
                        TRENDS IN SCIENCES 2026; 23(7): 12834 

https://doi.org/10.48048/tis.2026.12834                         RESEARCH ARTICLE 

Antioxidant Properties of Oryza sativa var. Luem Pua Rice Wine in Alcoholic 

and Dealcoholized Forms: In HepG2 Cell Studies with Identification of Health-

Beneficial Probiotics 

 

Supawadee Srisuwan1, Warachin Gangnonngiw2,3, Benjamart Pratoomthai1,  

Direk Aekthammarat1, Surachai Ngamratanapaiboon1 and Sirilug Magerd1,* 

 

1Department of Basic Medical Science, Faculty of Medicine Vajira Hospital, Navamindradhiraj University, 

Bangkok 10300, Thailand 

2National Center for Genetic Engineering and Biotechnology (BIOTEC),  

National Science and Technology Development Agency, Klong Luang, Pathum Thani 12120, Thailand 

3Centex Shrimp, Faculty of Science, Mahidol University, Bangkok 10400, Thailand 

 

(*Corresponding author’s e-mail: sirilug@nmu.ac.th)  

 

Received: 28 November 2025,   Revised: 16 December 2025,   Accepted: 23 December 2025,   Published: 10 March 2026 

 

Abstract 

 Luem Pua black glutinous rice (Oryza sativa L. var. Luem Pua), rich in anthocyanins and phenolics with antioxidant 

properties. Fermented plant-based beverages contain these compounds and may support probiotic growth. This study 

investigates Luem Pua rice wine in alcoholic (LPW) and dealcoholized (DLPW) forms over 0-28 days of fermentation, 

analyzing antioxidants, phenolic/anthocyanin content, cytotoxicity, ROS reduction, and probiotic growth. Phenolic 

content peaked at 3 days, slightly decreasing later, with DLPW showing higher levels than LPW. DLPW3 and LPW7 had 

the highest anthocyanins, strong DPPH scavenging, and FRAP values. Cytotoxicity tests showed DLPW3 (20 %v/v) was 

non-toxic to HepG2 cells, while LPW7 (2.13% ethanol) reduced viability at 48 h. Both, with 0.5 - 1.5 µg/mL 

anthocyanins, reduced ROS, with higher concentrations more effective. Lactobacillus buchneri, Pediococcus acidilactici, 

and Lactobacillus fermentum were identified, with higher counts in LPW7. Despite alcohol removal, DLPW3 retained 

strong bioactivity, highlighting its potential as a nutraceutical, alcohol-free alternative. 

 

Keywords: Luem Pua rice, Wine, Dealcoholized wine, Antioxidant activity, Probiotic microorganisms, Functional 

beverage, Nutraceutical  

 

Introduction  

 Luem Pua black glutinous rice (Oryza sativa L. 

var. Luem Pua), developed as a pure breed by the 

Phitsanulok Rice Research Center, is a Thai rice variety 

rich in anthocyanins, which give it its distinctive dark 

purple or black color. The major anthocyanins include 

cyanidin-3-glucoside (2,359.93 mg/kg) and peonidin-3-

glucoside (324.37 mg/kg), contributing to its potent 

antioxidant activity. Other antioxidants like catechin, 

rutin, and tannic acid have also been identified [1]. 

Previous studies have demonstrated its potential health 

benefits, such as free radical scavenging in the SK-N-

SH neuroblastoma cell line, memory enhancement in  

 

animal models [2], and improved gut transit time with 

Luem Pua rice tea consumption [3]. Additionally, 

roasted Luem Pua rice was found to support the growth 

of the probiotic Lactobacillus amylovorus, beneficial for 

gut health [4]. 

 Fermented beverages, produced by yeast-driven 

sugar-to-alcohol conversion, date back to 6,000 BCE in 

Mesopotamia. Today, many countries leverage local 

agricultural products for producing these beverages [5]. 

Moderate consumption of fermented drinks, such as 

beer and wine, has been associated with reduced risks of 

cardiovascular disease, cancer prevention, improved 
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bone density, obesity management, and type 2 diabetes 

[6-9]. These effects are attributed to bioactive 

compounds like phenolic acids, polyphenols, and 

probiotics (Lactobacillus, Pediococcus, and 

Oenococcus oeni) present in fermented beverages [7,8]. 

