428213), iso-
lated from the flower of Hydrangea macrophylla, and Lactococcus lactis
subsp. lactis Oga-SU2 (accession no. LC208001), isolated from beach
sands, were pre-incubated in the MRS broth. The pre-culture (1 mL) was
inoculated in 100 mL of PM and incubated at 37 °C for 48 h. Viable
counts and pH values were measured at 0, 10, 24, and 48 h of incubation
using the MRS agar plating method and the pH meter, respectively.
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2.3. Chemical analysis of FPM

PM was incubated for 48 h with a selected strain (FPM). PM and FPM
were centrifuged at 5000 g for 10 min at 4 °C to measure the lactic acid
concentration, ultraviolet (UV) absorbance spectrum, protein,
ammonia, and total phenolic compound content (TPC).

Lactic acid production was determined by high-performance liquid
chromatography (HPLC) on an ICSep ICE-ORH-801 column (Tokyo
Chemical Industry Co., Ltd., Tokyo, Japan) (Xia et al., 2022). The pro-
tein content was measured using the Qubit Protein Assay Kit (Thermo
Fisher Scientific, Tokyo, Japan), and the molecular weight pattern of the
protein was measured with sodium dodecyl sulfate (SDS)-polyacryla-
mide gel electrophoresis (PAGE) using Compact PAGE (ATTO, Tokyo,
Japan) and 5-20% polyacrylamide gels (e-PAGEL, ATTO) according to
the manufacturer’s instructions. TPC was measured with Folin-Ciocalteu
phenol reagent, as previously reported by Eda et al. (2016).

The UV spectra were measured using a UV-visible spectrometer (ES-
2, Tokyo, Japan). The relative viscosities of PM and FPM were directly
determined by an oscillation viscometer (Viscomate VM-1G; Yamaichi
Electronics; Osaka, Japan) under ice-cold conditions (Takei et al., 2017).
The relative viscosity was then calculated as the quotient of the AES
viscosity divided by the viscosity of DW. The color parameters (L*, a*,
b*) were measured with a spectrophotometer (NF333; Nippon Denshoku
Industries, Tokyo, Japan) (Shibayama et al., 2019).

2.4. Antioxidant properties

2.4.1. O3 radical-scavenging activity

The scavenging capacity was determined by the O3 radical (the first
ROS to be generated in the body) and was measured using the non-
enzymatic NBT method as previously reported (Kaga et al., 2021).
Serially diluted samples (0.1 mL) were added to a 96-well microplate (n
= 3) with 0.025 mL of 0.25 mol/L phosphate buffer (pH 7.2), 0.025 mL
of 2 mmol/L NADH, and 0.025 mL of 0.5 mmol/L NBT. The absorbance
was measured at 560 nm (Absl) using a microplate reader (SH-1000
Lab, Corona Electric, Hitachinaka, Japan). This was followed by the
addition of 0.025 mL of 0.03 mmol/L PMS. The mixture was incubated
in the dark at 22 °C for 5 min, and the absorbance was measured at 560
nm (Abs2). The radical-scavenging capacity was calculated using the
following formula (1):

Radical-scavenging capacity (%)
1 Abs2 : sample — Abs1 : sample % 100
Abs2 : control — Absl1 : control
Using the concentration-dependent curve of the sample and catechin
solutions, the antioxidant capacities were expressed as catechin equiv-
alent (CatEq.)/mL.

(€3]

2.4.2. Ferric-reducing power

To estimate the reducing power of the samples, the Fe-reducing
power was measured using a previously described method (Kaga
et al., 2021); 0.05 mL of serially diluted samples and DW (control) were
added to a 96-well microplate (n = 3), with 0.25 mL of 0.1 mol/L
phosphate buffer (pH 7.2) and 0.025 mL of 1% (w/v) potassium ferri-
cyanide, and incubated at 37 °C for 60 min. Then, 0.025 mL of 10%
(w/v) trichloroacetic acid and 0.1 mL DW were added. The absorbance
was measured at 700 nm (Abs1), 0.025 mL of 0.1% (w/v) FeCls was
added, and the absorbance was measured again at 700 nm (Abs2). The
Fe-reducing power was calculated as follows (2):

