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INTRODUCTION 

 

Banana is one of the world's most popular tropical climacteric fruits and the fourth 
most important agricultural food crop produced globally (Aurore et al., 2009). It 

is high in sugars, vitamins, minerals, and dietary fibers, as well as phytochemical 

constituents (polyphenols) that have significant health benefits. According to 
several reports, bananas contain a wide range of phytochemicals, including 

carotenoids, flavonoids, phenolics, phytosterols, and biogenic amines (Singh et al., 

2016). Because of the high concentrations of these phytochemicals, banana has 
greater antioxidant potential than some berries, herbs, and vegetables, and this 

quality improves as the fruit ripens (Amini Khoozani et al., 2019). Bananas 

contain numerous bioactive compounds, including apigenin, β--sitosterol, 
flavonoids, and lectin, which have been shown to have anti-cancer properties. 

Furthermore, kaempferol and (S)-(+)-6-methoxy--methyl-2-naphthalene acetic 

acid in bananas contribute to anti-inflammatory properties (Mathew & Negi, 

2017). The most promising polyphenols, however, are quercetin, catechin, and 

gallic acid in fruit wines, which have received special attention due to their 

pharmacological properties (de Souza Dias et al., 2013). Notably, the quantity of 
phenolic components in the wine can be increased through the proper selection of 

yeast species, extending the maceration period, and utilizing enzyme preparations 

(Petrovic et al., 2019). 
Cancer is a complicated disease that has emerged as one of the leading causes of 

death in the modern era. Many researchers have shifted their focus in recent years 
in developing new strategies for cancer prevention. One promising strategy is the 

identification of natural biologically active compounds that can preferentially 

suppress or prevent the early stages of tumorigenesis or cancer progression while 
having minimal adverse effects on healthy cells (Ranjan et al., 2019).  Several 

epidemiological studies have suggested that a diet high in fruits and vegetables 

reduces the risk and incidence of oxidative stress-related degenerative diseases 
such as cancer, cardiovascular disease, and neurodegenerative disease. The 

polyphenolic content of such a diet contributes significantly to its beneficial effects 

(Castaneda & Kinne, 2004, Bigelow & Cardelli, 2006, Carocho & Ferreira, 

2013). The need for finding a link between preventing cancer in humans and 

harnessing the potential of anti-oxidants as treatment or therapy is increasing by 

the hour, and there has been a paradigm shift in the scientific research world 
towards a less explored group of plant secondary metabolites known as 

polyphenols (El Gharras, 2009).   

Wines made from fruits are a potentially significant source of polyphenols. Wine 

may contain both fruit-derived polyphenols and new phenolic products 
accumulated due to fermentation process. White wine, has received a lot of 

attention in recent years for its potential anti-cancer properties. Numerous 

experimental studies using cell lines (in-vitro) and whole animals (in-vivo) have 
demonstrated the anti-proliferative, apoptosis induction, cell-cycle arrest, and 

modulation of signal transduction pathways properties of white wine (De Souza 

Dias et al., 2013, D’Angelo et al., 2017, Choudhari et al., 2020) . Although, no 
reports on the characterization of polyphenolic components and the anti-cancer 

potential of banana wine have been published. The current study aimed to focus on 

the same. 
 

MATERIAL AND METHODS 

 

Chemicals and Reagents 

 

All chemicals and reagents were of analytical grade and sourced from Sigma 
Aldrich, unless stated otherwise. Overripe bananas (Musa acuminata 'Robusta') 

were sourced from a local supermarket in Girgaon, Mumbai, India. For the 

fermentation process, Saccharomyces cerevisiae (standardized baker's yeast for 
wine production) was used at a concentration of 1 gram per litre of filtrate, along 

with 5% dextrose. Lactic acid bacteria (500 mg dried powder of Lactobacillus 
acidophilus) were utilized for malolactic fermentation. The Folin-Ciocalteau 

reagent, used for determining total polyphenolic content (TPC), and saturated 

sodium bicarbonate solution were procured as per the assay requirements. Gallic 
acid served as the reference standard for TPC determination. High-performance 

liquid chromatography (HPLC) analyses were conducted using a Eurosphere C-18 

reversed-phase cartridge, with solvents comprising 0.1% formic acid in HPLC-
grade water (Solvent A) and 0.1% formic acid in methanol (Solvent B). For the 

antioxidant activity assay, FRAP reagent was prepared and used. Cell culture 

media and supplements included Dulbecco’s Modified Eagle Medium (DMEM), 
fetal bovine serum (FBS), penicillin, and sodium bicarbonate, all necessary for 

maintaining cell viability. The MTT assay involved MTT reagent (0.5 g/mL) and 

sodium dodecyl sulfate (SDS) for solubilizing formazan crystals. For determining 
reactive oxygen species (ROS), 2’, 7’-Dichlorofluorescein diacetate (DCFDA) 
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staining was performed. Propidium iodide (PI) was used for cell cycle analysis via 

flow cytometry.  

