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GENERAL INFORMATION ABSTRACT

This study was carried out to explore suitable fermentation
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Accepted date: 20/03/2026 the laboratory scale. The response surface methodology
(RSM) using a Box—Behnken design was applied to
examine the influence of initial total soluble solids (TSS)

KEYWORD concentration (18-22 °Brix), yeast inoculation ratio (1—
Banana: 3% v/v), and fermentation time (120-168 hours) on the
Hibiscus sabdariffa .- residual reducing sugar content and alcohol concentration

in the final product. The most appropriate set of conditions
was identified as 20 °Brix initial TSS, a yeast inoculation
ratio of 2.48% (v/v), and a fermentation time of 152.1
hours, yielding a wine containing 9.86% (v/v) ethanol and
13.09 g/L reducing sugar. The yeast inoculation ratio and
fermentation time showed clear effects on sugar utilization
and alcohol production. The product underwent sensory
assessment and routine quality analysis, both indicating
satisfactory results. These outcomes suggest that
combining bananas with Hibiscus sabdariffa L. may be a
promising approach for developing a new tropical fruit
wine with potential commercial and nutritional value.
Future work could extend to larger-scale experiments,
long-term stability evaluation, and tracking changes in
bioactive compounds during fermentation.

Fermentation;
Wine.

1. INTRODUCTION Southeast Asia and Africa. Bananas are well-
known for their high natural sugar content,
appealing aroma, and rich supply of essential
nutrients such as potassium, fiber, and various

Banana (Musa spp.) is a staple fruit widely
cultivated in tropical regions, especially in
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vitamins, making them a popular food. However,
their rapid ripening and short shelf life after
harvest have contributed significantly to food
loss in developing countries (Ogodo et al., 2015).
This postharvest perishability has prompted
research into sustainable processing methods,
including converting overripe bananas into
fermented products like wine and vinegar.

Roselle (Hibiscus sabdariffa L.), often
referred to as red artichoke in Vietnam, is a
flowering plant commonly appreciated for its
bright-colored calyx, which is frequently used
for making herbal teas and beverages. The calyx
is rich in anthocyanins, organic acids, and
ascorbic acid, which contribute to its red color
and antioxidant capacity (Ire etal., 2020; Okoro,
2007). In several tropical regions, such as
Nigeria, red artichoke is often fermented into
"zobo," a local drink that has more recently
served as a source for fruit wine production
(Omole & Oranusi, 2019).

The wine fermentation process involves
yeast converting sugars into alcohol and carbon
dioxide. Among the various yeast strains,
Saccharomyces cerevisiae is the most commonly
used due to its strong fermentation ability and
high alcohol tolerance. In the context of
producing wine from Hibiscus sabdariffa L., S.
cerevisiae strains isolated from traditional
fermented wines have demonstrated good
adaptability as well as high sugar conversion
efficiency (Nwahia & Opara, 2012; Okoro,
2007). With its natural sweetness, banana
becomes an ideal fermentation substrate, and
when combined with Hibiscus sabdariffa L., it
enhances both the sensory quality and alcohol
content of the final product (Ogodo et al., 2015).

Recent studies have increasingly applied the
response surface methodology (RSM) to
optimize the fermentation process of tropical
fruit wines, such as those made from papaya,

citrus, and watermelon, due to its effectiveness in
modeling complex process variables while
reducing the number of trials required (Ire et al.,
2020; Swami et al., 2014). However, while the
individual fermentation processes of banana and
roselle have been widely studied, their use
together in the same fermentation system has
received little attention.

This study was conducted to optimize
fermentation conditions for producing wine from
a mixture of banana and Hibiscus sabdariffa L.
on a laboratory scale. By evaluating key
variables including fermentation solution
concentration TSS (°Brix), yeast ratio, and
fermentation time, this study aimed to develop an
effective process for creating a new, high-quality
functional wine using locally available tropical
fruits from Dong Nai province, Vietnam.

