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Abstract

Wine is a fermented product of fruit juice. Mulberry and apple juice can also be used to produce wine. Several factors influence
the alcoholic fermentation of the must; therefore, the optimization of the mulberry wine fermentation conditions with the
dry yeast strain Saccharomyces bayanus (concentration varied from 0.15 to 0.25 g/L), fermentation conditions as pH value
(from 3.5 to 4.5), and total soluble solid (TSS) content (24-28°Brix) were performed in this study. To evaluate the influence
of these factors, a Box-Behnken design was used to minimize the number of factor combinations required, which allows the
determination of optimal fermentation conditions (pH, TSS content, and dry yeast concentration) to produce wines with
high alcohol and bioactive compounds (total anthocyanin (TAC) and polyphenol content (TPC)). Based on the analysis of
experimental data, the second-order response surface models were developed to describe the relationship between initial pH
value, TSS, and dry yeast concentration on wine quality acquisition (ethanol content and bioactive compounds). The results
of the analysis of variance (ANOVA) showed that the model setup by response surface quadratic regression was suitable for
predicting the wine quality. It was observed that the quality of the apple-fortified mulberry wine was significantly affected
by all variables. The optimal contents of ethanol, total anthocyanin, and total polyphenol were achieved at 12.97% (v/v),
171.85 mg/L, and 87.17 mgGAE/L, respectively, when fermented in juice medium with optimal values of pH, TSS, and yeast
concentration of 3.9, 26°Brix, and 0.22 g/L, respectively.

Keywords: apple-fortified mulberry wine; S. bayanus; ethanol; bioactive compounds; optimization.

Practical Application: The yeast strain S. bayanus proved to be effective in the production of mulberry wine with the addition
of apples. The product has high contents of alcohol and bioactive compounds, has good sensory value, and is well received by

a large number of consumers.

1 INTRODUCTION

Vietnam has an abundant and rich source of fresh fruits,
but with the tropical climate, it is very difficult to preserve
fresh fruits which are easily damaged during harvesting and
transportation by reducing their quality. Among the fruits with
attractive colors and high contents of nutrients and bioactive
compounds, mulberry is most popular one. Mulberry (Morus
spp.) is a fast-growing, deciduous tree belonging to the Mora-
ceae family. It is long-lived and grows well in provinces such as
Lam Dong, Kien Giang, and An Giang in Vietnam. Mulberry
fruits can be grown in different forms; their foliage has many
uses and positive impacts on environmental safety, including
ecological restoration of degraded land, bioremediation of
contaminated areas, water conservation, and prevention of
soil erosion, and it improves air quality by sequestering carbon
(Rohela et al., 2020). In most localities in our country where
mulberry is grown, the plant is being effectively exploited for
silkworm rearing and food processing such as candy, jam, and
juice. Mulberry fruit contains high levels of vitamins, minerals,

fiber, amino acids, polysaccharides, a variety of polyphenols,
flavonols, phenolic acids, and anthocyanins (You et al., 2018;
Yuan and Zhao, 2017). With high anthocyanin content, the fruit
has pharmacological, antioxidative, anti-diabetic, anti-ath-
erosclerotic, and anti-obesity effects (Chan et al., 2016; Peng
etal., 2011; Thuy et al., 2022a), which reduces excess fat, lowers
cholesterol, improves the ratio of LDL (bad) to HDL (good)
cholesterol, and potentially helps prevent fatty liver disease (Liu
etal., 2009; Wu et al., 2011). Therefore, efficient use of fruit for
different processing techniques is also important to increase
sustainability, increase crop value, and meet the diverse food
needs of consumers.