Redusing power (Absorbances at 700 nm) =
(Abs2 : sample — Abs1 : sample)—
(Abs2 : control — Abs1 : control)

(2)
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2.5. Anti-glycation properties

The anti-glycation activity in the BSA-Fru models was determined as
previously described (Eda et al., 2016). Fru (1.5 mol/L, 0.5 mL) was
mixed with 0.5 mL samples and 0.5 mL sodium phosphate buffer [50
mmol, pH 7.4, with 0.02% (w/v) sodium azide] in screw-capped test
tubes, followed by incubation at 37 °C for 2 h. BSA (30 mg/mL, 0.5 mL)
was added to each test tube, and the mixtures were incubated at 37 °C
for 5 days. Fluorescence excitation was measured at 340 nm and emis-
sion at 420 nm using a multiple microplate reader (SH-9000; Corona
Electric). The percentage of AGE inhibition was calculated using the
following equation (3):

_ (1
where F1 0d and F1 5d represent the fluorescence intensity after reaction
for 0 and 5 days, respectively.

Anti-glycation (%)
7F1 5d sample — F1 0d sample % 100
Fl 5d control —F1 0d control

3)

2.6. Bile acid-lowering activity

PM and FOM samples were mixed with three times the volume of
ethanol and centrifuged at 5000 g for 10 min at 4 °C. The resulting pellet
was dried for brewing at 20 °C for 4 h in a safety cabinet (BHC-13071IA2,
Airtech Japan, Tokyo, Japan). 0.1 g of the samples were suspended in
10 mL of phosphate-buffered saline (PBS, pH 7.2; Nissui Pharmaceutical,
Tokyo, Japan). The suspension (0.5 mL) was added to the same volume
of PBS containing 0.5 mg/mL bile or 1.5 mmol/L cholic acid and incu-
bated for 30 min at 37 °C under a shaker (130 rpm). The mixture was
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then centrifuged (3000 g for 10 min at 4 °C), and the amount of bile acid
remaining in the supernatant was determined using a commercial kit
(TBA Test Wako, FUJIFILM Wako Pure Chemical) according to the
manufacturer’s protocol.

2.7. Statistical analysis

Measured values (n = 3) are presented as mean =+ standard error of
the mean (SEM). To compare the CFU and pH values in PM fermentation
test, a one-way analysis of variance was performed, and the individual
means were compared using Tukey’s test. To compare differences in the
antioxidant, anti-glycation, and bile acid-lowering capacities among
groups, the individual means were compared using the Student’s t-test.
All statistical analyses were performed using statistical software (Excel
Statistic Ver. 6; Esumi, Tokyo, Japan). Differences were considered
significant at p < 0.05.

3. Results and discussion
3.1. FPM properties with lactic acid bacteria

3.1.1. Starter selection

Approximately 520 mL of PM was prepared from 50 g of dried peanut
seeds. PM contained 93% (w/v) water, and the dried residue weighed
94 g. Using the PM fermentation screening test, L. plantarum Kinko-SU4
and L. lactis Oga-SU2 were selected from 75 strains. The selected strains
lowered the pH from 6.8 to 3.8 following incubation (Table S1).
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Fig. 1. Colony-forming unit (CFU; A), pH change (B), high-performance liquid chromatography (C), dissolved protein content (D), ultraviolet-absorption spectrum
(E), and sodium dodecyl sulfate-polyacrylamide gel image appearance (F) of peanut milk (PM) and PM fermented with Lactiplantibacillus plantarum Kinko-SU4 at
37 °C for 48 h (FPM). Values in A and B are mean + standard error of the mean (SEM) (n = 3). ® ® Values with different letters indicate significant differences at p

< 0.05.
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3.1.2. Lactic acid fermentation with selected starters

The viable counts of L. plantarum Kinko-SU4 and L. lactis Oga-SU2 in
PM increased from approximately 7 log colony-forming units (CFU)/mL
to 9.4 and 8.6 log CFU/mL after 10 h of incubation (Fig. 1A). The pH
values of L. plantarum Kinko-SU4 and L. lactis Oga-SU2 lowered imme-
diately from 6.4 to 4.5 and 5.0, respectively, after 10 h of incubation
(Fig. 1B). The strains had no synergistic effect. From these results,
L. plantarum Kinko-SU4 was selected as the FPM starter in subsequent
experiments for simple and stable fermentation. During the 48 h of
fermentation with L. plantarum Kinko-SU4, lactic acid (13.8 pmol/mL),
mainly sucrose, was generated from saccharides in the PM (Fig. 1C).