 

Preparation of Banana wine  

 

Overripe bananas (Musa acuminata 'Robusta') were purchased from a local 
supermarket in Girgaon, Mumbai, India, for the preparation of banana wine. The 

fruits were washed, peeled and cut. A benchtop food processor was used to 

prepare a mash after grinding the overripe bananas. The banana mash was blended 
with water in 1:3 ratio (1 part banana must to 3 parts water), then boiled for 45 min 

and filtered through a muslin cloth. S. cerevisiae (1 gram per litre of filtrate) and 
5% dextrose were added to the pH-5 filtrate. The fermentation was carried out for 

5 days at 28ºC. Malolactic fermentation was accomplished by adding lactic acid 

bacteria (500 mg dried powder Lactobacillus acidophilus) to the fermented 
product. The prepared banana wine was refrigerated at 4°C until use. Sauvignon 

Blanc was used as the standard for comparative studies because the wine made 

from bananas resembled the taste and characteristics of white wine. Experts from 
Sula Vineyards Private Limited, Nashik, India suggested the same for our study 

and it was a kind gift from them. 

 
Determination of total polyphenolic compounds by Folin-Ciocalteau reagent 

 

The total polyphenolic content (TPC) of the wine samples were estimated by the 
Folin-Ciocalteau reagent as described earlier (Araújo et al., 2013) with a minor 

modification. The assay was performed in 96-well plate. 20 µL of undiluted wine 

samples were added to each of the wells, followed by addition of 100 µL of the 
Folin-Ciocalteau reagent. After 10 min, 80 µL of saturated sodium bicarbonate 

solution was added. After 30 min of incubation at room temperature (25-28 °C), 

the absorbance was measured at 690 nm. The reference standard used for plotting 
the standard curve was Gallic acid. A range of different standard concentrations 

(10-100 µg/mL) were prepared using water as the solvent. The TPC was 

determined using the linear equation obtained from the standard calibration curve 
prepared with Gallic acid and it was expressed as mg/L of gallic acid equivalents 

(GAE). All tests were performed in triplicate. 
 

Determination of Polyphenolic compounds by High-performance liquid 

chromatography  

 

Quantification of individual polyphenolic compounds (Quercetin, Catechin and 

Gallic acid) in the banana wine was performed by high performance liquid 

chromatography (HPLC). Separation was performed using a Eurosphere C-18 
reversed-phase cartridge {Dimension: 300mn (length) × 4mm (diameter), particle 

size: 5µm} (KNAUER, Germany system). The mobile phase was as follows, 

Solvent A: 0.1% formic acid in HPLC water and Solvent B: 0.1% formic acid in 
methanol. At a flow rate of 0.5ml/min, the elution gradient was as follows: for zero 

time and 2 min, 95% solvent A and 5% solvent B; for 2 min and 20 min gradient 

changes to 5% solvent A and 95% solvent B. The UV detector, connected in series, 
was set to absorbance at 255nm. The ChromGate software was used for the 

analysis of the data. Wine samples were filtered through 0.45µm membrane filter 

and 10µl of each sample was directly injected into HPLC. 
 

In vitro assays for evaluating the biological activities of wine prepared from 

bananas 

 

Determination of antioxidant activity  

 

The antioxidant potential of wine prepared from bananas was determined by FRAP 

assay using a UV-VIS spectrophotometer (BioTek, Epoch2). The FRAP assay was 

carried out in accordance with a previously published protocol (Mildner-

Szkudlarz et al., 2009) . In brief, the samples were prepared by combining 150µl 

of FRAP reagent and 50µl of banana wine, and the absorbance was measured at 

592nm after 40 min of incubation in the dark at 37ºC. The antioxidant activity of 
banana wine was compared to that of a standard white wine processed in the same 

manner. The tests were carried out in triplicate, and the results were expressed in 
milligrams of Quercetin equivalent per liter of banana wine or standard white wine 

(mg/liter). 