2. METHODOLOGY
2.1. Material
2.1.1. Banana and Hibiscus sabdariffa L.

Bananas and Hibiscus sabdariffa L. were
purchased at Trang Dai Market, Trang Dai Ward,
Dong Nai Province. The bananas were at
ripeness level 3 (fully ripe); at this stage, the
sugar content in the banana is at its highest and
the starch content is at its lowest, with a moisture
content of 72.2 £1.15% and reducing sugar
content of 38.5+2.8 g/L. Hibiscus sabdariffa L.
flowers: The flowers were dried at 60°C using a
Memmert UF 110 dryer until reaching a moisture
content of 10%, after which 250 g of dried
flowers were soaked in 1000 ml of boiling water
for 20 minutes to obtain an extract. Bananas: —
The bananas had total soluble solids of 13-14
°Brix, measured using a handheld refractometer
(Vogel, Germany). They were then peeled and
pureed using a Philips HR2041 blender for 1
minute at a flowers-to-water (Hibiscus
sabdariffa L. extract) ratio of 1:3 (w/v). The
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banana mixture was then subjected to ultrasonic
treatment using the GT-2120QTS ultrasound
equipment at a fixed frequency of 40 kHz, the
power was 400 W, the ultrasound mode was
Normal, the ultrasonic temperature was 50 °C,
and the sonication time was 15 minutes. Finally,
the mixture was filtered to remove residue using
a vacuum filter device with a pore size of 0.1
mm at a pressure of 600 mmHg to obtain the
combined banana and Hibiscus sabdariffa L.
extract.

2.1.2. Yeast

The yeast Saccharomyces cerevisiae was
purchased from Saigon Yeast Co., Ltd., using
the type intended for fruit wine production.

2.2. Methods

2.2.1. Fermentation of Banana and Hibiscus
sabdariffa L. Wine

The extracted mixture was tested for TSS
(total soluble solids) before adding saccharose to
achieve the desired total soluble solids content
according to study parameters. Fermentation was
conducted in 5 L glass flasks with the specified
proportion of yeast added as required.
Fermentation conditions were maintained at
room temperature, from 30-32°C, and at a pH of
3.5-4. The pH was adjusted using food-grade
citric acid (10% wi/v solution) and monitored
with a Hanna HI12211 benchtop pH meter (Idise
& Odum, 2011). After the fermentation period,
the wine was filtered through coarse fabric
(0.002 mm), and its quality was assessed.

2.2.2. Optimization of the Fermentation
Process

The key fermentation parameters include the
total soluble solids content, yeast inoculum
density, and fermentation duration. Numerous
studies on fruit-based wines have shown that
maintaining TSS within 18-22 °Brix provides
favorable conditions for the activity of
Saccharomyces cerevisiae without imposing
excessive osmotic stress (Okoro, 2007; Ogodo et
al., 2015; Wang et al., 2013). A yeast inoculation
level of 1-3% has been reported as appropriate
for initiating a stable fermentation while
minimizing contamination risks and avoiding
nutrient competition among yeast cells (Jolly et
al., 2014; Idise & Odum, 2011). A fermentation
period of 120-168 hours has also been identified
as the phase in which the most intensive sugar
conversion occurs in studies on Hibiscus wine
and banana wine (Nwahia & Opara, 2012; Omole
& Oranusi, 2019; Ogodo et al., 2015).

The Box-Behnken method is used to
optimize the wine fermentation process. Factors
affecting Alcohol concentration and reducing
sugar content include the concentration of the
fermentation solution (TSS), yeast ratio, and
fermentation time. The indicators monitored are
alcohol concentration and reducing sugar
content.

Table 1. Independent variables and their coded and actual values used for optimization

Survey range

Facto

0 +1

X1- Initial TSS (°Brix) 18

20 22
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Survey range

Facto
-1 0 +1
X2 - Yeast inoculation
_ 1 2 3
ratio (%)
X3-Fermentation time 120 144 168

(hours)

2.2.3. Method for Determining Reducing
Sugar

The quantification of reducing sugar content
in fruit juice is carried out according to the
method of (Miller, 1959). Specifically, 1 mL of
3,5-Dinitrosalicylic acid (DNS) solution is added
to 1 mL of the supernatant (wort sample) in a test
tube, then the mixture is heated in a water bath
for 10 minutes. After heating, the test tube is
rapidly cooled with tap water and distilled water

is added to bring the total volume to 12 mL. At
the same time, a blank sample is also prepared
with 1 mL of distilled water and 1 mL of DNS.
The optical density (OD) value of the sample is
measured using an Implen C50
spectrophotometer at a wavelength of 540 nm
against the blank sample. The concentration of
reducing sugars is determined using the glucose
standard curve Y = 0.0005X — 0.0144, R? =
0.9875.