Besides, apples are widely consumed in all countries of the
world, which are very popular because of their taste, juiciness,
and nutritional content. In addition, they are available year-
round on the market, relatively low in price, and considered
healthy foods. A total of 20 polyphenolic compounds were
identified in all studied apples (Kschonsek et al., 2018). Due to
the antioxidant capacity of polyphenols, combining mulberry
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and apple for wine fermentation is a matter of interest in our
research, positively supporting fermentation, protecting antho-
cyanins of mulberry, and improving fermentation and health
support of the user. In addition, natural anthocyanin pigments
and co-pigments (e.g., polymers, phenolic compounds, and
carbohydrates) form non-covalent complexes that stabilize and
regulate color in a wide variety of plants, fruits, and foods de-
rived from them, such as wine, jam, juice, and syrup products
(Gengdag et al., 2022; Tai & Thanh, 2020).

Fermentation of apple-fortified mulberry wine can be
considered a relatively efficient preservation process, using
less energy, increasing shelf life, and reducing the need for
cold storage systems. This technique is very suitable for use
in developing countries where access to modern equipment
is limited. Fermentation is a viable technique in developing
new products with altered organoleptic and physicochemical
properties, especially in terms of taste and nutritional compo-
sition. Currently, the wine market is also moving toward di-
versification by evolving from different valuable ingredients
through more traditional or modern techniques, along with
alternative fruit or vegetable ingredients. The wine industry
is popular in different regions of the world (Maicas & Mateo,
2020). To date, many wine production studies have used Sac-
charomyces cerevisiae, a yeast isolated or commercially avail-
able. The study on the change and correlation between phenol
and product quality of mulberry wine fermented with Lac-
tiplantibacillus plantarum in combination with S. cerevisiae
was performed by Hu et al. (2021). A study on chemical com-
position and sensory value of mulberry wine fermented with
yeast strain S. cerevisiae was carried out by Tao et al. (2017).
However, very few studies have used the yeast strain Saccha-
romyces bayanus. S. bayanus is now accepted as the result
of multiple hybridization events between three purebred
species, namely, Saccharomyces uvarum, S. cerevisiae, and
Saccharomyces eubayanus (Libkind et al., 2011). The hybrid
strains seem to be well adapted to the stressful conditions
(low pH, high sugar concentration, and ethanol content)
that occur during wine fermentation (Belloch et al., 2008).
In addition, their enology has confirmed their interest-
ing properties in wine making (Gonzélez et al., 2007). S.
bayanus is also the only species of the genus that can grow
in vitamin-deficient conditions (Batt and Tortorello, 2014).
The yeast S. bayanus has a distinctive organoleptic fla-
vor that it imparts to wines (Mufioz-Bernal et al., 2016).
Eglinton et al. (2000) stated that strains of S. bayanus could
induce a different organoleptic characteristic in wine when
compared with a widely used yeast S. cerevisiae. Januszek
et al. (2020) suggested that S. bayanus uses up its carbon
source to produce more potent volatile compounds than S.
cerevisiae. S. bayanus produces large amounts of 2-phenyleth-
anol, ethyl lactate, 2-phenylethyl acetate, and other acetate
esters (Gamero et al., 2014; Tosi et al., 2009). The objective
of this study is to effectively utilize ripened mulberry fruit
grown in An Giang Province, Vietnam and to establish an
optimal fermentation condition for apple-supplemented mul-
berry wine by varying pH value, total soluble solid (TSS)
content (Brix degree), and S. bayanus yeast concentration
using a Box-Behnken design.

2 MATERIALS AND METHODS

2.1 Sample preparation

Ripe mulberries (Morus nigra) were collected from fruit
orchards in Chau Phu district, An Giang Province. After col-
lection, raw materials were selected; only intact fruits were
selected, while the damaged and crushed fruits were removed.
The fruits were washed with clean water, drained, quantified,
put in PA bags, and stored in the freezer at <-10+2°C for study.
For wine making, mulberry fruit was removed from the freezer
and soaked in warm water (40-50°C) with a fruit:water ratio of
1:1. Then, the filtration was carried out to obtain mulberry juice.

Apples (Fuji) were purchased from supermarkets.
Riped, attractive bright colored, and shiny skinned apples were
selected for this study. After collection, they were washed, dried,
and stored in a refrigerator (3-5°C) for the research. For wine
making, apples were finely chopped (both the flesh and the skin).
Water was added at the ratio of 1:1 (fruit:water), followed by the
addition of pectinase with a concentration of 0.2% (according to
the total weight of the fruit and water added) and the mixture
was incubated for 2 h (Thuy et al., 2011), filtered, and recovered
to obtain the apple juice.