 

Cell culturing 

 

The cyto-toxic effect of the wine prepared from bananas was tested on two human 
cancer cell lines; A-549 (human alveolar basal epithelial Adenocarcinoma) and 

MDA-MB231 (human metastatic mammary adenocarcinoma). Cells were cultured 

in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% v/v fetal 
bovine serum (FBS), 0.2% (2 mg/mL) of penicillin and adjusted to pH-7.2 by 

sodium bicarbonate. The cells were grown at 37°C under 5% CO2. 

 
Determination of the cell cytotoxicity 

 

Cell viability was used to determine cell cytotoxicity using the MTT assay. Cells 
were seeded in a 96-well microtiter plate at a density of 1 x 105 cells/mL and 

incubated for 24 h at 37°C in CO2 incubator. Except for the untreated controls, 

banana wine and standard white wine were added to the respective wells (100µl) 

after cell adhesion along with 100µl of double-strength complete media. The 

adhered cell confluency was at least 90% before starting the treatment. As a 

positive control, 0.5mM H2O2 was added to the wells with or without wine samples 

and incubated for 24 h at 37°C. After the incubation, 100 µl of medium was 
removed from each well and replaced with 100µl of MTT (0.5g/mL) and incubated 

at 37°C with 5% CO2 for 4 h. Purple formazan crystals accumulated in viable cells 

which were solubilized by adding 100µl of 10% SDS (100 mg/mL) to each well 
and incubated for 60 min at 37°C. The amount of formazan produced was 

measured using an ELISA plate reader at 570 nm (Kleiveland, 2015). The same 
conditions were used to grow control cells. We kept the 4% and 12% alcohol 

controls because banana wine and standard white wine had alcohol content of 4% 

and 12%, respectively, and to rule out the possibility of cell death due to the 
inherent presence of this alcohol content. The experiments were carried out in 

triplicate three times. The equation was used to calculate the percentage of cell 

viability. 
 

%𝐯𝐢𝐚𝐛𝐢𝐥𝐢𝐭𝐲 =  [𝐀𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐓𝐞𝐬𝐭/ 𝐀𝐛𝐬𝐨𝐫𝐛𝐚𝐧𝐜𝐞 𝐨𝐟 𝐜𝐨𝐧𝐭𝐫𝐨𝐥] 𝐱 𝟏𝟎𝟎 

 

Determination of ROS by 2’, 7’- Dichlorofluorescein diacetate (DCFDA) 

staining 

 

Cells were seeded in a 96-well microtiter plate (black) at a density of 1 x 105 

cells/mL and incubated for 24 h at 37°C in CO2 incubator. The cells were given 
wine treatment as mentioned above along with 0.5mM H2O2 for 12 h. After that 

the media was replaced by 100µl of DCFH-DA (10 μmol/mL) in serum free media 

was added to each well and incubated for 30 min at 37 °C in 5% CO2. Then the 
cell layer was washed with PBS and 100µl of serum-free medium was added to 

each well before taking the fluorescence intensity with an excitation wavelength 

of 485nm and emission wavelength of 535nm in fluorescence plate reader (iD3 
spectradrop, Molecular devices). 

 

Cell cycle analysis  

 

The ability of banana wine to induce cell death in A-549 cells was determined by 

PI staining coupled with flow cytometry as described before (Riccardi & 

Nicoletti, 2006). Briefly, exponentially growing cells were adjusted to a cell 

density of 1.5 x 106 cells per cell culture dish (60 mm) in the complete Iscove’s 

modified Dulbecco’s medium (IMDM) and were incubated at 37°C in  CO2 
incubator. After cell monolayer formation, cells were treated with banana wine, 

standard white wine, 4% alcohol, and 12% alcohol for 24 h. Cells grown in 

complete IMDM (pH 3.5-4) at the same seeding density and incubation conditions 
were considered as untreated vehicle control (pH of banana wine- 4). After 24 h, 

the cells were collected, washed with 1X PBS, fixed with chilled 70% ethanol, and 

held at -20°C for 24 h. The fixed cells were harvested, followed by the removal of 
excess ethanol by washing with 1X PBS. These cells were stained with 50 µg/ml 

PI (T4170, Sigma) for 30 min and analyzed by a flow cytometer (Cyflow space-

SysmexPartec). A minimum of 25,000 cells were analyzed per sample. 
 