Currently, dealcoholized wines, defined by the U.S. 

Food and Drug Administration (FDA) as non-alcoholic 

beverages containing less than 0.5% alcohol by volume 

(ABV) [10], have emerged as a promising alternative for 

reducing alcohol consumption and serving individuals 

unable to consume alcohol.  

 From the aforementioned research report, the 

Luem Pua black glutinous rice variety exhibits 

significant bioactive properties influenced by its 

processing methods. This study aims to investigate the 

properties of wine produced from this rice, both in 

alcoholic and dealcoholized forms, by analyzing 

phenolic compounds, antioxidant activity, and its effect 

on probiotic growth. These findings could provide a 

foundation for developing healthier alternatives to 

traditional beverages while leveraging the nutritional 

potential of LP rice.  

 

Materials and methods  

 Preparation of Luem Pua rice Wine (LPW)  

 The unpolished sticky Thai rice strain of Luem 

Pua (LP rice) was purchased from a local farm located 

in Phitsanulok province, Thailand. 6 kg of LP rice was 

steamed until cooked and left to cool before being mixed 

well with 85 g of traditional starter culture called 

“lookpang”, a mixture of starch, yeast 

(Zygosaccharomyces sp), and mold (Rhizopus oryzae). 

The streamed rice was divided into 6 equal parts, then 

put in 6 plastic fermentation tanks, and 500 mL of 

distilled water was added to each tank. Each tank was 

fermented for different durations including 1 h (day 0), 

3, 7, 14, 21, and 28 days, at room temperature (25 ± 1 

°C), and in the absence of light. Samples were collected 

from each tank at the end of the fermentation period and 

stored at a temperature of 2 - 4 °C for one week to inhibit 

activity and precipitate out the yeast. Each of the wine 

samples was then carefully extracted to avoid disturbing 

the settled yeast and stored at 2 - 4 °C for further 

experimentation. 

 

 

 Preparation of Dealcoholized LP rice Wines 

(DLPW) 

 50% of each wine sample (except day 0) was 

subjected to dealcoholization using a rotary evaporator 

(Laborota 4003, Heidolph, Schwabach, Germany) to 

obtain a final alcohol content below 0.5% ABV. Each 

sample was transferred into a 1-L round-bottom flask 

and heated in a water bath maintained at 45 - 50 °C, 

under continuous rotation at 130 rpm. Vacuum was 

applied to achieve a reduced pressure of 60 - 100 mBar. 

Distillation was carried out for 90 min. Sterile distilled 

water was added to each sample to restore the original 

volume. The dealcoholized samples were then cooled to 

room temperature, and stored at 4 °C until further 

analysis. 

 

 Measurement of ethanol, sugar, and pH of 

wines 

 All wine samples, both LPW and DLPW, were 

analyzed for ethanol content using Gas Chromatography 

(GC) technique. Injection volume was 1 µL, the 

injection and detector temperatures were 250 and 280 

°C, respectively. Helium was used as carrier gas at a 

pressure of 150 kPa. The oven temperature was from 50 

- 200 °C (10 °C /min). The Sucrose/D-Fructose/D-

Glucose test kit (K-SUFRG, Megazyme) was used for 

the measurement and analysis of sucrose, D-glucose and 

D-fructose in wines. The sugar content was calculated 

using the Mega-Calc™ software, supported by the 

Megazyme company. The monitoring of pH values of 

wines was performed with pH meter (Mettler Toledo 

FEP20 FiveEasyTM Plus Laboratory Benchtop pH 

Meter). 

 

 Measurement of total phenolic content and 

total monomeric anthocyanin content 

 For measuring total phenolic content, 20 µL of 

each wine was mixed with 100 µL Folin-Ciocalteu 

reagent, and 80 µL of 7.5 %(w/v) Na2CO3 was added. 

The mixture was stirred and allowed to react for 30 min. 

Absorbance was then measured using a 

spectrophotometer at a wavelength of 765 nm, and the 

resulting values were compared the Gallic acid standard 

[11].  

 The total monomeric anthocyanin content was 

determined by using the pH differential technique. This 

was adapted from the AOAC official method (2005) 
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[12]. 50 µL of wine was diluted with 200 µL of 

potassium chloride buffer (pH 1.0), and sodium acetate 

buffer (pH 4.5). The absorbance at wavelengths of 520 

and 700 nm was measured to calculate the total 

monomeric anthocyanin content. 