2.2 Yeast strain

The dried yeast S. bayanus emulsifier, sorbitan monostea-
rate (E491) (France), was used to ferment mulberry fruit juice
at ambient temperature (281+2°C). Yeast was activated in 5%
glucose solution at 35-38°C (according to the manufacturer’s
instructions). The solution was stirred well to avoid lumps and
allowed to stand for 15 min.

2.3 Effect of combined apple juice on the quality of
apple-fortified mulberry wine

To prepare for alcoholic fermentation, apple juice was added
to the mulberry juice in concentrations ranging from 100 to
350 mL/L. Then, water was added to the mixed juice with the
ratio of 3:1. Sugar and pH were adjusted to 26°Brix (by refined
sugar) and pH 4 (by NaHCO,). Notably, 100 ppm of sodium
metabisulfite (Na,S,0,) was added to the mixed juice for about
2 hin order to inhibit microorganisms that are not conducive to
alcohol fermentation. The fixed dry yeast concentration of 0.15%
was added after activation (as mentioned above). The product
was analyzed for quality after 12 days of fermentation, as well
as for alcohol and bioactive compounds. Sensory evaluation
of the product was also performed concurrently. The product
chosen from this experiment (with a proper combination of
mulberry and apple juice) was further studied to optimize the
conditions affecting fermentation, such as pH, TSS content, and
concentration of yeast S. bayanus used.

2.4 Optimization of fermentation conditions (pH value, TSS
content, and dry yeast concentration)

The factors investigated in this experiment included pH val-
ue (X,), TSS content (X)), and the percentage of yeast S. bayanus
(X,) (Table 1). The apple-fortified mulberry wine fermentation
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optimization was experimentally designed using a Box-Behnk-
en model with 18 experimental units and 6 central points.
Each experiment was repeated three times.

2.4.1 Fruit wine fermentation

To prepare alcoholic fermentation, apple juice was added
at a selected ratio from the previous study. The mixed juice
was adjusted for Brix (with fine granulated sugar) and pH (not
adjusted if required pH was reached or adjusted with NaH-
CO, to increase pH) according to the experimental arrange-
ments. Notably, 100 ppm of sodium metabisulfite (Na,S,0O,)
was added for approximately 2 h and the dry yeast S. bayanus
was supplemented with different concentrations following the
experimental setup. The mixture was stirred slowly until the
sugar dissolved completely. The activated yeast was added to
the fermenter slowly so that it was gradually acclimatized to
the fermentation environment. Apple-fortified mulberry wine
fermentation in 30 L fermenter tank with stopper and spout and
white polypropylene as synthetic material is specialized for food
(Enolandia, Italy). Each treatment was repeated three times.
The analytical parameters during fermentation were ethanol (%
v/v) and bioactive substances such as total anthocyanins (mg/L)
and total polyphenols (mgGAE/L).

2.4.2 Wine quality analysis

Samples were taken after 12 days of fermentation. A dis-
tillation system was used to separate volatile and non-volatile
components in alcohol samples. The alcohol content of the
resulting distillate was then readily measured by hydrome-
try using an alcohol hydrometer of appropriate proportions.
The measurement was influenced by temperature; therefore,
the temperature was measured and the observed reading was
corrected using the published tables. The samples are usually
measured at 25°C for alcohol content.

Total anthocyanin content (TAC) was determined by pH
differential method by measuring absorbance at pH 1.0 and 4.5
using a UV-vis spectrophotometer (Cary 60 UV-Vis spectropho-
tometer, USA) (Thuy et al., 2022b). Total polyphenol content

Table 1. Factor levels used for optimization.

(TPC) was determined by the Folin-Ciocalteu method (Hossain
etal., 2013). Chromatometer CR-400 (USA) was used to observe
the color of wine products after fermentation.