Statistical analysis    

 

The statistical analysis was performed with Sigma stat 3.5 and Microsoft Excel 

software.  All the results were expressed as mean ± SD values. The means values 
for all the tests were analyzed by one-way ANOVA with a post hoc (Tukey’s 

honest significant difference) test for pairwise multiple comparisons. Differences 

were considered significant at p was < 0.05.  
 

RESULTS AND DISCUSSION 

 

The physicochemical parameters of the banana wine employed in this study were 

meticulously characterized: alcohol content was determined to be 5.75%, pH 

measured at 3.67, total sugars quantified at 2.34 g/L, total acids at 1.57 g/L, total 
SO2 recorded at 10 ppm, with free SO2 at 5 ppm, and total polyphenol content 

measured at 163 ± 5 mg/L. Additionally, specific organic acids such as lactic acid 

were identified. These parameters were previously comprehensively characterized 
in our published work (Panchal et al., 2020) highlighting the robust 

characterization of banana wine. This study focuses on exploring the in-vitro 

antioxidant and cytotoxic potential of banana wine. 
 

Phenolic content of wine prepared from Bananas 

 
Polyphenolic components are considered as one of the most important contributors 

to antioxidant and anticancer activities. Thus, in the present study, total 

polyphenolic content of the wines was estimated by Folin Ciocalteau and Fig. 1A 
depicts the total polyphenolic composition of the wine samples in terms of GAE. 

The total polyphenolic content of banana wine was significantly higher (P value < 

0.001) than that of white wine. Further, three polyphenols quercetin, gallic acid, 
and catechin were chosen for estimation in banana wine due to their abundance in 

banana fruit (Sidhu and Zafar, 2018). These three polyphenols are also found in 
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commercial fruit wines such as apple, blackberry, raspberry, and strawberry 

(Ljevar et al., 2016), as well as grape wines (Li & Sun, 2019). Furthermore, the 

selected polyphenols have been linked to anti-cancer activity in a number of studies  

(Huh et al., 2004, Kang et al., 2016, Pang et al., 2017, Li & Sun, 2019). 

Among the polyphenols, quercetin is abundant in bananas and is known to act not 

only as an anti-oxidant but also as a cytotoxic pro-oxidant (D’Angelo et al., 2017b) 
. This pro-oxidant property contributes to its chemotherapeutic potential, and it has 

been reported to induce apoptosis in various cancer cell lines (Hashemzaei et al., 

2017). Quercetin activates p53 in the MDA-MB-453 breast cancer cell line, 
resulting in cell cycle arrest. It also increases the expression of the pro-apoptotic 

protein Bax while decreasing the expression of the anti-apoptotic protein Bcl-2 and 
induces cytochrome-c-mediated apoptosis (Hardwick & Soane, 2013). Catechin, 

a major polyphenol found in green tea, fruits, and vegetables, has been shown to 

inhibit the cancerous growth of the prostate, breast, and skin (Athar et al., 2007). 

It induces the cyclin kinase inhibitor p21 in lung epithelial cancer cells (A-549), 

leading to G1 cell cycle arrest and accumulation of cells in the G0/G1 phase, and 

suppresses cyclin E1 and P-AKT, which are responsible for cancer development, 

tumorigenesis, and metastatic spread (Sun et al., 2020). Gallic acid, another 

important polyphenol found in fruits and vegetables, has been linked to anti-cancer 
activity. It increases the expression of p21 and p53, alters the expression of Mcl-1, 

and induces apoptosis in breast cancer cells (MCF-7) (Rezaei et al., 2016). 

Although these polyphenols have anti-cancer potential on their own, studies have 
shown that their anti-cancer efficacy is maximized when used in combination 

(Niedzwiecki et al., 2016). As a result, fruit wines containing a combination of 
these important polyphenols may be considered safer and more effective anticancer 

agents.  

 

 
Figure 1 Phenolic content of wine prepared from Bananas (A) Estimation of total polyphenolic content of banana wine and white wine by Folic Ciocalteau method in 

terms of gallic acid equivalent. Each bar represents the mean ± SD for three replicates.  (B) HPLC chromatogram of standard catechin (a), quercetin (b) gallic acid(c) and 
banana wine (d) and white wine (e) at –255 nm. The x-axis represents retention time and the y-axis represents the absorbance. 