Table 2. Experimental data on reducing sugar content and alcohol concentration in wine under different
experimental factors of X1-Solution concentration, X2—Yeast ratio, X3—Fermentation time.

Run szls E? I_;,trl s(l) iﬁgcju\lgi?j ;[1 F(_ermég';ation Re:j(j c-i ng Zozn-tgltc?%l
ratio (%) time (hours) (g/L)

1 18 1 144 30.60+0.44  4.56+0.28
2 18 2 120 20.60+0.6 5.24+0.3

3 18 2 168 16.90+0.21  7.14+0.26
4 18 3 144 15.70+0.4  7.92+0.28
5 20 1 120 38.40+0.59  6.18+0.41
6 20 1 168 31.70+0.8 6.92+0.73
7 20 2 144 15.10+0.4  9.12+0.37
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Run ‘éls E? Bl)tlf s(l) iﬁscju};i?; :1 Fgrmég';ation Re:j(j c-i ng Zjn_tglf(()%l
ratio (%) time (hours) (g/L)

8 20 2 144 14.72+0.4  9.01+0.37
9 20 2 144 15.80+0.4  9.85+0.37
10 20 3 120 22.21+0.65  8.30+0.49
11 20 3 168 16.16+0.46  9.70+0.36
12 22 1 144 34.71+0.39  6.30+0.53
13 22 2 120 31.15+0.79  6.42+0.37
14 22 2 168 2417+ 0.78  7.61+0.57
15 22 3 144 24.80+0.81 7.30+0.5

2.2.4. Determination of Total Soluble Solids
Content TSS (°Brix)

To determine the sugar content in the
sample, expressed as the total soluble solids
(TSS) index or Brix degree, a handheld
refractometer, Atago Master 20M (Japan), with a
measuring range from 0 to 32°Brix, is used.
Before measurement, samples are stabilized at
room temperature. The device is initially
calibrated using distilled water to ensure a
reading of 0°Brix.

2.2.5. Determination of Alcohol Content in
Wine

Alcoholic volatile compounds in the sample
are separated using the distillation method, after
which the density of the distillate is measured
with a hydrometer. The alcohol content is
calculated and converted according to the AOAC
2019 (945.07) method.

2.2.6. Sensory Evaluation Method

Sensory evaluation is conducted by a group
of 10 fourth-year students from the Food
Technology Department, Dong Nai University of
Technology, including both male and female
students aged 21-22. Each participant is served
10 mL of banana—Hibiscus sabdariffa L wine in
a clear glass (25 mL capacity). The tasting
sessions are held from 9:00 to 10:00 a.m. at room
temperature (30-32 °C) and under white lighting
in the sensory evaluation laboratory. The sensory
evaluation procedure for the wine was carried out
in accordance with the TCVN 3217-79 standard.

3. FINDINGS AND DISCUSSION

3.1. Influence of Factors on the Reducing
Sugar Content

In wine production, the conversion of sugars into
alcohol and aroma-active compounds is a central
step in the fermentation process. The remaining
reducing sugars in the fermentation broth are
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used as an indicator, showing how well the yeast
functions and how far the reactions have
progressed. Excess residual sugar may lead to
undesirable post-fermentation or off-flavors. For
this reason, tracking and measuring reducing
sugars is important for maintaining a stable and
uniform final product (Fleet, 2008).

Optimizing the reducing sugar content
during wine fermentation is aimed at assessing
how effectively yeast converts sugar into alcohol
. The optimization process was carried out using
JMP 16 software with the Box-Behnken method.
The mathematical model demonstrated a high

(@) (b)

level of compatibility among the experimental
factors, reaching an R? value of 0.98, RMSE =
1.3984, and Lack-of-Fit (p=0.0907) p >0.05. The
factors affecting reducing sugar content in wine
are presented in the following regression
equation (1) va table 3.