 

 In vitro antioxidant activities of wines 

 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay 

 Each sample was prepared by performing a two-

fold serial dilution with 95% ethanol in a 96-well plate. 

20 µL of each sample was mixed with 190 µL of 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) solution (2 µg/mL) 

and incubated at room temperature in the dark for 30 

min. Ascorbic acid (0 - 1 mg/mL) served as the positive 

control, while ethanol was used as the blank control. 

After incubation, absorbance was measured at 517 nm 

using a spectrophotometer. The percentage of 

scavenging was calculated and used to generate a four-

parameter non-linear regression for IC50 determination. 

All experiments were conducted in triplicate [13,14]. 

 

 Ferric Reducing Antioxidant Power (FRAP) 

assay  

 The Fe3+ reduction capacity of each sample was 

evaluated using a modified FRAP assay, with ascorbic 

acid as an antioxidant control agent. Each extract was 

prepared in serial dilutions and loaded into a 96-well 

plate. For each sample, 10 µL of the diluted extract was 

mixed with 25 µL of phosphate buffer (pH 6.0) and 25 

µL of 1% potassium ferricyanide solution. After 

incubation at 50 °C for 30 min, 10 µL of 10% TCA was 

added to halt the reaction, followed by centrifugation to 

remove precipitates. Next, 25 µL of distilled water and 

10 µL of 0.1% FeCl3 solution were added to each well. 

Absorbance was measured at 700 nm using a microplate 

reader. Ascorbic acid was used as a positive control to 

gauge antioxidant activity, and IC50 values were 

calculated from non-linear regression analysis of % 

scavenging [14]. 

 

 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic 

acid) (ABTS) assay 

 To prepare the ABTS radical cation solution, 7 

mM ABTS was mixed with 2.45 mM potassium 

persulfate in deionized water and incubated in the dark 

at 25 °C for 12 - 16 h. The resulting solution was diluted 

1:10 (v/v) with deionized water and then mixed with the 

sample. Absorbance was measured at 734 nm, and the 

% scavenging activity was calculated relative to the 

control and expressed as IC50 values. All experiments 

were conducted in triplicate [13]. 

 

 Effect of wines on HepG2 cells viability using 3-

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay 

 The highest antioxidant properties from both the 

LPW and DLPW groups, based on in vitro experiments, 

were selected to determine their cytotoxic effects on 

HepG2, a hepatocellular carcinoma cell line, as the liver 

is the primary organ for alcohol metabolism and is 

highly susceptible to damage caused by chronic alcohol 

consumption. The cell viability was examined using the 

MTT assay. HepG2 cells (ATCC HB-8065), were 

seeded in a 96-well plate (1×104 cells/well) and cultured 

in 10% of fetal bovine serum (FBS), 1% antibiotic in 

Dulbecco’s Modified Eagle Medium (DMEM) for 24 h. 

Then HepG2 cells were treated with LPW or DLPW (0 

- 20 %v/v, final conc.), filtered through a 0.45 µm filter 

paper, compared with ethanol (0 - 10 %v/v, final conc.), 

as a negative control, for 24 and 48 h. Following 

treatment, the culture media was removed from all 

samples and the plate was incubated with MTT solution 

(0.5 mg/mL in PBS) for 3 h at 37 °C. After discarding 

the supernatant, the formazan product was dissolved in 

DMSO, and the color intensity was measured at 570 nm 

using a microplate reader (TECAN, Männedorf, 

Switzerland) following a 15 min incubation at 37 °C. 

The non-cytotoxic concentrations of LPW and DLPW 

were then selected to evaluate their ability to reduce 

reactive oxygen species (ROS) generation in HepG2 

cells. 

 

 Reducing ROS production effect of wines in 

HepG2 cells 

 HepG2 cells were seeded in a 96-well black plate 

(1×104 cells/well) and cultured in 180 µL DMEM and 

incubated at 37 °C equilibrated with 95% air and 5% 

CO2 overnight. The cells were incubated with either 20 

µL LPW or DLPW at three different anthocyanin 

concentrations, with final concentration of ethanol 

which did not induce cell death as determined by the 

MTT assay, for 24 h. 100 µL DCFHDA (2’,7’-

dichlorodihydrofluorescein diacetate) assay working 

solution (ROS Assay Kit-Highly Sensitive DCFHDA-
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R252) was added and incubated for 30 min. The media 

in each well was removed, then 100 µL of DMEM 

(without serum and antibiotic) was added. The 

fluorescence intensity of DCF was quantified by iD3 

Microplate Reader (SpectraMax®) at 485 nm excitation 

and 530 nm emission wavelengths. 