 

HPLC was used to quantify the polyphenols in the banana and white wine 
(standard). In less than 22 min, standards of quercetin, gallic acid, and catechin 

were well separated in a single run (Fig. 1B. A , Fig 1B. B and Fig 1B. C). The 

chromatogram of banana wine revealed that it contained more catechin (1.1 ± 0.8 
mg/L) and quercetin (0.289 ± 0.8 mg/L) than white wine (0.19 ± 0.1 mg/L and 0.04 

± 0.02 mg/L respectively (Fig. 1B. D and Fig. 1B. E). White wine, on the other 

hand, had a higher concentration of gallic acid (2.19 ± 0.4 mg/L) than banana wine 
(0.44 ± 0.12mg/L). The differences in the profiles of the individual polyphenolic 

compounds could be attributed to maturity, wine-making technology, phenolic 

changes that occur during the ageing process, and other factors such as the type of 
fruit used in the preparation of wine. Therefore, banana wine was chosen for further 

research due to its high polyphenolic content and unique polyphenolic 

composition. 
 

Antioxidant activity of banana wine 

 
Phenolic compounds boost antioxidant activity and improve human health by 

lowering the risk of chronic diseases such as diabetes, cardiovascular and 

inflammatory disease, and cancer. In-vitro antioxidant activity of banana wine was 
assessed using the FRAP assay (Fig. 2A) and cellular ROS detection using the 

DCFDA (Fig. 2B). The antioxidant activity of the two wines tested, banana wine 

and white wine, was not significantly different in vitro using the FRAP assay. Our 
correlation analysis between FC and FRAP assay revealed that antioxidant activity 

is related to polyphenolic content. Furthermore, ROS detection using DCFDA 

revealed that treating the macrophage cell line with H2O2 and then with Banana 
wine or white wine significantly reduced ROS production (P value < 0.0001). After 

H2O2 treatment, the ROS levels in banana wine and white wine were comparable, 

with no statistical difference between them. As a result, it is correct to state that the 
polyphenolic compounds determine the antioxidant activity of these wines, which 

varies greatly depending on the individual compound in the wine. Because 

antioxidants have been shown to affect several signalling cascades and targets 
associated with anti-proliferative effects, our next goal was to investigate their 

effectiveness on cancer cell lines. 
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Figure 2 Antioxidant activity of banana wine (A) Estimation of antioxidant potential of banana wine and white wine by FRAP assay keeping quercetin as a standard. 
Each bar represents the mean ± SD for three replicates. (B) Mouse macrophage cells (RAW246.7) were treated with/without 0.5mM H2O2 and wine samples for 24 h and 

ROS production of the treated and untreated cells were determined by DCFDA staining and relative fluorescence unit estimation in fluorescence plate reader (iD3 

spectradrop, Molecular devices). Each bar represents the mean ± SD for three replicates. 
 

Cytotoxic effect of Banana wine on human cancer cell lines 

 

Depending on the source of free radicals and their concentration, the polyphenolic 
compounds in wine can exert both pro-oxidant and anti-oxidant activity. Wine's 

cytotoxic activity could be linked to polyphenol’s pro-oxidant properties. By 

producing reactive oxidative species, pro-oxidant activity can induce apoptosis and 
accelerate oxidative damage. Numerous studies have shown that polyphenols can 

inhibit cancer initiation via a variety of mechanisms, including blocking specific 

mutagen-transforming enzymes, regulating heme-containing phase I, and 

preventing the formation of DNA adducts (Abdal Dayem et al., 2016). In this 

study, the cytotoxic activity of banana wine on two human cancer cell lines was 

investigated. A-549 and MDA-MB231 cells were treated for 24 h with banana wine 
samples, and cytotoxicity was determined by assessing cell viability using the 

MTT assay. Here, hydrogen peroxide (H2O2) was used as a positive control to 

cause oxidative damage-induced cell death (Heo et al., 2020). Both banana wine 
and white wine treatments significantly reduced cell viability (P-value < 0.0001) 

in cancer cell lines when compared to the no-treatment control. The percentage cell 

viability of A-549 cells treated with banana wine and white wine did not differ 
significantly (8.86 ± 0.74 and 6.96 ± 0.55, respectively) (Fig 3A, 3B). The observed 

increase in cytotoxicity towards the two cancer cell lines following treatment with 

banana wine could be attributed to polyphenols targeting different aspects of the 
oncogenic signaling pathway. Some studies have also shown that polyphenols can 

help prevent malignant transformation from benign tumors (Cháirez-Ramírez et 

al., 2021; Yagi et al., 2013). Another study confirmed the ability of fruit wines to 
mitigate experimentally induced oxidative stress by inducing specific enzymes 

(Cakar et al., 2021). More research is needed into the molecular interactions of 

protein pathways and understand how the active components of banana wine affect 

target genes. 