Y1=15+3.8 X1 — 7.06X2 — 2.92 X3 + 3.6 X2
+7.57 X2 +4.33 X2 (1)

In which Y. is the reducing sugar content
(g/L); X is the initial TSS (°Brix); Xz is the yeast
ratio (% v/v); Xs is the fermentation time (hours)

time X3-Fermentation time (hours)(120,168)

)(1,3)

(% )(1,3)

ate (%

2ast inoculation r

X2 - Yeast inoculation rate

X3-Fermentation time (hours)(120,168)

(©)

Figure 1. Response surface of Reducing (g/L): (a) X1- Initial TSS (°Brix) va X2-Yeast inoculation ratio
(% ); (b) X2 - Yeast inoculation ratio (% ) va X3 - Fermentation time (hours); (c) X1- Initial TSS (°Brix)
va X3 - Fermentation time (hours).

Table 3. Effect of factors on the remaining reducing sugar content of the final fermented product

Term Estimate Std Error tRatio Prob>[t|
Intercept 15.206667 0.807391  18.83 <.0001*
X1- Initial TSS (°Brix)(18,22) 3.87875 0.494424 7.84 0.0005*
X2 - Yeast inoculation rate (% )(1,3) -7.0675 0.494424  -14.29  <.0001*
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Term Estimate Std Error tRatio Prob>[t|

X3-Fermentation time (hours)(120,168) -2.92875  0.494424  -5.92 0.0020*

i T \EYD
X1- Initial TSS (*Brix)*X2 - Yeast 12475 0699221 178  0.1345
inoculation rate (% )

i ORei VN :
)_(1 Initial TSS (°Brix)*X3-Fermentation 082 0699221  -1.17 0.2937
time (hours)

- i i 04 Y* -
X2 - Yeast inoculation rate (% )*X3 0625 0699221 023  0.8254
Fermentation time (hours)

i Rt NN it
X1- Initial TSS (*Brix)"X1- Initial TSS 3.6666667 0.727772 504  0.0040*
(°Brix)

- i i 04 )* -
X2 - Yeastinoculation rate (% )*X2 - Yeast 7 oo01667 0797772 1041 0.0001*
inoculation rate (% )

- i 1 * -
X3-Fermentation time (hours)*X3 43316667 0727772 595  0.0019*

Fermentation time (hours)

Based on regression equation (1) and the
plots in Figure 1. The results indicate that the
initial sugar concentration influences the residual
sugar content after fermentation. When the fruit
juice contains higher initial sugars, a greater
portion often persists in the final product. In
contrast, adding more yeast and allowing the
fermentation to run longer generally promote
stronger sugar utilization, which explains the
lower residual levels observed in those
treatments.

A higher inoculum provides yeast cells with
a quicker start, allowing them to consume sugars
for growth and alcohol formation at a faster pace.
Likewise, extending the fermentation period
gives the yeast additional time to break down
sugars. As a result, the wine contains noticeably
less residual sugar. These yeast-related factors,
therefore shape not only the kinetics of sugar

conversion but also the sensory profile and
stability of banana—roselle wine.

This trend aligns with previous findings,
such as the reduction in glucose during grape
juice fermentation reported by Ezemba &
Archibong (2022) and the sugar-consumption
patterns observed in banana substrates fermented
with Saccharomyces cerevisiae (Idise & Odum,
2011). Collectively, these results highlight that
the way reducing sugars are metabolized plays an
important role in determining the chemical
composition and sensory attributes of the final
wine (Fleet, 2008).(Fleet, 2008)

3.2. Influence of Factors on Alcohol Content
in Wine

Alcohol content is a key parameter that
determines  the quality and  sensory

characteristics of wine. Various factors such as
the total soluble solids content (TSS), yeast
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inoculation ratio, and fermentation time can
affect the amount of alcohol produced. Studying
these relationships helps optimize the production
process (Fleet, 2008; Idise & Odum, 2011).

The variance analysis combined with the
corresponding t-tests demonstrates that the three
experimental variables-initial soluble solid
content (X1), the proportion of yeast added (X>),
and the duration of fermentation (Xs)-all
contribute significantly to changes in alcohol
concentration (p < 0.05). The non-significant
Lack-of-Fit value (p = 0.83) confirms that the
constructed model is appropriate and adequately
represents the experimental data. Among the

factors examined, the yeast inoculation level
shows the strongest statistical effect, indicating
that this parameter plays the most influential role
in determining the amount of alcohol produced.
The relationship between the independent
variables and the response (alcohol content) is
described by the following second-order

regression equation:

Y2=9.32+0.34 X1 +1.15X, + 0.65 X3 —1.98
X12 -0.81 X22 —0.73 X% 2

In which, Y2 is the Alcohol content (%); Xu
is the initial TSS (°Brix); Xz is the yeast ratio (%
v/v); Xs is the fermentation time (hours).