 

 Measurement of probiotics in wines 

 This analysis aimed to determine both the total 

lactic acid bacterial (LAB) count and the probiotic 

species present in the LPW7 and DLPW3 samples. Total 

LAB were quantified using the standard method of 

culturing on MRS agar supplemented with CaCO₃, 

which allows visualization and quantification of acid-

producing colonies. Presumptive LAB isolates were 

then subjected to phenotypic identification using the 

API identification system. All procedures were 

conducted by the Biodiversity Research Centre, 

Thailand Institute of Scientific and Technological 

Research (TISTR). 

 

 Statistical analysis 

 All results are presented as mean ± SD. Statistical 

comparison between control and treatment groups were 

analyzed with one-way analysis of variance (ANOVA) 

followed by post-hoc Tukey’s test. All statistical 

analysis was performed using GraphPad Prism 10 

software. Results were considered to be statistically 

significant at p-value < 0.05.  

Results and discussion  

 Measurement of ethanol, sugar, and pH of 

wines 

 The LP rice wine preparations at different 

fermentation durations resulted in varying ethanol 

content (Figure 1(A)). The experiment shows that after 

1 h (day 0) of fermentation, the ethanol content was 

0.01%, as the process of converting starch to sugar 

precedes the conversion of sugar to ethanol during 

fermentation by yeast. Therefore, only sugar and no 

ethanol are detected in the first hour of fermentation. 

Ethanol levels gradually increase after 3 (9.41 ± 0.25), 7 

(10.67 ± 0.15), and 14 (11.69 ± 0.07) days of 

fermentation, then stabilize by day 21 (11.65 ± 0.16) 

then slightly decrease by day 28 (11.20 ± 0.13). This 

correlates with a significant reduction in sugar levels on 

days 21 and 28 of fermentation (Figure 1(B)). 

 The wine samples that underwent alcohol removal 

had an ethanol content of less than 0.025%, which aligns 

with the U.S. Food and Drug Administration (FDA) 

(2005) definition of a non-alcoholic beverage, requiring 

less than 0.5% alcohol by volume (ABV). It was 

observed that the reduction in ethanol content did not 

affect sugar levels, as the sugar content in the DLPW 

group was no different from the LPW group fermented 

for the same duration (Figure 1(B)). The pH levels of 

all wines were slightly acidic and showed no other 

significant differences.

 

 

Figure 1 The profiles of Leum Pua rice wines, both alcoholic (LPW) and dealcoholized (DLPW) forms, with different 

fermentation durations. (A) Ethanol content in wines, (B) Sugar content in wines, and (C) pH levels of wines. Data are 

expressed as the mean ± SD. The letters above each column indicate the significant difference compared to LPW0 (a); 

LPW3 (b); LPW7 (c); LPW14 (d); LPW21 (e). 

 

 Total phenolic and total monomeric 

anthocyanin content 

 The total phenolic and total monomeric 

anthocyanin contents in rice wine fermented for 3, 7, 14, 

21, and 28 days were significantly higher than those in 

wine fermented for only 1 h (Figure 2). The phenolic 

content of LPW3 was the highest, gradually decreasing 

in wines fermented for 7, 14, 21, and 28 days. For 
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DLPW, the total phenolic content was slightly higher 