3.2. Dissolved protein and related compounds

The soluble protein contents in PM and FPM were approximately
6.55 and 1.22 mg/mlL, respectively (Fig. 1D). The UV absorbance
spectra of PM and FPM were consistent with the protein concentrations
(Fig. 1E). The SDS-PAGE band patterns of the samples are shown in
Fig. 1F. Four major bands (bands 1-4 in Fig. 1F) in PM disappeared
following fermentation, while additional bands (bands 5-7) appeared.

According to Li et al. (2013), bands 1 and 4 plausibly correspond to
major peanut allergens Ara h 1 and Ara h 2, respectively. Band 3 was
estimated as pyrolysis products. Recently, Ara hl degradation capacity
of a selected L. plantarum strain, similar to Bacillus subtilis natto, has been
reported (Pi et al., 2022). The strains used in this experiment may also be
used for allergen-reduced foods.

3.3. Colour and viscosity of FPM

The difference in appearance between PM and FPM was observable
with the naked eye (Fig. 1G). As shown in Table 1, reddish (a*) and
yellowish (b*) pigmentation was lowered by the fermentation. Addi-
tionally, little agglomeration was observed due to the fermentation. The
relative viscosity of PM and FPM were 3.23 and 2.16, respectively.

Although the pigment in the peanut skin is thought to contain
polyphenols, such as resveratrol, as functional materials (Bansole et al.,
2012), the pale color after fermentation may be easier to use for milk
type products. The decrease in viscosity might have involved the
decomposition of the major components and changes in the
three-dimensional structure.

3.4. TPC and antioxidant properties

Fermentation decreased the TPC of PM from 0.96 to 0.61 pmol
CatEq./mL (Table 1). However, O3 radical-scavenging activities were
significantly increased from a non-detectable lower capacity to 3.3 pmol
CatEq./mL (Fig. 2A). In contrast, Fe-reducing power was three folds
decreased by the fermentation, though the activity of the intact PM was
not so high (0.17 pmol CatEq./mL, Fig. 2B).

TPC is regarded as an active compound with reducing power and the
capacity for radical-scavenging in various plant foods, including pea-
nuts. Although increased TPC and antioxidant capacities in deskinned

Table 1
Total phenolic content, relative viscosity, and colour indices of peanut milk and
fermented peanut milk.

Peanut milk Fermented peanut

milk
Total phenolic content (pmol 0.958 + 0.610 + 0.047*
CatEq./mL) 0.006
Relative viscosity 3.23+0.01 2.16 £+ 0.03**
Colour indices L*  26.82 +0.51 25.19 + 0.55
a* 313+ 1.57 —15.7 + 1.03**
b* 453 +1.06 1.31 + 0.44*

Values are mean + standard error of the mean (n = 3).
*p < 0.05, **p < 0.01.
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PM by fermentation had been reported (Bensmira and Jiang, 2015),
these capacities are higher in peanut skin than in deskinned seeds
(Kumar et al., 2021). Moreover, TPC and Fe-reducing power decreased
due to fermentation; however, the O; radical-scavenging activity
increased in the present study. These results are consistent with previous
studies about fermented plant products (Guo et al., 2019; Kaga et al.,
2021). O3 radical-scavenging capacity of lactate and various peptides
has been reported (Groussard et al., 2000; Esfandi et al., 2019). The
increase of O3 radical-scavenging capacity may involve the formation of
lactate shown in Fig. 1C, and the protein-derived low molecular weight
substances shown in Fig. 1D-F.