X1- Initial TSS (0Brix)(18,22)
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Figure 2. Response surface of Alcohol content (%):(a) X1- Initial TSS (°Brix) va X2-Yeast inoculation ratio
(%); (b) X2 - Yeast inoculation ratio (% ) va X3 - Fermentation time (hours); (c) X1- Initial TSS (°Brix) va
X3 - Fermentation time (hours).

Table 4. Effect of factors on the alcohol content of the fermented product

Term Estimate Std Error tRatio Prob>|t|
Intercept 9.3266667  0.200207 46.59 <.0001*
X1- Initial TSS (°Brix) (18,22) 0.34625 0.122601 2.82 0.0369*
X2 - Yeast inoculation ratio (%) (1,3) 1.1575 0.122601 9.44 0.0002*
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Term Estimate Std Error tRatio Prob>|t|
X3-Fermentation time (hours) (120,168) 0.65375 0.122601 5.33 0.0031*
X1- Initial TSS (°Brix)*X2 - Yeast -0.59  0.173384 -3.40 0.0192*
inoculation ratio (% )
X1- Initial TSS (°Brix)*X3-Fermentation time -0.1775 0.173384 -1.02  0.3529
(hours)
X2 - Yeast inoculation ratio (% )*X3- 0.165 0.173384 0.95 0.3850
Fermentation time (hours)
X1- Initial TSS (°Brix)*X1- Initial TSS -1.989583  0.180464  -11.02 0.0001*
(°Brix)
X2 - Yeast inoculation ratio (% )*X2 - Yeast -0.817083  0.180464 -4.53 0.0062*
inoculation ratio (%)
X3-Fermentation time (hours)*X3- -0.734583  0.180464 -4.07 0.0096*

Fermentation time (hours)

Drawing on regression equation (2) together
with Figure 2 and the data in Table 4, the patterns
in alcohol formation suggest that the levels of
TSS and the amount of yeast added influence one
another during fermentation. When both
variables are increased beyond suitable ranges,
the yeast tends to convert sugars to alcohol less
efficiently. A likely reason for this is the rise in
osmotic pressure at high sugar concentrations,
which slows yeast activity, while an overly dense
yeast population may compete for nutrients and
accumulate metabolites that interfere with
fermentation.

The negative quadratic terms for Xi, X2, and
X3 also indicate that each parameter operates best
within a specific window rather than at extreme
values. Moving outside these ranges can reduce
alcohol production because the enzymes

involved in fermentation become less effective
when conditions are unfavorable. For this reason,
achieving high alcohol content in banana—
Hibiscus sabdariffa L. wine requires balancing
the starting TSS, the yeast inoculation level, and
the fermentation duration. Similar observations
have been reported in previous studies examining
how initial sugar concentration and inoculum
size alter the ability of Saccharomyces cerevisiae
to convert sugars into alcohol (Jolly et al., 2014;
Malacrino et al., 2005).

3.3. Optimization of the Wine Fermentation
Process

From Figure 3 the optimization results using
the Box-Behnken response surface methodology
showed a desirability value of 0.96, reflecting the
model’s high predictive capability and strong
reliability in determining optimal operating
conditions. The optimal parameters were
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identified as follows: Initial Brix (X1) at 20 °Brix,
Yeast inoculation ratio (X2) at 2.48% v/v, and
Fermentation time (Xs) at 152.1 hours (~6.3
days). Under these conditions, the predicted
response values were: Residual reducing sugar
content (Y1): 13.09 g/L; alcohol concentration
(Y2): 9.86% v/v.

