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Abstract The objective was to study the optimization of
fermentation conditions for fermented green jujube wine
and quality analysis. This study investigated the fermen-
tation process conditions, the changes in physicochemical
indexes, antioxidant capacity and volatile compounds
measured from green jujube wine during winemaking. The
optimized conditions (the initial sugar, yeast addition,
fermentation time and SO, treatments) for green jujube
wine were 24%, 0.3%, 8 d, 80 mg/L, respectively. The
results showed that the variation trend of different sub-
stances in green jujube wine in different fermentation
periods were different. In the process of alcohol fermen-
tation, the green jujube wine had a high 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging ability,
2,2'-amino-di (2-ethyl-benzothiazoline sulphonic acid-6)
ammonium salt (ABTS) free radical scavenging ability and
reducing power. Furthermore, a total of 50 volatile com-
pounds were identified in green jujube wine, in which the
relative content of aldehydes, ketones, heterocyclic and
aromatic compounds were significantly reduced after
fermentation.
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Introduction

Jujube (Ziziphus jujuba Mill.) belongs to the Rhamnaceae
family, which has a history of 4000 years in China (Li et al.
2007). Jujube fruits are one of the most popular fruit
consumed in Asia for its potential nutritional and
nutraceutical values such as carbohydrate, phenolic com-
pounds, saponins, alkaloids and triterpenoid acids (Song
etal. 2019; Li et al. 2011) and it has the effect of increasing
immunity, preventing cardiovascular diseases, preventing
cancer and anti-oxidation (Zhang et al. 2010; Wang et al.
2015; Guo et al. 2018). The chemical composition of
jujube fruit varies with local of cultivation, variety, and
stage of maturity (Wang et al. 2018). The mature stages of
jujubes were divided into white maturity, half-red maturity
and red maturity (Wang et al. 2016). Furthermore, the free
fraction of jujube at white maturity stage had the supreme
total phenolic content (TPC), total flavonoid content
(TFC), total phenolic acid contents, and antioxidant
capacities (Wang et al. 2016). It was evident that white
maturity green jujube had a high utilization value. The
planting area of jujube have increased and the annual
output has increased year by year in China. Therefore, it is
urgent to adopt new ideas and develop new products to
change the depressed status of jujube industry.

Moderate drinking of fruit wine contributed to beneficial
effects, such as reduce risk of cardiovascular diseases and
lower cognitive function losses (Neafsey and Collins
2011). Fermentation not only preserves a lot of nutrients in
the fruit, but also gives it a rich taste and flavor. The flavor


http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-021-05013-8&amp;domain=pdf
https://doi.org/10.1007/s13197-021-05013-8

J Food Sci Technol (January 2022) 59(1):288-299

289

composition of jujube wine varies with its variety, fer-
mentation strain and technological conditions. With the
rapid development of analytical detection technology, the
aroma has become an important field in food research.

Some authors had focused on processing research and
biological activities of functional components in red
maturity jujube. Previously, jujube wine was always pro-
duced using red maturity jujube. Eom et al. (2016) have
evaluated the changes in physicochemical and antioxidant
characteristics in the fermentation process of jujube wine
using hot water extract of dried jujube. The results showed
that the fermented jujube wine had significant antioxidant
activity. Guo et al. (2018) have studied the chemical and
aroma component of jujube alcohol beverage fermented
with T. delbrueckii with/without enzymatic hydrolysis
treatment. The results manifested that enzymatic hydrolysis
elevated the aroma substances of jujube alcoholic bever-
age. Based on present scientific literature, there was no
report on the production of green jujube wine. Therefore,
the purpose of this research was to systematically optimize
the fermentation process of green jujube wine, and to study
the changes of various chemical components, antioxidant
capacity and volatile substances of the optimized green
jujube wine. We hope that the consequences of this study
will provide scientific evidence for green jujube wine
winemaking.