than LPW fermented for the same duration but was 

significantly higher in wines fermented for 3, 21, and 28 

days (Figure 2(A)). Regarding total monomeric 

anthocyanin (Figure 2(B)), the highest levels were 

observed in LPW7, which decreased gradually in wines 

fermented for 14, 21, and 28 days. Interestingly, the total 

monomeric anthocyanin in DLPW3 was higher than 

LPW3, while dealcoholized wines had lower total 

monomeric anthocyanin levels compared to alcoholic 

wines fermented for the same duration. The 

experimental results were aligned with previous 

findings in grape wine studies, where phenolic and 

anthocyanin extraction was highest during early 

maceration (6 - 10 days), Subsequently, the levels of 

total phenolic and total anthocyanin gradually decreased 

[15,16]. Specifically, anthocyanins have been reported 

to undergo a wide variety of reactions and associations 

during fermentation due to the presence of ethanol in the 

wine, which induces monomeric anthocyanins to 

transform and form various anthocyanin-derived, stable 

compounds like pyranoanthocyanins and polymeric 

anthocyanins [17], which could not be investigated by 

the pH differential technique. In the sample of the wine 

fermented for 3 days, DLPW3 showed a significantly 

higher monomeric anthocyanin content compared to 

LPW3. We hypothesize that during the early stages of 

wine fermentation, there were still sufficient 

anthocyanins present on the rice grains which could 

continuously dissolve into the wine. Furthermore, the 

ethanol produced at this stage (9.41 %v/v) was not yet 

at a very high concentration before it was removed, 

resulting in a limited capacity to facilitate the essential 

polymerization and condensation reactions required for 

the conversion of monomeric anthocyanins into 

polymeric anthocyanins. 

 However, the observed decrease in total 

monomeric anthocyanin in DLPW7-28 suggests a 

different degradation mechanism. While reports exist on 

the thermal lability of anthocyanins, the 

dealcoholization process in this study utilized a 

comparatively mild temperature range of 45 - 50 °C for 

90 min. This temperature is significantly below the 

typical range reported to induce substantial anthocyanin 

degradation, which is often cited as 80 - 180 °C [18]. 

Furthermore, this conclusion is supported by the data 

from the DLPW3 sample, which underwent the identical 

temperature and time conditions for alcohol removal as 

DLPW7-28 yet showed no reduction in total monomeric 

anthocyanin content. Therefore, the observed decrease 

in total monomeric anthocyanin in DLPW7-28 is highly 

likely attributed to the loss of ethanol. Specifically, the 

depletion of the ethanol matrix may reduce the stability 

of anthocyanins, potentially leading to their increased 

oxidation or hydrolytic degradation [19]. Additionally, 

a minor fraction of the anthocyanins may have been 

physically volatilized and removed alongside the 

alcohol during the dealcoholization process.

 

 

Figure 2 (A) Total phenolic content of wine fermented for different durations, and (B) Total monomeric anthocyanin 

content of wine fermented for different durations. Data is expressed as the mean ± SD. The letters above each column 

indicate the significant difference compared to LPW0 (a); LPW3 (b); LPW7 (c); LPW14 (d); LPW21 (e); and (f) indicates 

a significant difference compared to LPW fermented for the same duration. 

 

 In vitro antioxidant activities of wines 

 The antioxidant properties of the wines were 

analyzed using DPPH, FRAP, and ABTS methods in 

vitro. It was found that the lowest concentration of wine 

that could scavenge 50% (IC50) of DPPH radicals was 

observed in LPW7 (9,087 ± 3,328 ppm) and LPW14 
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(9,087 ± 3,328 ppm), while in the dealcoholized wine 

group, the concentrations were DLPW7 (18,943 ± 841 

ppm) and DLPW3 (21,644 ± 772 ppm) (Figure 3(A)). 

However, these concentrations are still considered high 

compared to the standard, Vitamin C, which scavenged 

50% of DPPH radicals at a concentration of 181.10 ± 

7.92 ppm (data did not show). Antioxidant activity 

analyzed using the FRAP method showed that LPW7 

had the highest FRAP scavenging capacity with an IC50 

value of 51,473 ± 5,628 ppm. In the dealcoholized wine 

group, DLPW21 and DLPW3 exhibited the best 

antioxidant activity, as indicated by IC50 values of 

60,985 ± 10,117 ppm and 66,958 ± 7,409 ppm, 

respectively (Figure 3(B)). Testing with the ABTS 

method revealed that all wine groups exhibited strong 

antioxidant properties, with significantly lower IC50 

values compared to LPW0 (Figure 3(C)). LPW7 and 

DLPW3 exhibited the highest monomeric anthocyanin 

content, demonstrating outstanding antioxidant 

properties based on DPPH and FRAP assays. This aligns 

with previous studies reporting that monomeric 

anthocyanins play a major role in the antioxidant 

activity of various plants [20]. However, other wine 

conditions, such as LPW14, also demonstrated 

significant DPPH scavenging and FRAP reducing 

potential. This may be attributed to polymeric 

compounds formed during the wine fermentation 

process, which compensated for the loss of antioxidant 

capacity due to the degradation of monomeric 

anthocyanins [21]. Based on the results of total phenolic 

and total anthocyanin content combined with the 

antioxidant activities in vitro, LPW7 and DLPW3 were 

selected for further testing of cytotoxicity and 

antioxidant effects in HepG2 liver cell cultures.