2.5 Multiple regression analysis

Multiple regression was applied on the entire data set to
derive a relationship between response/dependency (ethanol/
total anthocyanin/total polyphenol) and multiple indepen-
dent variables (pH value, TSS, and dry yeast concentration).
Multiple regression was applied on the entire data set to derive
a relationship between a response/dependency and multiple
independent variables. The following quadratic polynomial
equation (Equation 1) is used in this case:

Y=B°+Z?=1Bixi+2?:16iixi2+Z?=1 }'1:15inin (1)

where:
Y: a dependent variable;
X: an independent variable;

B, B, B, and Bij: the regression coefficients.
3 RESULTS AND DISCUSSION

3.1 Effect of apple juice supplement on some physicochemical
and sensory properties of combined wine products

Adding apple juice to mulberry juice during fermentation
has positively changed some quality parameters of wine prod-
ucts. Product quality was analyzed after 12 days of fermentation
and is presented in Table 2.

3.1.1 Ethanol

With the addition of different percentages of apple juice,
ethanol content tended to increase slightly, probably because
apples contain many nutrients that are good nutritional support

Factors Levels

Coded -1 0 1
pH X, 3.5 4 45
TSS content (%) X, 24 26 28
Dry yeast concentration (g/L) X, 0.15 0.2 0.25

Table 2. Some physicochemical parameters of mulberry wine with different ratios of apple juice added.*

Ratio of apple juice added (mL/L) Ethanol (% v/v) Total ?::;;jyanln To:iig éljirg?f;l ol Color (L value)
0 12.25% 171.89* 83.01* 18.53¢
100 12.30* 172.05* 84.88° 18.25*
200 12.60% 172.21* 88.74¢ 19.24°
300 13.10° 175.37° 89.61¢ 18.98°
400 13.15° 175.03° 102.40¢ 19.38°

*Means with the same letters represent no significant difference (P>0.05).
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for yeast growth. With the addition of 30 mL/L of apple juice,
the ethanol content in the product was high (13.10% v/v) and
significantly different from the control sample (12.25% v/v);
however, no significant difference was noted in the ratio of
300 and 400 mL/L apple juice supplementation (Table 2).
Apple juice contains many forms of sugars such as fructose,
glucose, and sucrose. Given the high fructose content present
in apple juice, the selection of a fructose-favoring yeast strain
could have important implications for the cider industry (Wang
et al., 2004). Some studies also show that cider is a fermented
product from apples and it uses a popular strain of yeast S.
bayanus (Hoff, 2012; Magalhaes et al., 2017).

3.1.2 Bioactive compounds

The content of bioactive compounds (TPC and TAC) in-
creased with increasing apple juice intake, especially for TPC.
TPC was found to increase gradually from 2.25 to 23.36% when
apple juice was added from 10 to 40% and was significant-
ly different (P£0.05) from the control sample (without apple
juice). This difference is due to the fact that apples contain
high polyphenol content (skin: 3.25 mg/g and fruit pulp: 1.68
mg/g), so when the ratio of apple juice is increased, this con-
tent in wine also increases (although about 30-35% of poly-
phenols are lost during fermentation). However, there was no
significant difference in TAC with increasing apple juice ratio.
After fermentation, the TAC content varied from 0.09 to 1.83%
while increasing the percentage of apple juice added ranging
from 10 to 40%. This result is probably due to the fact that the
apple juice is taken with both the skin and the flesh, the peel con-
tains 125.15 pg/g TAC, and the pulp contains about 52.80 ug/g
TAC, so it did not reduce this content in the finished product.

3.1.3 Color

The color of the wine is slightly brighter as the percentage
of apple juice increases. However, as the color of mulberry juice
is very dark, it is not possible to see a significant difference by
increasing the amount of apple juice, and only when the per-
centage of about 20-40% of apple juice is added, the brighter
color is noted, but there is no significant difference between
these three ratios (as indicated in Table 2 and Figure 1).