Materials and methods
Raw materials and chemicals

Green jujubes (Zizyphus jujuba cv. Muzao) were collected
from in Lvliang city of Shanxi province, China in
September 2018. Intact fruits of similar shape and size
were collected without any physical injuries. The samples
were transported to the lab and frozen at — 20 °C. Brewing
highly active dry yeast was purchased from Angel Yeast
Co., Ltd (Hubei, China). L-ascorbic acid (purity > 99.7%),
3,5-Dioitrosalicylic acid, potassium ferricyanide and
potassium persulfate were obtained from Tianjin Guangfu
Technology Development Co., Ltd (Tianjin, China). Gallic
acid (GA), 1,1-diphenyl-2-picrylhydrazyl (DPPH), and 2,2-
azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) were provided from Shanghai Yuanye Bio-Tech-
nology Co., Ltd (Shanghai, China). 2,6-Dichloroindophe-
nol sodium salt (purity > 95%) was obtained from
Shanghai Ica Biotechnology Co., Ltd. (Shanghai, China).
The Folin-Ciocalteu reagent was provided from Hefei
Bomei Biotech Co., Ltd. (Anhui, China). Other reagents
used were of analytical grade.

Green jujube wine preparation

Jujube pit was separated from the green jujube fruits. The
ratio of the green jujube pulp and water was 1:2 (w/v), and
softened in water bath at 90 °C for 810 min. Then, it was
hydrolyzed with pectinase of 0.3% at 40 °C for 3 h.
Enzyme solutions speed up juice filtration and promote
clarification. Green jujube juice was collected by juice
filtration with a laboratory JJ-2B tissue masher (Ronghua
Instrument Manufacturing Co., Ltd., Jiangsu, China) and
then filtrated through gauze. The obtained green jujube
juice (soluble solid content, (SSC), 9.8°Brix; pH value,
3.81) of approximately 5 L was stored in — 18 °C storage
chamber until the analysis. Yeast activation: the dry yeast
is activated for 15-30 min with more than 5 times 2%
sugar water during the 35-38 °C.

SSC of green jujube juice was adjusted to suitable sugar
in a 500 mL glass fermentation cylinder. Potassium sul-
phate (80 mg/L) was added to the sterilized juice. The
method of pasteurization was used to sterilize green jujube
wine. The heating temperature was controlled at 80 °C and
the time was 15 min. After addition of the activated yeast
at suitable ratio, fermentation was started and temperature
was kept at 24 £+ 1 °C throughout the fermentation pro-
cess. Owing to the fermentation temperature has little
effect on the test results, the fermentation temperature of
the green jujube wine was selected as 23-25 °C (Liu et al.
2018). After 8 days, the wine started post-fermentation,
and the suitable temperature was around 20 °C for
1 month. The wine was transferred to a new glass vessel
and placed in dark and at room temperature for 1 month
and 2 months for aging. Wine samples were prepared on
the main fermentation stage (day 0, 2, 4, 6 and 8), post-
fermentation (day 38), aging 1 month (day 68) and aging
2 months (day 98) and then sealed and stored at — 20 °C
until analysis.

Experimental design

A preliminary investigation of the factors affecting the
taste and quality of fermented greengage wine was con-
ducted using single factor experiments, including the initial
sugar, yeast addition, fermentation time and SO, treat-
ments. The factors chosen were the initial sugar (18, 20,
22, 24 and 26%), yeast addition (0.1, 0.2, 0.3, 0.4 and
0.5%), fermentation time (day 3, 5, 7, 9 and 11) and the
content of sulfur dioxide SO, (0, 40, 80, 120 and 160 mg/
L) and played a significant effect on the wine quality.
Twenty-nine experiments were performed according to
the Box-Behnken center-united experimental design prin-
ciples with 4 factors and 3 levels for each variable. As
shown in Table 1, the independent variables applied in the
experimental design were the initial sugar (20, 22 and
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Table 1 The test and results of the response surface of the green jujube wine

Run Independent variable Response
The initial sugar Yeast addition Fermentation time SO, treatment (mg/ Alcohol content (% (v/ Sensory evaluation
(%) (%) (d) L) V) (scores)