The results show that the fermentation
process achieved an optimal balance between
sugar conversion efficiency and the limitation of
by-product accumulation. The total soluble
solids (TSS) concentration at 20% provides a
sufficient carbon source for the growth of
Saccharomyces cerevisiae yeast without causing
osmotic inhibition, while a yeast inoculation ratio
of 2.48% v/v ensures the appropriate cell density
for a rapid fermentation start, and at the same
time limits nutrient competition. The incubation
time of about 152 hours is long enough to convert
most of the sugar into alcohol but not long
enough to produce by-products that would
negatively affect sensory quality. Compared with
previous studies, the optimal alcohol content
obtained (=10% v/v) is higher than that reported
for the fermentation of Hibiscus sabdariffa L.
flowers with S. cerevisiae under initial sugar
conditions of 18°Brix (Omole & Oranusi, 2019).
Similarly, (Wang et al., 2013), when optimizing
wine production from mulberries, also recorded
an ethanol concentration ranging from 9-11%
v/v with inoculum ratio in the 2-3% range. In
addition, the study by (Jolly et al., 2014) also
emphasized the decisive role of the initial
inoculation ratio in the fermentation start-up
speed and efficiency. Thus, the results of this

study are consistent with the general trend,
demonstrating the potential application of the
optimized process in the production of wine from
tropical raw materials such as banana and
Hibiscus sabdariffa.

The findings of {Ogodo, 2015 #96}
demonstrated that blending different fruits for
wine production resulted in relatively high
ethanol yields. The final alcohol concentrations
were 17.50 + 0.02% for papaya—watermelon
wine, 16.00 + 0.02% for papaya—banana, 18.50 +
0.02% for banana-watermelon, and 18.00 +
0.02% for the papaya—banana—watermelon
mixture. These values were markedly higher than
the 10% alcohol obtained in the present study on
banana—Hibiscus sabdariffa L. wine. This
difference could be attributed to the yeast strain
used by {Ogodo, 2015 #96} which was isolated
from palm wine and possesses a stronger
fermentative capacity, thereby yielding higher
alcohol levels.

3.4. Laboratory-Scale Fermentation Testing
of Banana —Roselle Wine and Product
Quality Evaluation.

The experimental production process of
wine from bananas combined with Hibiscus
sabdariffa L. flowers was carried out on a 5-liter
scale, applying the optimal conditions
determined in previous experiments. The
resulting product was evaluated by a group of 10
members at the Sensory Practice Room — Faculty
of Technology, based on sensory criteria using
the scoring method specified in the Vietnamese
Standard TCVN 3217:79



TAP CHI KHOA HOC VA CONG NGHE DAI HOC CONG NGHE PONG NAI

S6:02-2026

=4 35
'S 13.09112
o —
&) @[1‘1.16446, 25
! 15.01779]
> 15
. 10
D _—
5 Lo856611
< § 937886,
o 5 1033436] ©
>~ O
4
= 1
= 0.75
0
"©0.959974 0.5
@ 0.25
(]
0
(o] (=) o — o [Fa] oJ [N ] nmt o O O O L= T ¥ o T o | (W —
- = o o o~ = o~ N Mmoo N O N S N~
N - - s - - = =
20 2477 152.12
X1- Initial X2 - Yeast X3-Fermentation
TSS (oBrix)  inoculation rate (% Ytime (hours) Desirability

Figure 3. Prediction profile analysis of alcoholic fermentation

The results showed that the wine sample had
a bright red color, clear transparency, no
turbidity, and a gentle, pleasant aroma. Based on
the data in Table 5 and according to the quality
classification scale set by TCVN 3217-79, the
Banana — Hibiscus sabdariffa L. wine sample
achieved a total score of 16.5, corresponding to
the “Good” rating. This demonstrates that the
wine fermented by Saccharomyces cerevisiae
possesses sensory characteristics that are well
accepted by consumers and has received positive
evaluations.

In addition, the physicochemical indicators
of the wine were also checked according to the
regulations in QCVN 6-3:2010/BYT issued by
the Ministry of Health. The results presented in
Table 6 show that the product fully meets the
safety limits for alcoholic  beverages.
Specifically, analytical parameters such as
methanol content, ethanol, arsenic, lead, and the
total number of aerobic microorganisms were all
below the maximum allowable limits according
to current standards.

Table 5. Sensory evaluation results of Banana wine — Hibiscus sabdariffa L.

Scores of the members Grade 'Mporta
Total ) nt Weighted

Target point .
score coeffici score

1 2 3 4 5 6 7 8 9 10 average
Color,clarity 4 5 5 4 4 4 5 5 4 5 45 4.5 0.8 3.6
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Scores of the members Grade 'Mporta
Total . nt Weighted

Target point L
score coeffici score

1 2 3 4 6 7 8 average

ent
Smell 5 5 4 2 4 4 3 39 1.2 4.7
Taste 5 4 2 4 4 5 4 41 2.0 8.2
Total 16.5

Table 6. Results of physico-chemical and microbiological evaluations
of Banana — Hibiscus sabdariffa L. wine.