In most organisms, O3 radicals are converted to HyO2 by superoxide
dismutase, and H,O, is stable in the absence of transition metal ions
(Pisochi et al., 2021). However, OH™ radicals can be formed by the re-
action of superoxide with HyO, in the presence of metal ions, particu-
larly ferrous or copper ions. OH™ radicals are more reactive (and toxic)
than O3. Therefore, the high O3 radical-scavenging capacity of the FPM
indicated the capacity to decrease the levels of Oz, HyOy, and OH™
radicals.

3.5. Anti-glycation properties

The activity of 125-500 pL/mL samples in the BSA-Fru model is
shown in Fig. 2C. The concentration-dependent activity can be seen even
in PM (36-65%) and increases significantly to 52-91% inhibition as a
result of FPM. Albumin is abundant in serum and can be glycated at
multiple sites, particularly in patients with diabetes mellitus (Qiu et al.,
2021). The effect of the extracts on all protein glycation stages was
determined by the BSA-Fru model system (Wang et al., 2011). The in-
crease in anti-glycation properties of the BSA-Fru model with increased
O3 radical-scavenging capacity has been shown in previous studies
(Taniguchi et al., 2019; Kaga et al., 2021). Research has shown that
scavengers for free radicals, particularly in hydroxyl and O3 radicals,
inhibit the initial process in the AGEs-producing pathway (Anwer et al.,
2021).

3.6. Bile acid-lowering capacities

As shown in Fig. 2D, with 0.2 g/mL of sample, an increase in the bile
acid-lowering capacity as a result of fermentation was observed in the
Ox-gall (from 0 to 5%), glycocholic acid (GCA) (from 0 to 8%), and DCA
(from 3 to 21%) models, although these inhibition percentages were not
extremely high. Approximately 70% of cholesterol in the human body is
biosynthesized in the liver (Kriaa et al., 2019). From the cholesterol, bile
acids are synthesized in the liver (Chiang and Ferrell, 2019). When lesser
bile acids are reabsorbed from the intestine in the enterohepatic circu-
lation system, the consumption of cholesterol (the material of bile) is
greater, and blood cholesterol levels are also reduced (Stellaard and
Liitjohann, 2021). Some probiotic strains, including L. plantarum, have
low cholesterol-lowering effects as a result of bile acid hydrolase activity
(Guo et al, 2019; Huang et al, 2019). In addition, this
cholesterol-lowering effect is attributed to bile acid-binding by
L. plantarum putative probiotic cells (Kuda et al., 2016a, 2016b). The
latter property was retained even after heat-sterilizing and showed a
lowering effect on plasma cholesterol levels in mice. In this study, the
DCA-lowering capacity of FPM was clear. Secondary bile acids,
including DCA, have been thought to be correlated with carcinogenesis
combined with gut microbiota metabolism (Liu et al., 2020).

Furthermore, this study revealed that L. plantarum Kinko-SU4 could
ferment PM properly. TPC was reduced by fermentation; therefore, the
increased O3 radical-scavenging, anti-glycation, and DCA-lowering
properties may correlate with organic acids, protein metabolites, and
cell membrane. FPM can be considered a desirable food product to
prevent and ameliorate chronic lifestyle diseases, particularly in the
elderly. Future studies are required to analyze free amino acid compo-
sition, sensory tests, and the safety and functional properties of FPM in



M. Yamamoto et al.

100

A. O, scavenging

90

3.28 £0.14 pmol
CatEq./mL

70
60
50 F
40 F
30

Scavenging (%)

20
10

PM

o “—O0—0—0+-0—-0—-0O—0~
0.01 0.1 1

Sample concentration (mL/mL)

=

o

]
1

c %k
B3

w0
o
T

3
S

*

*

70 | r
60 ]
50 |
40
30 }

Anti-glycation (%)

20
10

0.125 0.25 0.5
Sample concentration (mL/mL)

Absorbance (700 nm)

Current Research in Food Science 5 (2022) 992-997

21 B. Fe-reducing power
18 F
16 F
14 F

1.2

0.168 = 0.009 pumol CatEg./mL

1.0

0.8

0.6

0.4

0.2

0.0

0.01 0.1 1

Sample concentration (mL/mL)

*
DCA

40 r D

35 F

25

20
15 |
10 |

0 T .

Ox-gall GCA

Bile acid lowering (%)

Fig. 2. Superoxide anion radical-scavenging (A), Fe-reducing power (B), anti-glycation in BSA-fructose model (C), and bile acid-lowering (D) capacities of peanut
milk (PM: Circles and open columns) and PM fermented with Lactiplantibacillus plantarum Kinko-SU4 at 37 °C for 48 h (FPM: Squares and closed columns). Values are

mean + standard error of mean (SEM) (n = 3).

vitro and in vivo for the application of FPM in processed foods. Addi-
tionally, they should be focused on establishing an association between
the composition parameters in FPM and the bioactivities shown in this
study.