1 20 0.3 7 40 13.0 79
2 24 0.3 7 40 15.5 82
3 20 04 7 80 13.0 72
4 22 0.3 9 120 13.0 80
5 20 0.3 7 120 13.7 69
6 22 0.2 7 40 12.3 77
7 20 0.2 7 80 12.0 77
8 20 0.3 9 80 12.8 78
9 24 0.3 5 80 15.0 83
10 22 0.4 7 40 13.8 78
11 22 0.3 5 120 14.2 68
12 24 0.2 7 80 14.0 84
13 22 0.3 7 80 14.6 84
14 22 0.3 7 80 14.7 84
15 22 04 7 120 13.0 75
16 20 0.3 5 80 14.0 71
17 24 0.4 7 80 14.2 84
18 22 0.3 9 40 13.1 78
19 22 0.2 9 80 11.9 76
20 22 04 5 80 13.5 69
21 22 0.2 5 80 13.8 78
22 22 0.3 7 80 14.7 82
23 24 0.3 7 120 14.5 86
24 22 0.2 7 120 13.5 76
25 22 0.3 5 40 14.5 79
26 22 0.4 9 80 13.8 85
27 24 0.3 9 80 14.9 89
28 22 0.3 7 80 14.5 82
29 22 0.3 7 80 14.5 85

24%), yeast addition (0.2, 0.3 and 0.4%), fermentation time
(day 5, 7 and 9) and the content of sulfur dioxide SO, (40,
80, and 120 mg/L), consistent with the coded levels (— 1,0
and 1), (— 1,0and 1), (— 1,0 and 1) and (— 1, 0 and 1),
respectively. The response factors were the crucial bio-
chemical indicators, namely alcohol content (% (v/v)) and
sensory evaluation (scores). The polynomial regression
equation was described the second-order response as
function of the experiments. The quadratic polynomial
model fitted to each response value was as follows:

Y = Bo+ BiXi + BoXo + B3Xs + BuXa + BoXi Xo + B13X1 X5 + BraXiXat
B3 XaXs + BoaXoXa + BraXsXa + B1iX7 + BoaX5 + Pr3X5 + PasXs

(1)

where X, X,, X3 and X, are the independent variables for
the initial sugar (%), yeast addition (%), fermentation time

@ Springer

(d) and SO, treatment (mg/L), respectively; By = constant,
B123.4 = linear coefficient, P15,13.142324.34 = interaction
coefficient, and By 223344 = quadratic coefficient; Y is the
response value.

Sensory analysis

According to GB/T 15,038-2006 ‘Analytical methods of
wine and fruit wine’, sensory evaluation of jujube wine was
carried out by seven trained teachers and students,
respectively. Mouthwash was provided to raters between
the evaluations of different samples to avoid lingering
aftertaste. The panelists gave scores for appearance (0-10),
aroma (0-30), taste (0—40) and typicality (0-20),
respectively.
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Analysis of nutrients

The content of protein, amino acid nitrogen, total titrat-
able acid (TTA), pH, reducing sugar, ascorbic acid,
superoxide dismutase (SOD) activity, TPC and TFC were
determined in green jujube wine during winemaking. The
test of protein content in the green jujube fermented wine
samples according to the Coomassie Brilliant Blue assay
with minor modifications (Arnous et al. 2001). Amino acid
nitrogen was titrated with single indicator formaldehyde.
TTA was measured by acid-base titration method. A dig-
ital pH indicator (PHS-3C, Shanghai Tianda Instrument
Co., Ltd., Shanghai, China) was used for the pH values
measurements. The reducing sugar was tested by dinitros-
alicyclic acid colorimetry (DNS) method (Cheung et al.
2009). L-ascorbic acid content was determined by 2,6-
dichlorophenol indophenol method (Balthazar et al. 2019).
SOD activity was determined by nitro blue tetrazolium
(NBT) photoreduction.