3.2 Optimization of fermentation conditions on
mulberry wine quality

3.2.1 Ethanol content

Optimization was performed according to the response
surface method (RSM). The factors of pH (X ), degree of Brix
(X,), and dry yeast concentration (X,) affect the ethanol con-
tent. The statistical results showed that the P-values of both
the independent and interacting variables are less than 0.05,
showing a high level of significance of these components shown
in the equation (Table 3). However, it is also easy to see that the
X X, interaction does not affect the ethanol content when the
expressed P-value is greater than 0.05 (P=0.356).

The model fitting was also evaluated through the P-value
oflack-of-fit. A good correlation model needs a goodness-of-fit
between the actual data and the model’s predictions, so a model
built with the lack-of-fit test that has no statistical significance
is desirable (Van Tai et al., 2021; Thuy et al., 2022a; Thuy et al.,
2022b). From the data analysis, it is also showed that lack-of-fit
did not show statistical significance (0.1184), so the model fitting

W e

. g 4 | F
Figure 1. Mulberry wine: (A) control samples (without apple juice)
and (B) sample supplemented with 30% apple juice.

Table 3. Analysis of variance (ANOVA) for the regression response surface model for ethanol content

Sources Sum of Square dF Mean Square F value P-values Significant
X, 57.1651 1 57.1651 219.88 0.0000 e

X, 1.51504 1 1.51504 5.83 0.0203 *

X, 7.1177 1 7.1177 27.38 0.0000 A

XX, 30.9792 1 30.9792 119.16 0.0000 e

XX, 1.62067 1 1.62067 6.23 0.0166 *

XX, 0.226875 1 0.226875 0.87 0.3557 Not significant
XX, 5.94983 1 5.94983 22.89 0.0000 e

XX, 1.74803 1 1.74803 6.72 0.0131 *

XX, 7.61114 1 7.61114 29.28 0.0000 e
Lack-of-fit 1.61829 3 0.539431 2.07 0.1184 Not significant
Pure error 10.6593 41 0.259982

R?=90.86% R? (adjusted for d.f.) = 88.99% Standard Error of Estimation = 0.51

X,: pH value; X: TSS (°Brix); X,: dry yeast concentration (%); *significant difference and **extremely significant difference at P<0.05.
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was high, with the correlation coefficient R?=90.86% and the
adjusted (Adj.) R*=88.99% with a low standard error (SE=0.54),
showing a high degree of compatibility between experimental
data and theoretical data. When eliminating the insignificant
interaction (X X,), the final regression equation shows the rela-
tionship between ethanol content and three variables according
to the quadratic model of the Box-Behnken design for the
fermentation (Equation 2) (R?* = 90.69%; R3,; = 89.03% ; standard
error of the estimate (SEE)=0.51).

v
Ethanol (%;) = —204.36 + 42.76X, + 7.93X, + 232.13X; — 6.15X? + 0.37X,X, — 0.17X2
— 3.82X,X; — 305X2 2)

The response surface models presented in Figure 2 showed
that the factors pH, Brix, and yeast percentage affect the ethanol
content. When the pH values, Brix, and yeast percentage in-
crease, the ethanol content increases, but when the pH is raised
too high, the sugar content in the fermentation broth is also
too high, and the number of yeasts is large, the ethanol con-
tent tends to reduce. In this study, when the pH was increased
from 3.5 to 4, the alcohol content tended to increase marked-
ly but then did not seem to increase anymore at higher pH.
In general, a low initial pH prolongs yeast lagging, affects cu-
mulative mass loss, changes the rate of total sugar consump-
tion, increases final acetic acid and glycerol content, and reduces
the final content of ethanol (Liu et al., 2015). At high pH, the

Ethanol (%)
8.79.2
I 9297
9.7-10.2
10.2-10.7
10.7-11.2
11.2-11.7
117122
. 122-127
12.7-13.2
132137
B 13.7-142

Ethanol (%)

=
o

132

Ethanol (%)