4. Conclusion

The antioxidant, anti-glycation, and bile acid-lowering properties of
both PM and FPM were determined to develop new functional food
materials with desirable nutritional value, health functions, and
rheology that can inhibit lifestyle and age-related diseases. L. plantarum
Kinko-SU4 was found to ferment PM properly, and the dissolved PM
proteins were degraded by the starter strains. The O3 radical-
scavenging, anti-glycation in the BSA-Fru model, and DCA-lowering
capacities of PM were increased by fermentation. Based on our find-
ings, FPM can be considered a beneficial food material that have po-
tentials prevent and ameliorate capacities on lifestyle diseases,
particularly in the elderly.

CRediT authorship contribution statement

Mahiro Yamamoto: Conceptualization, Methodology, Validation,
Formal analysis, Investigation, Resources, Data curation, Writing —
original draft, Visualization. Natsumi Handa: Investigation. Ayaka
Nakamura: Investigation. Hajime Takahashi: Conceptualization,
Methodology, Supervision. Takashi Kuda: Conceptualization, Meth-
odology, Validation, Formal analysis, Resources, Data curation, Writing
- review & editing, Visualization, Supervision, Project administration.

Values with different superscript letters indicate significant differences (*p < 0.05, **p < 0.01).

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

We would like to thank Editage https://www.editage. com for En-
glish language editing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.crfs.2022.06.003.

References

Anwer, S., Khan, S., Almatroud, A., Khan, A.A., Alsahli, M.A., Almatroodi, S.A.,
Rahmani, A.H., 2021. A review on mechanism of inhibition of advanced glycation
end products formation by plant derived polyphenolic compounds. Mol. Biol. Rep.
48, 787-805.

Bensmira, M., Jiang, B., 2015. Total phenolic compounds and antioxidant activity of a
novel peanut based kefir. Food Sci. Biotechnol. 24, 1055-1060.

Bansole, R.R., Randolph, P., Hurley, S., Ahmedna, M., 2012. Evaluation of hypolipidemic
effects of peanut skin-derived polyphenols in rats on Western-diet. Food Chem. 135,
1659-1666.

Chiang, J.Y.L., Ferrell, J.M., 2019. Bile acid biology, pathophysiology, and therapeutics.
Clin. Liver Dis. 15, 91-94.

Collado, A., Domingo, E., Piqueras, L., Sanz, M., 2021. Primary hypercholesterolemia
and development of cardiovascular disorders: cellular and molecular mechanisms
involved in low-grade systemic inflammation and endothelial dysfunction. Int. J.
Biochem. Cell Biol. 139, 106066.

Eda, M., Kuda, T., Kataoka, M., Takahashi, H., Kimura, B., 2016. Anti-glycation
properties of the aqueous extract solutions of dried algae products harvested and

996


https://www.editage/
https://doi.org/10.1016/j.crfs.2022.06.003
https://doi.org/10.1016/j.crfs.2022.06.003
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref1
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref1
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref1
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref1
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref2
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref2
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref3
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref3
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref3
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref4
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref4
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref5
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref5
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref5
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref5
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref6
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref6

M. Yamamoto et al.

made in the Miura Peninsula, Japan, and effect of lactic acid fermentation on the
properties. J. Appl. Phycol. 28, 3617-3624.

Esfandi, R., Walter, M.E., Tsopmo, A., 2019. Antioxidant properties and potential
mechanisms of hydrolyzed proteins and peptides from cereals. Heliyon 5, €10538.