Indicator name Test Method lelt_Of Test results
detection
AOAC 2019
Ethanol 20°C, ¢ - 10.1
thanol content at 20°C, % v/v (945.07). 0
Methanol content, mg/L of 100° AOAC 2016
alcohol (972.11) 30 Not detected
QTTN/KT3 5
Lead content, mg/L 098-2016 1.80 x 10 Not detected
Total Arsenic content, mg/L TCVN 8427:2010 1.00 x 1072 Not detected
Total aerobic microorganisms ISO 4833-1:2013 - 4.7 x 10?

Note: The wine sample was sent for analysis at the Quartest 3 Testing and Analytical Service Center

— Bien Hoa, Dong Nai (test result sheet KT3-01913BTB4 dated 10/4/2024).
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Figure 4. Banana (Mussa spp.) — Roselle (Hibiscus sabdariffa L._ wine product

4. CONCLUSION

The banana—Hibiscus sabdariffa L. wine
was produced using Saccharomyces cerevisiae
under controlled fermentation conditions. Based
on the Box—Behnken analysis, the most suitable
conditions were an initial TSS of 20 °Brix, a
yeast inoculation level of 2.48%, and a
fermentation time of about 152 hours. Under this
set of parameters, the wine reached an ethanol
level of 9.86% (v/v) and contained 13.09 g/L of
residual reducing sugars. Both the yeast dosage
and the fermentation duration showed clear
effects on sugar utilization and ethanol
formation, supporting an efficient conversion
process and contributing to product stability.

Sensory assessment showed that the wine
had a bright red appearance, a mild aroma, and a
balanced taste, with scores corresponding to an
“above average” rating on the 5-point scale. In
addition, the physicochemical values fell within

the allowable limits for alcoholic beverages
according to national regulations. The findings
suggest that combining banana and Hibiscus
sabdariffa L. offers promise for developing a
tropical fruit wine with commercial potential and
favorable nutritional attributes. Future work may
involve scaling up the process, monitoring long-
term stability, and examining changes in
bioactive compounds during storage and
fermentation.

ACKNOWLEDGEMENTS

The authors thank Dong Nai University of
Technology and the Faculty of Technology for
the facilities and time that made this study
possible. We also appreciate the assistance
provided by the Quartest 3 Laboratory Analysis
Service Center in Bien Hoa, Dong Nai,
particularly their support with the analytical
work and sample testing, which helped us
complete the research.



S6: 02-2026

TAP CHI KHOA HOC VA CONG NGHE DAl HOC CONG NGHE DONG NAl

REFERENCES

Addo-Preko, E., Amissah, J. G. N., & Adjei, M.
Y. B. (2023). The relevance of the number
of categories in the hedonic scale to the
Ghanaian consumer in acceptance testing.
Frontiers in Food Science and Technology,
3,1071216.

Ezemba, C. C., & Archibong, E. (2022). Wine
production from banana (Musa sapientum)
using yeast (Saccharomyces cerevisiae)
isolated from grape (Vitis vinifera). Journal
of Advances in Microbiology, 22(2), 64-71.

Fleet, G. H. (2008). Wine yeasts for the future.
FEMS yeast research, 8(7), 979-995.

Idise, O., & Odum, E. (2011). Studies of wine
produced from banana (Musa sapientum).
Int J Biotechnol Mol Biol Res, 2(12), 209-
214.

Ire, F. S., Okafor, A., & Maduka, N. (2020).
Comparative  Analysis of Red Wine
Produced from Hibiscus sabdariffa I. and
Citrus sinensis Juice Using Saccharomyces
cerevisiae Isolated from Palm Wine and
Different Brands of Commercial Wine.
South Asian Journal of Research in
Microbiology, 8(2), 33-49.

Jolly, N. P., Varela, C., & Pretorius, I. S. (2014).
Not  your ordinary  yeast: non-
Saccharomyces yeasts in wine production
uncovered. FEMS yeast research, 14(2),
215-237.

Malacrino, P., Tosi, E., Caramia, G., Prisco, R.,
& Zapparoli, G. (2005). The vinification of
partially dried grapes: a comparative
fermentation study of Saccharomyces
cerevisiae strains under high sugar stress.