 
Figure 3 Cytotoxic effect of Banana wine on human cancer cell lines (A) A-549, and (B) MDA-MB-231 cell lines. For both the bar graphs A and B, the cells were either 
untreated (media control), or were treated for 24 h with- standard white wine (undiluted), 12% alcohol, banana wine (undiluted), 4% alcohol, and H2O2. The data is 

represented as the mean viability ± SD of the three replicates. (*P < 0.05 and **P < 0.01) 

 
The viability of A-549 cells after treatment with banana wine was also evaluated 

using PI staining-based flow-cytometric assay as shown in Figure 4. Viability of 

A-549 cells after treatment with banana wine showed a broad sub-G1 peak as 

compared to the other treatments, indicating a larger proportion of cell death with 

this treatment (Fig. 4A-D). There was a significant (P-value < 0.01) increase in the 

percentage of sub-G1 cells (Fig. 4A) for banana wine treatment (58.54 ± 3.2%), 
over the untreated control (6.3 ± 0.24%) and standard white wine (35.38 ± 0.7%). 

Furthermore, to determine if the alcohol concentration in banana wine  is one 

contributing factor for cell death, A-549 cells treated with 12% alcohol were also 
analyzed. The result from this experiment indicated that the sub-G1 phase cells in 

banana wine treatment were significantly (P-value < 0.01) higher as compared to 

12% alcohol (32.9 ± 1.3%). These findings confirm the cytotoxic activity of banana 

wine on A-549 cells and also suggest that the cytotoxic effect is independent of its 

alcohol concentration. Although, this result is not exactly following  the MTT 

assay result for the A-549 cell line in Fig 3. The viability of A549 cells was higher 

after banana wine treatment compared to white wine. There can be many reasons 
behind the observation. A-549 cell line is a human non-small cell lung cancer 

(NSCLC) cells which have been reported to express high levels of multiple 

isoforms of aldehyde dehydrogenase enzyme that induces the concentration of 
NADH in these cells (Kang et al., 2016). An enhanced NADH concentration in 
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the cells can lead to the nonspecific reduction of MTT and underestimates the 

cytotoxicity that is caused solely by ethanol.  

 

 
Figure 4 Cytotoxic effect of Banana wine on human cancer cell lines (A) Flow cytometry plots indicating the measure of A-549 cells (stained with PI) on treatment with 

wine samples. Untreated cells - vehicle control (a), and cells treated for 24 h with banana wine (b), standard white wine (c), and 12% alcohol (d). (B) Bar graph depicting 

a marked increase in sub-G1 cell population when cells are treated with banana wine and 12% alcohol over other treatments (F). For the bar graph (B), the data is 
represented as the mean ± SD of the three replicates. (****P < 0.001) 

 

Several studies have found that isolated polyphenolic fractions of wines and fruit 
extracts have cytotoxic activity in cancer cell lines (Choudhari et al., 2020). One 

study also found that blackberry, cherry, raspberry, blackcurrant, strawberry, and 

apple wine had anti-proliferative and apoptotic effects on cervical cancer, breast 
cancer, and colon cancer cell lines (Ljevar et al., 2016). Plum and Andean berry 

wines have also been shown to be cytotoxic against various cancer cell lines 

(Hakimuddin et al., 2004). However, to the best of our knowledge, this is the first 
study to show that banana wine has anti-cancer potential. 

 

CONCLUSION 

 

This study compared banana wine's antioxidant and cytotoxic potential to standard 

white wine. Our findings reveal that banana wine contains significantly higher 
levels of quercetin and catechin—essential polyphenolic compounds known for 

their antioxidant and anti-cancer properties—compared to white wine. Thus, 

banana wine exhibits superior antioxidant and anti-cancer properties. These results 
highlight the importance of investigating non-traditional fruit wines derived from 

sources other than grapes. 
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SUPPLEMENTARY FIGURE 

  

 
Supplementary Figure 1 Cytotoxic activity of banana wine on human PBMC. 

The cells were either untreated (media control), or were treated for 24 h with 

banana wine (un diluted and 1:2 diluted) and standard white wine (undiluted and 
1:2 diluted). The data is represented as the mean viability ± SD of the three 

replicates. (*P < 0.05 and **P < 0.01) 
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