Grossmann, L., Kinchla, A.J., Nolden, A., McClements, D.J., 2021. Standardized methods
for testing the quality attributes ofplant-based foods: milk and cream alternatives.
Compr. Rev. Food Sci. Food Saf. 20, 2206-2233.

Groussard, C., Morel, L., Chevanne, M., Monnier, M., Cillard, J., Delamarche, A., 2000.
Free radical scavenging and antioxidant effects of lactate ion: an in vitro study.

J. Appl. Physiol. 89, 169-175.

Guo, L., Wang, L., Liu, B., Tang, Y., Yu, S., Zhang, D., Huo, G., 2019. Effect of bile salt
hydrolase-active Lactobacillus plantarum KLDS 1.0344 on cholesterol metabolism in
rats fed a high-cholesterol diet. J. Funct.Foods 61, 103497.

Jia, C., Lu, X., Gao, J., Wang, R., Sun, Q., Huang, J., 2021. TMT-labeled quantitative
proteomic analysis to identify proteins associated with the stability of peanut milk.
J. Sci. Food Agric. 101, 6424-6433.

Jia, W., Wei, M., Rajani, C., Zheng, X., 2021. Targeting the alternative bile acid synthetic
pathway for metabolic diseases. Prot. Cell 12, 411-425.

Kaga, Y., Kuda, T., Taniguchi, M., Yamaguchi, Y., Takenaka, H., Takahashi, H.,
Kimura, B., 2021. The effects of fermentation with lactic acid bacteria on the
antioxidant and anti-glycation properties of edible cyanobacteria and microalgae.
LWT-Food Sci. Technol. 135, 110029.

Kriaa, A., Bourgin, M., Potiron, A., Mkaouar, H., Jablaoui, A., Gérard, P., Maguin, E.,
Rhimi, M., 2019. Microbial impact on cholesterol and bile acid metabolism: current
status and future prospects. J. Lipid Res. 60, 323-332.

Kuda, T., Kaneko, N., Toshihiro, Y., Mori, M., 2010. Induction of superoxide anion
radical scavenging capacity in Japanese white radish juice and milk by Lactobacillus
plantarum isolated from aji-narezushi and kaburazushi. Food Chem. 120, 517-523.

Kuda, T., Kataoka, M., Nemoto, M., Kawahara, M., Takahashi, H., Kimura, B., 2016a.
Isolation of lactic acid bacteria from plants of the coastal Satoumi regions for use as
starter cultures in fermented milk and soymilk production. LWT-Food Sci. Technol.
68, 202-207.

Kuda, T., Masuko, Y., Kawahara, M., Kondo, S., Nemoto, M., Nakata, T., Kataoka, M.,
Takahashi, H., Kimura, B., 2016b. Bile acid-lowering properties of Lactobacillus
plantarum Sanriku-SU3 isolated from Japanese surfperch fish. Food Biosci. 14,
41-46.

Kumar, S.P.J., Chintagunta, A.D., Reddy, Y.M., Kumar, A., Agarwal, D.K., Pal, G., Simal-
Gandara, J., 2021. Application of phenolic extraction strategies and evaluation of the
antioxidant activity of peanut skins as an agricultural by-product for food industry.
Food Anal. Methods 14, 2051-2062.

Lange, K.W., 2021. Food science and COVID-19. Food Sci. Hum. Wellness 10, 1-5.

Li, H., Yu, J., Ahmednaa, M., Goktepe, I., 2013. Reduction of major peanut allergens Ara
h 1 and Ara h 2, in roasted peanuts by ultrasound assisted enzymatic treatment. Food
Chem. 141, 762-768.

Liu, T., Song, X., Khan, S., Li, Y., Guo, Z., Li, C., Wang, S., Dong, W., Liu, W., Wang, B.,
Cao, H., 2020. The gut microbiota at the intersection of bile acids and intestinal
carcinogenesis: an old story, yet mesmerizing. Int. J. Cancer 146, 1780-1790.

Mirmiran, P., Hosseini-Esfahani, F., Esfahani, Z., Hosseinpour-Niazi, S., Azizi, F., 2022.
Associations between dietary antioxidant intakes and cardiovascular disease. Sci.
Rep. 12, 1504.