 

 

Figure 3 The antioxidant properties of the wines in vitro were analyzed using (A) DPPH, (B) FRAP, and (C) ABTS 

methods. Data are expressed as the mean ± SD. The letters above each column indicate the significant difference compared 

to LPW0 (a); LPW3 (b); LPW7 (c); LPW14 (d); LPW21 (e); and (f) indicates a significant difference compared to LPW 

fermented for the same duration. 

 

 Effect of wines on HepG2 cells viability using 

MTT assay 

 Cytotoxicity testing of LP rice wine on HepG2 

cells was performed using the MTT assay technique, 

compared to ethanol standard concentrations ranging 

from 0 - 10 %v/v, which was equivalent to 0 - 10 %eth 

v/v. The MTT assay revealed that ethanol standards at 

low concentrations 0.14 - 0.25 %v/v induced cell 

proliferation when treated for 24 and 48 h. However, 

high ethanol concentrations led to a reduction in cell 

numbers, that HepG2 cells treated for 48 h with ethanol 

at concentrations of 5% and 10% showed cell survival 

rates of only 30.01% and 3.86%, respectively (Figure 

4(A)). The effects of DLPW3 and LPW7 on cell 

viability followed the same trend. HepG2 cells treated 

with LPW7 for 24 h at low concentrations of 0.4, 4, and 

6 %v/v (equivalent to ethanol concentrations of 0.04, 

0.43, and 0.64 %eth v/v, respectively) did not result in a 

reduction in cell number. Instead, there was a significant 

increase in cell proliferation compared to untreated 

cells. However, for high concentrations of the LPW7 8, 

12, and 20 %v/v (equivalent to ethanol concentrations of 

0.85, 1.28, and 2.13 %eth v/v, respectively), there was a 

tendency to induce a reduction in cell number, but no 

significant difference was observed compared to 

untreated cells. In contrast, HepG2 cells treated for 48 h 

showed cell viability decreasing by up to 50.75% at a 

concentration of 20 %v/v (2.13 %eth v/v) (Figure 4(B)). 

It is noteworthy that the LPW7 sample, with an ethanol 

concentration of 2.13%, induced a greater reduction in 

cell viability than the 2.5% ethanol standard, as assessed 

by the MTT assay. This observation suggests that the 

ethanol concentration in LPW7 was likely too low to be 

the sole primary cause of the observed cytotoxicity. The 
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results indicate that ethanol in LPW7 is not the only 