C

harmful bacteria can be grown, causing competition and inhib-
iting the yeast growth and development. Fruit juice with suitable
pH can improve alcohol stability, inhibit bacterial growth, and
also facilitate sugar fermentation (Ribéreau-Gayon et al., 2006).
Normally, yeast grows at pH 2-8, but most of the yeasts grow
very well between pH 4.5 and 6.5 (Yalcin & Ozbas, 2008).
However, previous studies have also suggested that the pH rang-
ing from 2.75 to 4.25 is also considered an important factor
for the survival and growth of yeast (Fleet and Heard, 1993).
The suitable pH for the growth and yeasts depends on many
factors such as yeast strain, environmental composition, and fer-
mentation conditions (time and temperature). Reddy and Reddy
(2011) studied alcoholic fermentation from mango and showed
that ethanol changed with pH change of mango juice. The results
of this study showed the lowest concentration (5% v/v) of ethanol
when produced at pH 3.0 and the highest (7.8% v/v) at pH 5.0.

Sugar is an essential substrate for fermentation, so it greatly
affects the ethanol content. Yeast has the ability to ferment sugar
into alcohol, so the alcohol level is high or low depending on
the sugar content used in the fermentation solution. The higher
the sugar concentration, the more the alcohol production (Attri,
2009). However, high sugar content will increase osmotic pres-
sure and unbalance the physiological state of yeast, adversely
affecting the fermentation process. If the sugar content is too low,
there will not be enough substrate for the yeast to work, which
will reduce the fermentation efficiency. Sugar concentrations
from 200 g/L to 300 g/L reduced the growth rate of S. cerevisiae,

Ethanol (%)
8792
. 0297
1 97102
S B 102107
S 107-11.2
g 12 11.2-117
£ » . 17122
26w 122127
10 O'?QI‘“ 127132
By g M w2
Brix e W 137142
B
Ethanol (%)
8.79.2
B 9.29.7
9.7-10.2
10.2-10.7
10.7-11.2
11.2-11.7
026 I 117-122
= 2O 122127
i 0'2:.619 127132
45 04 x°°° 132137
\1@% B 13.7-142

Figure 2. Correlation between variables: (A) Ethanol content (% v/v) with pH and TSS (%) (With a fixed yeast concentration of 0.2 g/L); (B)
Ethanol content (% v/v) with TSS (%) and dry yeast concentration (at a fixed pH of 4); (C) Ethanol content (% v/v) with pH and dry yeast con-

centration (TSS is fixed at 26%).
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as reported by D’Amato et al. (2006), who found that the growth
rate was lowest at higher glucose concentrations.

As the concentration of yeast (g/L) increases, the fermen-
tation rate also increased until the optimum level was reached.
Atlow yeast concentrations, the ability to continue budding and
the time to reach the norm is very long, which will affect the
activity and metabolism of yeast. However, when the amount
of yeast is high, they can compete for nutrients, affecting the
fermentation process. Therefore, when the yeast ratio is between
0.15and 0.25 g/L, the ethanol content is not higher than the 0.2
g/L of dry yeast used.

Pareto charts (Figure 3) was used to determine the mag-
nitude and importance of effects. On this chart, the bars rep-
resenting the factors X, X, and X, and their interactions cross
the reference line at 1.99, so these factors and interactions have
statistical significance at the 0.05 level with the current model
conditions, except for the X X, interaction. The standardized
Pareto chart for ethanol also showed that pH has the greatest
influence on the alcoholic fermentation of S. bayanus accord-
ing to the linear equation (X,) and quadratic equation (X,X,).
The other two variables, namely, sucrose and yeast also have
a similar but relatively less significant effect. The interaction
between pH and yeast content (X X,) was not significant
for that response. The optimal ethanol content found from
the model was 13.62% (v/v) corresponding to pH, Brix, and
yeast concentration of 4.24, 25.7%, and 0.22 g/L, respectively.
By substituting the empirical values of the variables into Equa-
tion 2, the ethanol content can be predicted. It can be seen that a
high compatibility has been achieved between the experimental
data and the calculated results from the model.

