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Background: Amazake is a traditional Japanese non-alcoholic rice beverage
produced through koji fermentation and recognized as a functional food. Thai
jasmine rice (Oryza sativa L. KDML 105) is rich in health-promoting nutrients
and bioactive compounds, yet no studies have explored the health benefits of
fermented Thai jasmine rice beverages.

Objectives: To investigate the health-promoting properties of fermented
Jasmine rice amazake (JAS-AMA), focusing on phenolic and flavonoid content,
antioxidant capacity, prebiotic effects, and antipathogenic activity against
bacteria.

Materials and methods: An in vitro study compared JAS-AMA with non-
fermented Thai jasmine rice (JAS-SYR) and traditional Japanese amazake (JP-AMA).
Total phenolic content, total flavonoid content, DPPH and ABTS antioxidant
assays, and prebiotic activity against Lactobacillus plantarum (L. plantarum)
and Escherichia coli (E. coli) were evaluated using isomaltooligosaccharide
(IMO) as a prebiotic reference.

Results: The total phenolic content of JAS-AMA was significantly higher than
that of JAS-SYR (28+0.44 compared with 3.0+0.24x10° mg GAE/uL extract,
p<0.05), but comparable to that of JP-AMA (34+1.3x10° mg GAE/uL extract).
However, the total flavonoid content of both JAS-AMA and JAS-SYR was
significantly lower than JP-AMA (63+6.80 and 12+1.7, respectively, compared
with 128+22x107 mg CE/uL extract, p<0.05). DPPH assay showed comparable
antioxidant activity between JAS-AMA and JP-AMA (70.34% and 65.71%
inhibition, respectively), both significantly higher than JAS-SYR (20.14%
inhibition, p<0.05), whereas ABTS assay revealed significantly lower antioxidant
activity in both JAS-AMA and JAS-SYR, lower than JP-AMA (53.57% and
66.05% compared with 95.42% inhibition, p<0.05). The maximum OD600
of L. plantarum grown with JAS-AMA (2.0025+0.10) was comparable to that
of glucose (1.8050+0.1882) and significantly higher than that of IMO alone
(1.4213+0.0925, p<0.05), suggesting a notable prebiotic effect. No significant
differences in E. coli growth were observed across any substrate condition
(p>0.05).

Conclusion: Jasmine rice amazake demonstrates comparable phenolic content
and partial antioxidant activity to traditional Japanese amazake, supporting its
potential as a functional beverage and encouraging further development using
other rice varieties.
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Introduction

Traditional Japanese diets are widely associated
with longevity and good health in the Japanese
population. A key element of Washoku is rice as the
primary carbohydrate source, commonly consumed
alongside a variety of fermented foods produced with
Aspergillus oryzae (A. oryzae) (Koji)."? One representative
fermented product is amazake, a sweet, non-alcoholic
rice beverage made by fermenting cooked rice with
koji. Traditionally, Japanese white rice (Oryza sativa
japonica) is used for amazake production, during
which koji enzymes promote starch saccharification,
resulting in the formation of over 300 compounds,
including metabolites derived from Koji.>* Due to its
rich content of fermentation-derived carbohydrates
and bioactive compounds, amazake has gained
attention as a potential functional food, particularly
amid the rapidly expanding global prebiotic market.®
Previous studies have identified prebiotic compounds
in koji amazake, such as isomaltooligosaccharides
(IMO), isomaltotriose, and monohexosyl-ceramides,
which have been reported to beneficially modulate
intestinal microbiota and improve gastrointestinal
health. In addition, amazake contains essential
vitamins that contribute to overall human health.24®
Despite these recognized benefits, current research
has primarily focused on amazake produced from
Japanese white rice, leaving a critical knowledge
gap regarding how different rice varieties influence
fermentation outcomes, prebiotic composition, and
functional properties. Therefore, further investigation
into amazake is necessary to deepen scientific
understanding and support the development of diverse,
evidence-based prebiotic products.