factor responsible for the decreased percentage of 

HepG2 cell viability; rather, other components such as 

anthocyanins, phenolic compounds, and other bioactive 

substances also contribute to this reduction. This 

conclusion is further supported by comparison of LPW7 

with the dealcoholized sample (DLPW3). DLPW3, 

which contained anthocyanins, phenolic compounds, 

and other bioactive substances (identical to LPW7 in all 

respects except for the presence of ethanol), showed no 

significant reduction in cell viability. Therefore, the 

marked reduction in cell viability induced by LPW7 is 

hypothesized to result from a synergistic interaction 

between the various bioactive components and the 

ethanol present in the wine. An interesting report 

suggests that exposure to non-lethal or moderate 

concentrations of ethanol can alter the structure of the 

cell membrane. Ethanol is known to disrupt hydrogen 

bonds that normally maintain the ordered arrangement 

of fatty acid molecules in the membrane. When these 

bonds are disrupted, membrane order decreases and 

permeability increases [22,23]. This increased 

permeability could potentially facilitate the entry of 

bioactive compounds, such as anthocyanins and 

phenolics, into the cell, thereby enhancing their 

combined effects and leading to a pronounced reduction 

in HepG2 cell viability 

 Cytotoxicity testing of DLPW3, for HepG2 cells 

treated with DLPW3 for 24 h at concentrations of 2 - 12 

%v/v (equivalent to ethanol concentrations of 0.002 - 

0.012 %eth v/v), showed cell proliferation significantly 

increasing compared to untreated cells. However, cell 

numbers decreased at the higher concentration of 20 

%v/v (0.02 %eth v/v). HepG2 cells treated with DLPW3 

for 48 h did not experience cell death even at the highest 

concentration of 20 %v/v (0.012 %eth v/v). It has been 

previously reported that HepG2 cells treated with 

ethanol at concentrations of 10 - 30 mM (which is 

comparable to ethanol 0.14 - 0.28%, LPW7 0.4 - 4 %v/v, 

and all concentrations of DLPW3 used in this study) for 

24 h, induced an increase in cell viability by activating 

the ERK-p90rsk pathway. This leads to an increase in 

cell cycle progression and a decrease in apoptosis, 

processes that have been reported to be associated with 

cancer progression in various types of cells [24-26]. 

However, it has been reported that the signal strength of 

the MTT assay is influenced by both cellular viability 

and metabolic activity of cells. Therefore, the observed 

increase in MTT activity at low concentrations might 

primarily be due to enhanced cellular metabolic activity 

rather than a true increase in cell count, consistent with 

reports that alcohol concentrations below 1% can 

increase cellular MTT activity [27]. However, it has also 

been reported that ethanol concentrations of 10 - 30 mM 

have no effect on increasing ERK activity in normal 

liver cells [28].

 

 

Figure 4 Cytotoxicity testing of LP rice wine on HepG2 cells assessed by the MTT assay. (A) Effects of ethanol on 

HepG2 cells. (B) Effects of LPW7 and DLPW3 on HepG2 cells. Data is expressed as the mean ± SD. Significant 

differences compared to the control (0% concentration) are indicated as follows: (a) LPW7 (24 h); (b) DLPW3 (24 h); (c) 

LPW7 (48 h); (d) DLPW3 (48 h). 
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 Reducing ROS production effect of wines in 

HepG2 cells 

 From the cytotoxicity tests on HepG2 cells with 

LPW7 and DLPW3, it was found that concentrations 

below 6 %v/v (0.64 %eth v/v of LPW7) did not cause 

cell death, regardless of whether the treatment duration 

was 24 or 48 h. The anthocyanin analysis, it was found 

that LPW7 contained 15.5 µg/mL of anthocyanins, 

while DLPW3 contained 15.7 µg/mL. Therefore, for 

testing the ROS-reducing effect in HepG2 cells, wine 

anthocyanin concentrations of 0.5, 1.0, and 1.5 µg/mL 

(corresponding to final ethanol concentrations of 2 - 6 

%v/v) were selected. The ROS levels were measured 

using the DCFDA assay, a technique that detects 

intracellular ROS by measuring the fluorescence 

emitted after DCFDA is oxidized by ROS into a highly 

fluorescent compound, dichlorofluorescein (DCF). The 

experimental results were expressed as percentages 

relative to the untreated control group (normalized to 

100%). The results showed that all concentrations of 

both types of wine significantly reduced ROS in HepG2 

cells compared to the untreated control group, with a 

trend of greater ROS reduction at higher wine 

concentrations. Additionally, no significant differences 

were observed in ROS reduction between LPW7 and 

DLPW3 at the same concentrations (Figure 5). In this 

study, we observed that untreated HepG2 cells exhibited 

very high ROS production. This could be characteristic 

of cancer cells, as it has been reported that elevated 

levels of ROS are a hallmark of cancer. Cancer cells 

inherently have increased ROS levels due to various 

factors, including genetic aberrations, rapid 

proliferation and altered cellular metabolism [29-31]. 

Polyphenols are widely recognized for their ability to 

protect cells from oxidative stress, attributed to their 

antioxidant and radical-scavenging properties, and are 

linked to numerous health benefits. The diverse 

biological activities of polyphenol-rich wine and wine-

derived products have been extensively studied, 

including their antioxidant, antiproliferative, and anti-

inflammatory effects [32-35]. Furthermore, 

phytochemicals in red wine have been reported to act as 

protective agents against alcohol-induced damage in 

HepG2 cells and the human astrocytoma cell line 

1321N1, supporting the recommendation of moderate 

alcohol or red wine consumption [36].