3.2.2 Total anthocyanin content

The influence of factors on the TAC of wine after fermen-
tation was also examined. The ANOVA panel statistical signifi-
cance of each effect was checked by comparing the mean squared
with an estimate of experimental error. In this case, eight effects
have P-values less than 0.05 (from ANOVA for TAC was per-
formed), showing that they are significantly different at the 95%
confidence level. However, the X X, interaction also shows no
significance when the P-value is greater than 0.05 (P=0.402).
Since the P-value of lack-of-fit is 1.0 in the ANOVA table, which
is larger than 0.05, the model appears to be adequate for the ob-
served data at the 95% confidence level. R-squared and adjusted

X | \
XiXy
X3X3
X3

XX,
X2X3
XiX,
XZ

X,X; | [l

0 3 6 9 12 15
Standardized effect

Xﬁ rH; XZ: Brix; XS: dry yeast concentration.

Figure 3. Standardized Pareto chart for ethanol.

R-squared with values of 98.78% and 98.53% showed that the fit
model explained more than 98% of the variation in TAC with
the SEE, showing that the standard deviation of the residuals is
0.583. The second-order polynomial model equations for TAC
with pH (X)), TSS (X,), and dry yeast concentration (X,) are
shown in Equation 3 (R*=98.76%; R%,; = 98.54% ; and SEE=0.58).

TAC (mg/L) = —1049.24 + 18.71X, + 88.21X, + 371.99X; — 4.72X2 + 0.45X,X, — 1.69X2
— 5.28X,X; — 539.78X2
(3)

The Pareto plot (Figure 4) shows that the bars representing
the variables X, (pH), X, (°Brix), and X, (dry yeast concentra-
tion) and their interactions cross the reference line at 2.006,
so all the three factors and their interactions are statistically
significant at the 0.05 level, except for the X X, interaction.
It was observed that sugar (as TSS) had the greatest influence
on TAC in wine when fermenting with yeast strain S. bayanus,
then pH and least affected is yeast. In this study, according to
statistical analysis, the sugar (sucrose) concentration of 26%
had a protective effect on anthocyanins, but at higher concen-
trations this effect was reduced. Sucrose protects anthocyanins
from degradation during fermentation, preventing browning,
and the formation of polymeric pigments, which may be due
to inhibition of enzymatic reactions or interference with oth-
er condensation reactions of sucrose (Wrolstad et al., 1990).
Therefore, it is necessary to use sugar effectively for the fermen-
tation process to create high alcohol content and maintain the
anthocyanin content of the product.

The higher the pH of the initial fermentation broth,
the lower the anthocyanin content in the strawberry juice.
Most anthocyanin pigments are highly stable under acidic versus
basic conditions and degradation occurs at higher pH (Khoo
etal., 2017). Sui et al. (2014) also suggested that anthocyanins
are pH dependent. Using Optimize Response, the highest (op-
timal) anthocyanin content value was found from the model,
which was 173.82 mg/L when the initial fermentation broth had
pH of 3.5, Brix degree of 26.17, and dry yeast content of 0.22%.

3.2.3 Total polyphenols

The ANOVA table was also performed in the case of TPC
(full data not provided here). This analysis tested the statistical

XX,
X,
X,
X3X5
X3
XX
XXs
XX,
XX | 1l

0 10 20 30 40 50
Standardized effect
Xl: pH; Xz: Brix; X3: dry yeast concentration.
Figure 4. Standardized Pareto chart for anthocyanin.
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significance of each effect by comparing the mean square with
an estimate of experimental error. In the case of analysis for
TPC, 8 effects had P-values less than 0.05, indicating that they
were significantly different from 0 at 95% confidence. There is
only one effect (X X,) with a P-value greater than 0.05 (0.4022).
From the ANOVA analysis, the P-value of lack-of-fit is greater
than 0.05 (P-value of lack-of-fit=1), so this model seems to agree
with the observed data at 5% significance level (95% confidence
level). The R-squared statistics showed that the model was well
established and explained 98.78% of the variation in the TPC.
The adjusted R-squared statistics with a value of 98.53% is more
suitable when comparing models with different numbers of
independent variables. The SEE showed that the standard de-
viation of the residual is 0.583. After removing the insignificant
interaction (X X,), the quadratic polynomial model equation
for TPC in terms of pH (X ), TSS (X,), and dry yeast concen-
tration (X)) is given in Equation 4 (R* = 98.76%; R},; = 98.54%
; and SEE = 0.583).