Thai jasmine rice (Oryza sativa L. KDML 105),
along with Japanese white rice (Oryza sativa japonica),
is one of the two main subspecies of Asian cultivated
rice, both of which are staple foods for half of
the world’s population. These subspecies exhibit
distinct structural, biochemical, and physiological
characteristics, as evidenced by differences in
starch microstructure and protein composition,
which influence starch digestibility and metabolic
behavior.”® Such intrinsic compositional differences
are likely to affect enzymatic starch breakdown and
saccharification efficiency during fermentation with
A. oryzae. Consequently, variations in rice subspecies
may influence the fermentation dynamics and the
profile of bioactive compounds produced in amazake.
Despite its widespread consumption and economic
importance across Asia, Thai jasmine rice remains
underexplored as a substrate for fermented products
such as amazake.

The objective of this studyisto explore the potential
health-promoting properties of fermented Thai jasmine
rice beverage or Thai jasmine rice amazake. These
properties include antioxidant potential, assessed by
measuring phenolic content and antioxidant capacity
as previously studied in traditional amazake,® and

prebiotic potential, evaluated in vitro using selected
probiotic and pathogenic bacterial strains to assess the
selective effects of isomaltooligosaccharides (IMO),
serving as a prebiotic reference for comparison with
the amazake candidate. L. plantarum was included as
a well-established probiotic with documented IMO-
mediated growth stimulation, serving as a reference for
prebiotic activity.*° This in vitro study has examined the
growth of pathogenic bacteria, specifically E.coli, which
are expected to proliferate poorly on oligosaccharide
carbohydrate sources and jasmine rice-based
amazake, to assess the antipathogenic potential.’®

Materials and methods
Chemicals

Gallic acid (Hi-media, India, Hi-AR grade), trolox
(Sigma-Aldrich, US, AR grade purity298%), folin-
ciocalteu reagent (Sigma-Aldrich, US, AR grade purity
298%), 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Sigma-
Aldrich, US, AR grade purity 298%), diammonium salt
of 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) (Hi-media, India, Hi-AR grade), sodium
nitrite (NaNO,) (KEMAUS, Australia, AR grade purity
298%), potassium persulphate (K,S,0,)(Hi-media,
India, Hi-AR grade), aluminium chloride (ALCL,)
(KEMAUS, Australia, AR grade purity 298%), sodium
hydroxide (NaOH)(RCI Labscan, Thailand, AR grade),
sodium carbonate (Na,CO,)(Hi-media, India, Hi-AR
grade), isopropanol (Sigma-Aldrich, US, AR grade purity
298%), Isomaltoligosaccharide (IMO) (Wako, Japan,
Food grade).

Sample preparation

The amazake used in this study was kindly
provided by YoRice Café (Chiang Mai, Thailand), a
producer and distributor of YoRice amazake beverages
made from Thai jasmine rice (Oryza sativa L., KDML
105). The production process involved preparing the
koji starter by inoculating steamed Japanese rice
(Oryza sativa japonica) with A. oryzae and incubating it
at 40 °C for 3 days. The resulting starter was then mixed
with steamed jasmine rice and clean water, followed by
24 hrs of fermentation at 50 °C with continuous stirring.
This production process was developed through
iterative trial-and-error optimization of the product. The
fermented mixture was subsequently pasteurized and
distributed.

The modified amazake samples used in this study
consisted of three groups: 1) amazake made from 0.5
kg of cooked Thai jasmine rice fermented with 0.5 kg
of koji (1:1 ratio) homogenized with 1 liter of drinking
water and pasteurized (JAS-AMA), 2) cooked jasmine
rice 0.5 kilogram extract mixed with the sucrose syrup
low calories 200 mL/kg of jasmine rice homogenized
with 1 liter drinking water to replace the sugar that
would be created after fermentation, but not subjected
to fermentation or pasteurization (JAS-SYR), and
3) a commercial Japanese amazake product prepared
from Japanese rice (JP-AMA), with the trade name
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withheld to avoid potential impact on product image.
All samples were transported at 7 °C and stored at
-20 °C until extraction and subsequent analysis. The
sample extraction procedure was based on Oguro
et al.’s study.”” Briefly, 10.0 mL of the sample was
centrifuged in a Universal 320 centrifuge (Hettich) at
2,300 x g for 5 min to separate into layers. The solution
supernatant was transferred into a 250-mL evaporating
flask and dried using a Rotary Evaporator Hel-Vop
(Heidolph, Germany) until the sample was completely
dry. The dried sample was then dissolved in 1 mL of
50% isopropanol. The sample was then diluted fivefold
with distilled deionized water (1:4 sample-to-water
ratio). The sample was then filtered with a 0.22-micron
Nylon syringe filter, obtaining approximately 4.0-4.5 mL
of filtrate. The filtered sample was aliquoted and stored
in aclean 1 mL glass vial at -20 °C before analysis