The determination of TPC referred to the Folin-Ciocateu
colorimetric method of Aydin and Mammadov (2017),
which was slight modified. Briefly, 1 mL of wine samples,
1 mL of Folin-Ciocalteu reagent, and 3 mL of 7.5% Na,.
COj; solution were blended. Then, the mixtures were kept
at indoor temperature and then put in the dark for 2 h. The
absorbance was measured at 765 nm wavelength, and the
results were expressed as mg gallic acid equivalents
(GAE)/g of wine.

The TFC was determined according to the NaNO,—
AICl13-NaOH method (Siriamornpun et al. 2015). Briefly,
2.0 mL of diluted wine sample was supplemented with
60% ethanol solution to 5.0 mL, mixed with 1 mL of 5%
(m/v) NaNO,. After reaction for 6 min, 1.5 mL of 10% (m/
v) AICl3 was added. After standing for 5 min, 4 mL of
NaOH (200 g/L) was then added. The final volume of
mixture was added to 25 mL with 60% ethanol solution.
The absorbance of the wine sample was analyzed at
510 nm. The results were indicated in mg rutin equivalents
(RE)/g of wine.

Antioxidant capacity

Antioxidant activity of the green jujube wine samples
during fermentation and aging process were determined
based on the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) anal-
ysis with slight modifications (Loganayaki et al. 2013).
ABTS radical scavenging activity was determined with
slight modification of the method described by Re et al.
(1999). Reducing power assay was determined based on
the mildly modified method of Kwaw et al. (2018). Each
experiment was repeated three times.

Headspace solid phase microextraction/gas
chromatography-mass spectrometer (HS-SPME/
GC-MS) analysis

Analysis of the volatile substances were implemented with
using a gas chromatography (6890 N, Agilent Technolo-
gies) equipped with a mass spectrometric detector (5973,
Agilent Technologies). For this assay, volatiles were sep-
arated using a headspace solid phase microextraction
(75 pm, CAR/PDMS, Supelco, Bellefonte, PA, USA) and
was kept for 30 min at 60 °C. Volatile substances were
isolated using a HP-5MS quartz capillary column
(30 m x 0.25 pm x 0.25 mm, J&W Scientific Co., Ltd.,
Folsom, CA, USA). Helium was served as the carrier gas at
a flow rate of 1.0 mL/min. Temperature programming
control: initial temperature was set at 40 °C, held for
2 min; increased to 300 °C at 6 °C/min, held for 5 min;
then increased to 100 °C at 6 °C/min; finally, increased to
250 °C at 10 °C/min, and held for 5 min. Mass spec-
trometry parameters were set as follows: interface, quad-
rupole, and ion source temperature were set at 280, 150 and
230 °C, respectively; electron bombardment ion source;
ionization energy was set at 70 eV; solvent delay was set at
3.5 min; full scanning mode; mass scan range of
35-500 m/z. Qualitative and quantitative analysis: the
NIST Library database (Zheng et al. 2016) was used for
spectrogram analysis, qualitative analysis of the detected
aroma substances, and the relative content of each sub-
stance is calculated by the peak area normalization method.

Statistical analysis

All the treatments were carried out triple, and experimental
date were represented by mean value + standard deviation
(SD). The analysis of variance (ANOVA) was performed
using SPSS statistical 22.0 (OriginLab, Northampton,
USA.). Duncan’s multiple range tests were used to com-
pute significant differences at the 0.05 level.

Results and discussion

Model fitting

Response surface methodology (RSM) model for alcohol
content and sensory evaluation

As a major parameter of for fermented fruit wine, the
alcohol content plays an essential role in traditional alco-
holic fermentation process (Nyanga et al. 2013). Further-
more, sensory evaluation is also an indispensable
parameter of green jujube wine quality. Table 1 indicated
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the experimental data of the investigated results (alcohol
content and sensory evaluation) detected under different
fermentation conditions (the initial sugar, yeast addition,
fermentation time, and SO, treatment) for the green jujube
wine, and variance analysis of the regression RSM model
were given in Table 2. The especially low p values con-
nected with the F test for two models (p < 0.0001 for
alcohol content; p < 0.0001 for sensory evaluation) indi-
cated that these factors were greatly significant. The fit of
the models was identified by the high R? for all response
values (R2 > (0.90) (Tian et al. 2018). The fitted quadratic
polynomial models for alcohol content (Y;) and sensory
evaluation (Y,) were evaluated by RSM, only taking into
account the significant terms, which were shown in Eq. (2)
and in Eq. (3):
Y1 (alcohol content, %(v/v))
= 14.60 + 0.80X; + 0.31X,
— 0.46X3 — 0.025X; — 0.20X;X> + 0.27X,X;3
—0.42X X4+ @
0.55X,X3 — 0.49X,X4 + 0.050X3X4
— 0.096X7 — 1.08X; — 0.36X; — 0.41X]