TPC = —1133.92 + 18.71X; + 88.21X, + 371.99X; — 4.72X? + 0.45X, X, — 1.69X?
— 5.28X,X5 — 539.78X2
(4)

The Pareto plot shows the bars representing the variables
X, (pH), X, (°Brix), and X, (dry yeast concentration) and
their interactions cross the reference line at 1.929, and all
three factors and their interactions are statistically significant
at the 0.05 level, except for the X X, interaction (Figure 5).
Sugars and acids show the greatest influence on TPC in wine
and the least effect on yeast. The optimal TPC value obtained
from the model (Equation 4) is 89.14 mgGAE/L when the
pH of the initial fermentation is 3.5, the Brix is 26.17, and

—— Ethanol
— TAC
— TPC

St IR RN AR AR

the dry yeast content is 0.216% using Optimize Response
from Statgraphic.

3.2.4 Optimization and Validation of Process

The fitted model for all three responses was reliable within
the region of the experiment based on the results of ANOVA. So,
concurrent optimization for all responses can also be performed
using overlapping histograms (Figure 6). It was observed that
the optimal conditions of pH, TSS, and yeast concentration are
3.93, 26°Brix, and 0.22 g/L, respectively, giving the maximum
estimated value for ethanol, TAC, and TPC of 12.97% (v/v),
171.85 mg/L, and 87.17 mgGAE/L, respectively.

Validation testing was performed to determine the accuracy
and reliability of the built prediction models. In addition, the
difference between the experimental value and the estimated
value from the optimal conditions is also considered.

The results presented in Table 4 show that the experimental
ethanol and TAC concentrations were slightly higher than the
predicted values, 1.77% and 0.76% respectively, but still within
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Figure 5. Standardized Pareto chart for TPC.

0.26 F 3

[ ] — Ethanol
0.24

r 1 — TAC
022 F

| 4 — TC

yeast conc. (%)
S =
(==} o

=
>

014 £ NS : ‘ :
35 3.7 3.9 4.1 43 45

026

Yeast conc. (%)
(=3 (=3 (=) (=1
N oo o [ i

; :

=
=

—— Ethanol
— TAC
— TPC

C Brix

o
=2
o
o

Figure 6. Overlay plot for optimal area: (A) dry yeast concentration 0.2 g/L; (B) TSS content 26%; (C) pH 4.
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Table 4. The criteria used to optimize with the predicted value and the empirical value of the responses*.

Constraints Goal Lower limit Upper limit Predicted values Empirical values

pH In range 3.5 4.5 3.93 -

TSS (°Brix) In range 24 28 26.08 -

Dry yeast concentration (g/L) In range 0.15 0.25 0.218 -

Ethanol (% v/v) Maximize 8.22 13.93 12.97 13.240.5

TAC (mg/L) Maximize 156.28 173.33 171.85 173.1518.5

TPC (mgGAE/L) Maximize 71.6 88.65 87.17 86.33+3.8
*MeanzSD.

the allowable limits. While TPC was found to be slightly below
the predicted value with the calculated data approximately to
1%, it is likely that this content is susceptible to oxidation during
alcohol preparation and fermentation.

4 CONCLUSION

Mulberry wine with apple addition showed higher concen-
trations of ethanol and bioactive compounds than fermentation
with mulberry juice alone. RSM has been used successfully in
optimizing fermentation conditions. RSM’s Box-Behnken de-
sign has been shown to be effective in determining the optimal
region in the test region. Optimization conditions of various
input variables such as pH, TSS, and dry yeast concentration
were found, which, upon validation, showed a high content of
alcohol and bioactive compounds. The results obtained may
contribute to enhance wine development from locally abundant
fruit ingredients, containing high concentrations of phytochem-
ical compounds with attractive organoleptic properties.
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