 

 

Figure 5 The effect of LPW7 and DLPW3 to reduce ROS in HepG2 cells. Data are expressed as the mean ± SD. a 

Indicates a significant difference compared to control group. 

 

 Probiotics in Luem Pua rice wine 

 The results showed the presence of Lactobacillus 

buchneri (84.5% identification) and Pediococcus 

acidilactici (99.1% identification) in LPW7, with a total 

lactic acid bacteria (LAB) count of 7.00×10³ CFU/mL. 

In DLPW3, Lactobacillus buchneri (86.8% 

identification) and Lactobacillus fermentum (99.1% 

identification) were detected, with a total LAB count of 

33 CFU/mL. These findings suggest that fermented rice 

wine may serve as a promising source of LAB with 

potential probiotic properties. The lower count of 

probiotics in DLPW3 may result from the process of 

ethanol removal using a rotary evaporator. This method 

involves reducing pressure and applying heat at 40 - 50 

°C for 90 min, which could potentially lead to bacterial 

death. The detection of lactic acid bacteria in non-dairy 

fermented beverages, including wine, aligns with 

previous studies that identified various lactic acid 

bacteria strains from red wine, confirming their 

probiotic potential [8,37]. Furthermore, occasional 
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consumption of fermented beverages such as wine, beer, 

cider, and kombucha has been shown to positively 

influence gut microbiome diversity [37,38]. The 

diversity of LAB identified in Luem Pua rice wine 

suggests a strong potential for promoting gut health, 

comparable to benefits observed in fermented dairy 

products and other beverages. This diversity includes 

three species with well-established probiotic functions. 

L. buchneri demonstrates high acid and bile tolerance, 

significant antimicrobial activity, and notable 

cholesterol-lowering, neuroprotective, and antioxidant 

effects [39,40]. Likewise, P. acidilactici is recognized 

as a promising next-generation probiotic due to its 

strong gastrointestinal resilience, antimicrobial 

properties, and proven ability to reduce toxic heavy 

metals in the human bloodstream. Furthermore, it has 

been reported to enhance reproductive performance and 

offspring quality in male Atlantic salmon, evidenced by 

increased gonad weight and sperm concentration  

[41-43]. L. fermentum is also a beneficial probiotic 

known for enhancing the immune response and 

preventing gastrointestinal and respiratory infections. It 

produces potent antimicrobial peptides suitable for use 

as food preservatives or antibiotic alternatives, and 

exhibits key health functions such as cholesterol-

lowering capacity and potential roles in preventing 

alcoholic liver disease and colorectal cancer [44]. The 

consistent presence of L. buchneri in both LPW7 and 

DLPW3 further highlights its potential as a valuable and 

reliable probiotic source. 

 

Conclusions  

 This study examined the antioxidant and probiotic 

properties of Luem Pua rice wine (LPW) in both its 

alcoholic and dealcoholized forms (DLPW). It was 

found that wine fermented for three days (DLPW3) 

exhibited the highest phenolic content, while wine 

fermented for seven days (LPW7) had the highest 

monomeric anthocyanin content. The dealcoholization 

process effectively preserved bioactive properties. Both 

LPW and DLPW demonstrated excellent antioxidant 

activity by reducing ROS in HepG2 liver cells without 

causing cytotoxicity at moderate concentrations. 

Additionally, probiotics such as L. buchneri, L. 

fermentum and P. acidilactici were identified, 

highlighting the wine’s potential to promote gut health. 

In conclusion, both alcoholic and dealcoholized forms 

of Luem Pua rice wine offer substantial health benefits 

through their antioxidant and probiotic properties. The 

presence of these beneficial compounds and 

microorganisms indicates that Luem Pua rice wine 

possesses strong characteristics for development as a 

functional beverage. Notably, the DLPW3 variant, 

containing less than 0.5% alcohol, is particularly 

suitable for development as a broad-spectrum 

nutraceutical functional beverage accessible to all 

consumer groups, including those abstaining from 

alcohol. The dealcoholized version is particularly 

suitable for individuals seeking functional beverages 

without alcohol. Moderate consumption of these wines 

may help improve health and support gut microbiota 

balance. Further studies on long-term health effects and 

practical dietary applications could maximize their 

potential as health-promoting beverages. 
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