Determination of total flavonoid content (TFC)

The sample extract was determined for total
flavonoid content (TFC) using the aluminum chloride
method, following Mehmood et al.’s modifications.?
Briefly, 20 uL of the amazake extract was added to a
96-well plate, followed by 80 pL of distilled water and
6 pL of a 5% (w/v) NaNO, solution. The mixture was
incubated in the dark at room temperature for 6 min.
Subsequently, 6 pL of a 10% (w/v) ALCL, solution was
added, and the mixture was incubated for an additional
6 min under the same conditions. Finally, 40 pyL of 1M
NaOH was added, and the absorbance was measured
at 510 nm. The TFC was expressed as milligrams of
catechin equivalents per gram of extract (mg CAE/gm
extract).

Determination of total phenolic content (TPC)

The sample extract was determined for total
phenolic content (TPC) using the Folin-Ciocalteu
method based on Mehmood et al. modifications.'
Briefly, 15 pL of the extract amazake sample and 125 pL
of 10% Folin-Ciocalteu reagent were added to a 96-well
plate and incubated in the dark at room temperature
for 5 min, followed by the addition of 125 yL of 1.89 M
Na,CO, solution (w/v). The mixtures were thoroughly
mixed and incubated in the dark at room temperature
for 90 min. Absorbance was then measured at 725 nm.
The TPC was expressed as milligrams of gallic acid
equivalents per gram of extract (mg GAE/gm extract).

Determination of DPPH free radical scavenging assay

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-
scavenging activitywas determined using a colorimetric
method with trolox as the standard, following the
modifications of Zengin et al.”®* A 20 pL volume of the
amazake extract was added to a 96-well plate, followed
by 180 pyL of an 80 uM DPPH methanol solution. The
mixtures were thoroughly mixed and incubated in
the dark at room temperature for 5 min. Following
incubation, the absorbance was measured at 490 nm.
The DPPH free radical scavenging activity was calculated
using the equation:

DPPH %inhibition = [(OD of sample - OD of blank)/
OD of control] x100

Determination of ABTS free radical scavenging assay

The ABTS (2,2’-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid) radical-scavenging activity was
determined using a colorimetric method with trolox as
the standard, based on Re et al. modifications.™ The
ABTS solution was prepared by mixing 2 mM ABTS with
2.45 mM K2S208 in a 1:1 ratio, then kept in the dark at
room temperature for 16 hrs. Then the ABTS solution
was diluted with 50 mM phosphate buffer (pH 7.4) to
achieve an absorbance of 0.70+0.02 at 734 nm. A20 pL
volume of the amazake extract was added to a 96-well
plate, followed by 200 pL of ABTS solution. The mixtures
were thoroughly mixed and incubated in the dark at
room temperature for 6 min. Following incubation, the
absorbance was measured at 734 nm. The ABTS free
radical scavenging activity was calculated using the
equation:

ABTS %inhibition = [(OD of sample - OD of blank)/
OD of control] x100

Probiotic growth stimulation and pathogenic inhibition
stimulation

Probiotic growth stimulation and pathogenic
inhibition were assessed following the method of
Rurangwa et al., specifically targeting the probiotic
bacterium L. plantarum (TISTR-2074) and the pathogenic
bacterium E. coli (TISTR-527).*"7 They were grown
in modified MRS (WMRS) broth supplemented with
mixture of 20 gm/L beef extract and proteose peptone,
5 gm/L yeast malt broth, 1 gm/L tween 20, 1 gm/L
citric acid monohydrate, 1 gm/L ammonium acetate,
5 gm/L sodium acetate, 2 gm/L di-sodium hydrogen
phosphate, 0.2 gm/L magnesium sulfate anhydrous,
and 0.05 gm/L manganese (ll) sulfate monohydrate,
dissolved in distilled water with content 20 gm/L
different substrates (in ratio 2:3 of content wMRS)
including glucose (GLU), isomaltooligo-saccharide
(IMO), and Thai jasmine rice amazake (The solution was
approximated using the phenol-sulfuric acid method
compare with glucose 20 gm/L). After semi-anaerobic
incubation (sealed with a cotton plug) at 37 °C for 48
hrs, an approximate cell concentration of 3x102 cells/
mL was obtained in different MRS broths supplemented
with various substrates (inoculum: 1% of the broth). For
detecting the microbe in broth, we referenced the light
wavelengths that should be used from the Montesinos-
Cruz and Somerville study.’® Samples were collected
to determine growth or inhibition by monitoring the
optical density at 600 nm in the GENESYS™ 180 UV-Vis
spectrophotometer (Thermo Scientific, United States).
at 600 nm.

Statistical analysis
One-way analysis of variance (ANOVA) followed
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by Tukey’s test was performed using the Statistical
Package for the Social Sciences (SPSS; IBM, United
States). Differences with a p<0.05 were considered
significant. All data are reported as the means of
triplicate measurements * standard deviation (SD).

Results
Total phenolic content, total flavonoid content, and
antioxidant activity

Standard curves for all four assays demonstrated
excellent linearity across the tested concentration
ranges (Figure 1). For the TFC assay, catechin was used
as the reference standard (0.0004-0.0020 mg/mL),
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yielding a linear equation of y=73.217x+0.0007 with an
R® of 0.9967. For the TPC assay, gallic acid served as
the standard (0.0098-1.2500 mg/mL), with a regression
equation of y=2.1717x+0.0466 and an R® of 0.9981. For
the DPPH radical-scavenging assay, Trolox was used
as the reference standard (0.0020-0.0310 mg/mL),
yielding a linear equation of y=1842.8x+18.804 with
an R® of 0.9979. Similarly, the ABTS assay standard
curve using Trolox (0.0020-0.5000 mg/mL) yielded a
regression equation of y=128.92x+5.3052 with an R? of
0.9998. All R? values exceeded 0.99, confirming high
linearity and reliability for each calibration curve across
the measured concentration ranges.

Standard curve of
catechin for TFC assay
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Figure 1. Standard curves for catechin in the TPC assay (A), gallic acid in the TFC assay (B), trolox in the DPPH (C)
and ABTS (D) for radical-scavenging assay. Each data point represents the average of triplicate measurements. Linear
regression equations and coefficients of determination (R>0.99) are shown for each curve.
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TPC and TFC ranked in descending order as JP-
AMA > JAS-AMA > JAS-SYR (Figure 2). Koji fermentation
significantly enhanced both TPC (28.33+0.44x10° mg
GAE/uL) and TFC (63.51+6.80x107 mg CE/uL) in JAS-
AMA compared to JAS-SYR (3.09+0.24x10°mg GAE/uL
and 12.75+1.7x107 mg CE/uL, respectively, p<0.05),
though both remained significantly lower than JP-AMA
(34.6+1.3x10° mg GAE/uL and 128.84+22x107 mg CE/uL,
respectively, p<0.05).
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For antioxidant activity (Figure 3), DPPH scavenging
by JAS-AMA (70.34%0.42%) was significantly higher
than that of JP-AMA (65.71%+1.16%), with both markedly
exceeding JAS-SYR (20.13+2.22%, p<0.05). Conversely,
ABTS scavenging followed the order JP-AMA
(95.42+0.28%) > JAS-SYR (66.05+0.62%) > JAS-AMA
(53.57+0.89%), with all groups significantly different
from each other (p<0.05).
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Figure 2. Total phenolic content (A) and total flavonoid content (B) of non-fermented Thai jasmine rice (JAS-SYR),
Thai jasmine rice amazake (JAS-AMA), and traditional Japanese amazake (JP-AMA). Values are expressed as
meanz=standard deviation (N=3). TPC is expressed as mg gallic acid equivalents (GAE)/uL, and TFC as mg catechin
equivalents (CE)/uL. Values followed by different lowercase letters are significantly different (p<0.05, Tukey’s test).
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Figure 3. Antioxidant activity of non-fermented Thai jasmine rice (JAS-SYR), Thaijasmine rice amazake (JAS-AMA), and
traditional Japanese amazake (JP-AMA) as measured by DPPH (A) and ABTS (B) radical scavenging assays. Values are
expressed as mean=SD (N=3). Antioxidant activity is reported as a percentage inhibition. Values followed by different
lowercase letters are significantly different (p<0.05, Tukey’s test).
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Probiotic growth stimulation and pathogenic growth
inhibition