Mingle, L., Guo, S., Ho, C., Bai, N., 2022. Review on chemical compositions and
biological activities of peanut (Arachis hypogeae L.). J. Food Biochem, e14119.
Nagarajan, N.N., Teixeira, A.A.C., Silva, S.T., 2021. Ageing population: identifying the
determinants of ageing in the least developed countries. Popul. Res. Pol. Rev. 40,

187-210.

Nishida, S., Katsumi, N., Matsumoto, K., 2021. Prevention of the rise in plasma
cholesterol and glucose levels by kaki-tannin and characterization of its bile acid
binding capacity. J. Sci. Food Agric. 101, 2117-2124.

997

Current Research in Food Science 5 (2022) 992-997

Pi, X, Fu, G., Yang, Y., Wan, Y., Xie, M., 2022. Changes in IgE binding capacity,
structure, physicochemical properties of peanuts through fermentation with Bacillus
natto and Lactobacillus plantarum along with autoclave pretreatment. Food Chem.
133208.

Pisochi, A.M., Pop, A., Iordache, F., Stanca, L., Predoi, G., Serban, A.I., 2021. Oxidative
stress mitigation by antioxidants - an overview on their chemistry and influences on
health status. Eur. J. Med. Chem. 209, 112891.

Qiu, H., Hou, N, Shi, J., Liu, Y., Kan, C., Han, F., Sun, X., 2021. Comprehensive overview
of human serum albumin glycation in diabetes mellitus. World J. Diabetes 12,
1057-1069.

Reyes-Jurado, F., Soto-Reyes, N., Davila-Rodriguez, M., Lorenzo-Leal, A.C., Jiménez-
Munguia, M.T., Mani-Lopez, E., Lopez-Malo, A., 2021. Plant-based milk alternatives:
types, processes, benefits, and characteristics. Food Rev. Int. 1952421.

Rungratanawanich, W., Qu, Y., Wang, X., Essa, M.M., Song, B., 2021. Advanced glycation
end products (AGEs) and other adducts in aging-related diseases and alcohol-
mediated tissue injury. Exp. Mol. Med. 53, 168-188.

Santos, A.L., Sinha, S., 2021. Obesity and aging: molecular mechanisms and therapeutic
approaches. Aging Res. Rev. 57, 101268.

Sharma, R., 2021. Bioactive food components for managing cellular senescence in aging
and disease: a critical appraisal and perspectives. Pharma Nutr. 18, 100281.

Shibayama, J., Kuda, T., Takahashi, H., Kimura, B., 2019. Induction of browning and
antioxidant capacity of cooked shark meats by pre-treatment with fermented rice
bran suspension. Process Biochem. 87, 33-36.

Shields, H.J., Traa, A., Van Raamsdonk, J.M., 2021. Beneficial and detrimental effects of
reactive oxygen species on lifespan: a comprehensive review of comparative and
experimental studies. Front. Cell Dev. Biol. 9, 628157.

Shimizu-Ibuka, A., Udagawa, H., Kobayashi-Hattori, K., Mura, K., Tokue, C., Takita, T.,
Arai, S., 2009. Hypocholesterolemic effect of peanut skin and its fractions: a case
record of rats fed on a high-cholesterol diet. Biosci. Biotechnol. Biochem. 73,
205-208.

Stellaard, F., Liitjohann, D., 2021. Dynamics of the enterohepatic circulation of bile acids
in healthy humans. Gastrointestinal Liver Physiol. 321, G55-G66.

Takei, M., Kuda, T., Eda, M., Shikano, A., Takahashi, H., Kimura, B., 2017. Antioxidant
and fermentation properties of aqueous solutions of dried algal products from the
Boso Peninsula, Japan. Food Biosci. 19, 85-91.

Taniguchi, M., Kuda, T., Shibayama, J., Sasaki, T., Michihata, T., Takahashi, H.,
Kimura, B., 2019. In vitro antioxidant, anti-glycation and immunomodulation
activities of fermented blue-green algae Aphanizomenon flos-aquae. Mol. Biol. Rep.
46, 1775-1786.