Y, (sensory evaluation, scores)
= 83.60 4+ 5.17X; — 0.42X, + 3.17X3 — 1.58X4
4 1.25X,X, — 0.25X,X3 + 3.50X, X4+
4.50X>X3 — 0.50X2X4 + 3.25X3X4
— 0.59X7 — 3.47X; — 3.09X; — 3.97X;

(3)

The quadratic polynomial model for alcohol content
resulted in a determination coefficient (R2 = 0.9729),
demonstrating that 97.29% of the change could be explained
excellently, and this indicated that the model is well-mat-
ched by the relationship between the factor and the response
value (Hou et al. 2019). The lack of fit associated with
P-values of 0.0502, showed a non-significance of difference,

Table 2 Variance analysis of the regression model

demonstrating that the model fits with the data. In Fig. la—c,
the three-dimensional response surface plots describing the
interaction effect of the two factors. In response to alcohol,
the one-time item the initial sugar (X;), yeast addition (X,),
fermentation time (X3), interaction XXz, X, X4, X5X3, XoX,
and quadratic term Xzz, X32, X42 were significant (p < 0.05).
The other terms were inessential (p > 0.05). It is shown that
fermentation is the result of multi-factor interaction.
Through the analysis of the main factor effect, it can be
concluded that the effect of the experimental factors on the
alcohol  content initial  sugar > fermentation
time > SO, treatment > yeast addition. The determination
coefficient of quadratic response surface model set of 0.9795
was observed for sensory evaluation, demonstrating that
97.95% of the change can be explained excellently, only
2.05% of the total variation could not be explained, and this
indicated that the model is well-matched by the relationship
between the factor and the response value (Hou et al. 2019).
The sensory evaluation of green jujube wine ranged from
68.0 to 89.0, depended on the initial sugar, yeast addition,
fermentation time and SO, treatment and their interaction
(Fig. la—c). In the selected levels, the one-time item initial
sugar (X;), fermentation time (X3), SO, treatment (X,)
interaction X X5, X1 X4, X»X3, X3X4 and quadratic term Xzz,
X32, X42 were significant (p < 0.05). Meanwhile, the effect
of the experimental factors on the sensory evaluation was:
initial sugar > fermentation time > SO, treatment > yeast
addition.

was:

Optimization and verification of fermentation process
parameters

The model optimization solution was used by the statistical
software Design-Expert V8.0.6, optimum fermentation
parameters for green jujube wine were 24%, 0.3%, 8 d, and
80 mg/L for initial sugar, yeast addition, fermentation time
and SO, treatment, respectively. Under these conditions,

Response Y, alcohol content Y, sensory evaluation

value

Item Sum of Degree of Mean F value P value Sum of Degree of Mean F value P value
squares freedom square squares freedom square

Model 22.81 14 1.63 35.94%*% < 0.0001 834.55 14 59.61 47.83** < 0.0001

Residual 0.63 14 0.05 11.00 1 1.25

Lack of fit 0.59 10 0.06 5.95 0.0502 7.00 10 1.23 0.94 0.5755

Pure error 0.01 4 0.0001 4.00 4 1.30

R? 0.9729 0.9459

Significant levels; *means significant difference (p < 0.05), **means extremely significant difference (p < 0.01)
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Fig. 1 Response surface for the effect of independent variables on alcohol content and sensory evaluation

the alcohol content of the fermented green jujube wine was
15.2% (v/v), and sensory evaluation score was 88.96. In
order to verify the authenticity of the test results, 3 parallel
verification tests were carried out under the best process
conditions. The alcohol content of the green jujube wine
was 15.0% (v/v), and the sensory score was 87 scores. It

was slightly different from the predicted value. It can be
seen that the predicted values of the indicators were in
good agreement with the experimental values, which fur-
ther demonstrated that the model can accurately predict the
experimental results.
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mL)