To evaluate the prebiotic potential of JAS-AMA,
the growth of L. plantarum and E. coli was monitored
over 48 hrs by measuring optical density at 600 nm
(OD600), with the 36-hour time point used for endpoint
comparisons (Figure 4). Four substrate conditions were
testedforeachbacterium: acarbohydrate-free modified

MRS broth as a negative control (LP_wMRS / EC_wMRS),
glucose-supplemented MRS broth as a positive control
(LP_GLU / EC_GLU), isomaltooligosaccharide-supplemented
MRS broth as a prebiotic reference (LP_IMO / EC_IMO),
and Thai jasmine rice amazake extract-supplemented
MRS broth as the test substrate (LP_JAS_AMA/EC_JAS_
AMA).
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Figure 4. Growth of L. plantarum (LP) (A, C) and E. coli (EC) (B, D) in the presence of different amazake substrates. (A, B)
Optical density (OD_ ) measurements over time in media supplemented with wMRS (control), GLU (glucose), IMO
(isomaltooligosaccharide), and JAS-AMA (Thai jasmine rice amazake). The dashed vertical line at 36 hrs indicates the

time point used for endpoint comparisons with mean OD

+SD at 36 hrs. (N=3) below figure (C, D). Values followed

by different lowercase letters are significantly different (p<0.05, Tukey’s test).

For L. plantarum, maximum ODG600 differed
significantly among substrate groups (p<0.05). LP_JAS_
AMA (2.0025+0.10)and LP_GLU(1.8050+0.1882) achieved
comparable maximum growth and were not significantly
different from each other (both group b), while LP_IMO
(1.4213+0.0925, group c) and LP_wMRS (0.9388+
0.1069, group a) showed progressively lower growth.
The finding that LP_JAS_AMA supported L. plantarum
growth at least as effectively as glucose, and markedly
better than IMO alone, suggests a notable prebiotic
effect of JAS-AMA on this probiotic strain.

In contrast, no significant differences in maximum
OD600 were observed among E. coli groups (p>0.05),
with all groups sharing the same statistical label (group
A) and values ranging from EC_IMO (1.9750+0.1697)
to EC_GLU (2.5667+0.5217). The inability of JAS-AMA
to selectively suppress E. coli growth under the tested
conditions suggests that the antipathogenic potential
of JAS-AMA may not act through direct carbohydrate-

mediated growth inhibition; further investigation into
other inhibitory mechanisms, such as antimicrobial
metabolites produced during koji fermentation, is
warranted.

Discussion

Fermentation by A. oryzae releases carbohydrate-
degrading enzymes, including a-amylase, xylanase,
and glucosidase, that break the cross-links of bound
phenolic compounds. Rather than fermentation
temperature, which alighs with the optimal activity
range (~50 °C) of key Aspergillus enzymes,'®?° the
composition of the rice cell wall likely governs the
concentration and types of phenolics released,
explaining the observed varietal differences in TPC and
TFC between JAS-AMA and JP-AMA.2!

Antioxidant capacity generally showed a positive
association with phenolic content, consistent with
previous reports.?>2> However, JAS-AMA exhibited
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higher DPPH scavenging activity than JP-AMA despite
lower TPC, suggesting additional contributions from
fermentation-derived compounds such as gamma-
oryzanols, tocopherols, and tocotrienols.?*? The
DPPH and ABTS assays differ in their sensitivity to
antioxidants. The DPPH primarily reflects hydrophobic
activity, whereas ABTS captures both hydrophilic and
lipophilic antioxidants.?® This distinction is relevant to
interpreting the unexpectedly elevated ABTS activity
in JAS-SYR, which likely reflects uncharacterized
antioxidant constituents in the added syrup rather
than phenolic or flavonoid content, representing a key
limitation of this study.