Letters in applied microbiology, 40(6), 466-
472.

Miller, G. L. (1959). Use of dinitrosalicylic acid
reagent for determination of reducing sugar.
Analytical chemistry, 31(3), 426-428.

Nwahia, C. R., & Opara, C. C. (2012).
Production of wine from zobo (Hibiscus
sabdariffa) flower juice. Journal of
Biochemical Technology, 3(4), 436-437.

Ogodo, A. C., Ugbogu, O. C., Ugbogu, A. E., &
Ezeonu, C. S. (2015). Production of mixed
fruit (pawpaw, banana and watermelon)
wine using Saccharomyces cerevisiae
isolated from palm wine. SpringerPlus, 4(1),
683.

Okoro, C. E. (2007). Production of red wine from
roselle (Hibiscus sabdariffa) and pawpaw
(Carica papaya) using palm-wine yeast
(Saccharomyces cerevisiae).

Omole, U., & Oranusi, S. (2019). Wine
production from Hibiscus sabdariffa calyxes
using probiotics starter cultures. 10P
Conference Series: Earth and Environmental
Science,

Swami, S. B., Thakor, N., & Divate, A. (2014).
Fruit wine production: a review. Journal of
Food Research and Technology, 2(3), 93-
100.

Wang, C.-Y., Liu, Y.-W., Jia, J.-Q., Sivakumar,
T. R, Fan, T., & Gui, Z.-Z. (2013).
Optimization of fermentation process for
preparation of mulberry fruit wine by
response surface methodology. African
Journal of Microbiology Research, 7(3),
227-236.



TAP CHI KHOA HOC VA CONG NGHE DAI HOC CONG NGHE PONG NAI S6:02-2026

TOI UU HOA QUA TRINH LEN MEN RUQU VANG CHUOI — ATISO
PO QUY MO PHONG THi NGHIEM

Nguyén Thi Thuy Duyén', Lé Nguyén Nhan Duct, Lé Thi Huynh Nhu',

THONG TIN CHUNG

Ngay nhan bai: 15/09/2025
Ngay nhan bai sira: 30/12/2025
Ngay duyét dang: 20/03/2026

TU KHOA

Chudi;
Hibiscus sabdariffa L.;
Lén men,

Ruou vang.

Truong Tan Trung®, Tran Vin Khanh'*

YTrieong Pai hoc Céng nghé Pong Nai

*Tdc gia lién hé: Tran Van Khanh, khanhtranvan@dntu.edu.vn

TOM TAT

Nghién ctru nay nham téi wu hoa cac diéu kién 1én men dé san
Xuat ruou vang tir hdn hop chudi va Atiso d6 & quy mo phong
thi nghiém. Phuong phap bé mat dap tng (RSM) véi thiét ké
Box-Behnken duoc sir dung dé danh gia anh huéng cua nong do
chat hoa tan tong s6 (TSS) ban dau (18-22 °Brix), ty 1& cdy ndm
men (1-3% v/v) va thoi gian 1én men (120-168 gio) dén ham
lwong duong khir con lai va nong do ethanol trong san pham cudi
cling. Cac thong s6 t6i wu dugc xac dinh gém 20 °Brix TSS ban
dau, ty 1& cAdy nim men 2,48% (v/v) va thoi gian 1én men 152,1
gio, cho san pham ruou co 9,86% (v/v) ethanol va 13,09 g/L
duong khir. Ty 1&6 nAm men va thoi gian 1én men dwoc chimng
minh 13 ¢6 anh huong dang ké dén qua trinh tidu thy dudng va
hinh thanh ethanol. San phiam dugc ddnh gid cam quan va phan
tich cac chi tiéu cho thay san pham dat yéu cau. Két qua nghién
ctru khing dinh tiém ning két hop chudi va Atiso d6 dé phat trién
mot loai ruou vang nhiét doi mai, vira c6 gia tri thuong mai vira
mang dic tinh dinh dudng. Cac nghién ciru tiép theo nén tap
trung vao thir nghiém & quy moé 16n, danh gia d6 6n dinh lau dai
va theo ddi su bién ddi cua cac hop chét sinh hoc hoat tinh trong

sudt qua trinh 1én men.