Vijaykrishnaraj, M., Wang, K., 2021. Dietary natural products as a potential inhibitor
towards advanced glycation end products and hyperglycemic complications: a
phytotherapy approaches. Biomed. Pharmacother. 144, 112336.

Wang, W., Yagiz, Y., Buran, T.J., Nunes, C. de N., Gu, L., 2011. Phytochemicals from
berries and grapes inhibited the formation of advanced glycation end-products by
scavenging reactive carbonyls. Food Res. Int. 44, 2666-2673.

Xia, Y., Kuda, T., Nakamura, S., Yamamoto, M., Takahashi, H., Kimura, B., 2022. Effects
of soy protein and f-conglycinin on microbiota and in vitro antioxidant and
immunomodulatory capacities of human faecal cultures. Food Hydrocolloids 127,
107516.

Yu, J., Mikiashvili, N., Bonku, R., Smith, I.V., 2021. Allergenicity, antioxidant activity
and ACE-inhibitory activity of protease hydrolyzed peanut flour. Food Chem. 360,
129992.

Zhang, D., Li, X., Zhang, Z., Zhang, J., Sun, Q., Duan, X., Sun, H., Cao, Y., 2022. Influence
of roasting on the physicochemical properties, chemical composition and
antioxidant activities of peanut oil. LWT-Food Sci. Technol. 154, 112613.

Zhao, L., Zhu, X., Yu, Y., He, L., Li, Y., Zhang, L., Liu, R., 2021. Comprehensive analysis of
the anti-glycation effect of peanut skin extract. Food Chem. 362, 130169.


http://refhub.elsevier.com/S2665-9271(22)00092-2/sref6
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref6
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref7
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref7
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref9
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref9
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref9
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref10
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref10
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref10
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref11
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref11
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref11
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref12
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref12
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref12
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref13
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref13
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref14
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref14
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref14
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref14
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref15
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref15
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref15
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref16
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref16
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref16
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref17
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref17
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref17
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref17
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref18
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref18
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref18
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref18
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref19
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref19
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref19
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref19
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref20
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref21
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref21
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref21
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref22
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref22
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref22
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref23
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref23
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref23
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref24
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref24
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref25
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref25
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref25
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref26
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref26
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref26
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref27
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref27
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref27
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref27
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref28
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref28
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref28
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref29
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref29
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref29
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref30
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref30
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref30
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref31
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref31
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref31
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref32
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref32
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref33
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref33
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref34
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref34
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref34
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref35
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref35
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref35
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref36
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref36
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref36
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref36
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref37
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref37
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref38
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref38
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref38
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref39
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref39
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref39
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref39
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref40
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref40
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref40
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref41
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref41
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref41
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref42
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref42
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref42
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref42
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref43
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref43
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref43
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref44
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref44
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref44
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref45
http://refhub.elsevier.com/S2665-9271(22)00092-2/sref45

	In vitro antioxidant, anti-glycation, and bile acid-lowering capacity of peanut milk fermented with Lactiplantibacillus pla ...
	1 Introduction
	2 Material and method
	2.1 PM-preparation and chemicals used
	2.2 PM fermentation with lactic acid bacteria
	2.2.1 Screening for starter cultures
	2.2.2 PM fermentation

	2.3 Chemical analysis of FPM
	2.4 Antioxidant properties
	2.4.1 O2− radical-scavenging activity
	2.4.2 Ferric-reducing power

	2.5 Anti-glycation properties
	2.6 Bile acid-lowering activity
	2.7 Statistical analysis

	3 Results and discussion
	3.1 FPM properties with lactic acid bacteria
	3.1.1 Starter selection
	3.1.2 Lactic acid fermentation with selected starters

	3.2 Dissolved protein and related compounds
	3.3 Colour and viscosity of FPM
	3.4 TPC and antioxidant properties
	3.5 Anti-glycation properties
	3.6 Bile acid-lowering capacities

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	Appendix A Supplementary data
	References