Beyond antioxidant activity, phenolic compounds
and fermentation-derived oligosaccharides, including
isomaltooligosaccharides (IMO), cellobiose, and
mannobiose, have been proposed as prebiotic
substrates that selectively stimulate beneficial gut
bacteria, such as Lactobacillus spp., thereby conferring
health benefits on the host.?28 In the present study,
JAS-AMA supported L. plantarum growth to levels
comparable to those with glucose and significantly
greater than those with IMO alone, suggesting a
synergistic prebiotic effect from the combined
presence of fermentation-derived oligosaccharides
and phenolic compounds. Mechanistically, prebiotic
fermentation promotes the production of short-chain
fatty acids (SCFAs), including butyrate and propionate,
which lower colonic pH and exert anti-inflammatory
effects.?

No significant inhibition of E. coli growth was
observed under any substrate condition (p>0.05),
suggesting that the antipathogenic potential of JAS-
AMA does not operate through carbohydrate-mediated
growth restriction alone. Antimicrobial effects are more
likely attributable to secondary metabolites produced
during koji fermentation, as metabolic profiling of
A. oryzae has identified coumarins, fatty acids,
and quinone compounds with documented activity
against E. coli.®***" Whether these compounds reach
effective concentrations in JAS-AMA warrants further
investigation.

Limitations

Several limitations should be acknowledged in
this study. Firstly, the chemical composition of the
sucrose syrup used in JAS-SYR preparation was not
characterized, which prevents a full interpretation of
the unexpectedly elevated ABTS radical-scavenging
activity observed in that sample, as unquantified
antioxidant constituents in the syrup may have
independently contributed to this response. Secondly,
the study encompassed only three sample types and
did not involve in-depth characterization, limiting the
generalizability of the findings across a wider range
of rice varieties and fermentation conditions. Thirdly,
the DPPH assay, being conducted primarily in organic
solvents, may have underrepresented the contribution
of hydrophilic antioxidants, and the specific enzymatic

mechanisms and fermentation parameters responsible
for the observed differences between JP-AMA and
JAS-AMA were not systematically investigated. Lastly,
the prebiotic assessment was conducted exclusively
in vitro, and the observed growth stimulation of
L. plantarum and the lack of significant inhibition of
E. coli under these conditions may not fully reflect
the complex ecological interactions that occur within
the human gastrointestinal tract, where additional
host-derived and microbial factors may modulate the
antipathogenic response. These limitations should
be considered when interpreting the findings of the
present study and highlighting important directions for
future research.

Conclusion

In conclusion, this study provides new evidence
supporting Thai jasmine rice-based amazake as a
novel functional beverage with combined antioxidant
and prebiotic properties. To our knowledge, this work
demonstrates that koji fermentation of Thai jasmine
rice significantly increases phenolic and flavonoid
contents, thereby enhancing antioxidant capacity.
The observed promotion of L. plantarum growth,
comparable to that of glucose and superior to IMO
alone, highlights the prebiotic potential of jasmine
rice amazake in selectively stimulating beneficial gut
bacteria. Although significant inhibition of Escherichia
coliwas not demonstrated under the in vitro conditions
tested, the antipathogenic potential of JAS-AMA
warrants further investigation, particularly regarding
fermentation-derived antimicrobial metabolites such
as coumarins, fatty acids, and quinones.

These findings extend current knowledge beyond
traditionally studied Japanese rice-based amazake and
establish Thai jasmine rice as a promising alternative
substrate for prebiotic beverage development.

Furthermore, the results suggest that varietal
diversity within A. oryza, including white and pigmented
jasmine rice varieties, may differentially influence
fermentation outcomes and bioactive compound
profiles. This opens new avenues for targeted
fermentation strategies to maximize health benefits.
Future clinical validation is warranted to confirm the
impacts on gut health, immune modulation, and
overall well-being, thereby supporting the translation of
jasmine rice amazake into evidence-based functional
food applications.
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