100 g)

(mg/mL)

100 g)

L)

(days)

27.73 £ 1.42°
20.68 + 1.04°
22.73 + 3.15°
27.73 £ 1.42°
23.35 + 1.37°
16.59 + 3.36°
10.68 & 1.72¢

152.81 + 1.80°
51.76 & 1.78°
33.98 + 0.22¢
19.46 + 1.38¢
17.16 £ 1.53¢
12.92 + 0.76°

27.19 + 1.11*

42.05 £ 0.94¢
51.10 + 1.05°
56.74 £+ 0.73*
44.22 + 1.46°
39.20 + 0.18°
35.69 + 0.24
34.06 + 1.22f

2591 £ 050"
145.46 + 0.69°

3.81 £ 0.02*

1.84 + 0.16°

2.43 £+ 0.02°

0.27 £ 0.01*

27.37 + 0.65%
20.74 + 0.64°
16.64 £ 1.94¢
23.73 + 1.40°
12.55 + 0.77°

3.74 4 0.04°

2.15 + 0.18°

2.44 £+ 0.06°

0.24 + 0.03*"

99.80 + 0.31°
81.07 & 0.36°
63.87 + 3.049
55.97 & 1.13°
36.28 + 0.63

3.66 + 0.02°

3.71 + 0.20°

4.50 + 0.02¢

0.27 £ 0.04*

3.62 + 0.00¢

3.91 + 0.41%°

5.16 £ 0.29°

0.25 + 0.02*°

3.60 &+ 0.01¢

6.03 £ 0.17*

6.29 + (0.78*°

0.23 + 0.01°

3.61 + 0.02¢

424 + 0.36°¢

021 £ 0.02° 644 +0.11°

38
68

9.38 + 1.94°

7.46 + 036"

3.63 + 0.01%¢

495 4+ 0.10°

5.90 + 0.03°

0.12 + 0.01°

9.09 + 1.04¢

29.49 £ 047 ¢ 2539+ 1.17% 356 +£0.12 ¢ 429 +0.05

3.61 + 0.02¢

4.40 £ 0.06°

0.06 = 0.019  4.95 & 0.05%¢

98

Values are means =+ standard deviation (SD). Different letters in the same column represent significant differences (p < 0.05)

“TTA total titration acid; TPC total phenolic content; TFC total flavonoid content; SOD superoxide dismutase

Dynamic change of chemical indicators
in optimized green jujube wine during winemaking

Change of basic chemical value parameters
in optimized green jujube wine during winemaking

Table 3 showed the changes in the content of protein,
amino acid nitrogen, TTA, pH and reducing sugar with
fermentation time in the different fermentation and aging
times. As summarized in Table 3, the protein content
reached the maximum on day 4. After 6 days of fermen-
tation, it showed a downward trend, which may be due to
protein decomposition and release of free amino acids. At
the same time, the content of free amino acids in fermen-
tation liquid gradually increased, rising from
243 £0.02 mg/100 g at green jujube juice to
6.29 £ 0.78 mg/100 g at the end of the main fermentation.
This was most probably because increased acidity caused
by the rapid degradation of the protein of the wine samples,
which released a large number of amino acids (Zhao et al.
2019).

Acids in food not only serve as sour ingredients, but also
play an indispensable role in the processing, storage and
quality of food. There were no significant changes in pH
(Table 3). The TTA in the green jujube juice was
1.837 & 0.163 g/L. Compared with green jujube juice,
TTA was gradually increased with the processing of main
fermentation and TTA was remained stable in the post-
fermentation and aging time. The values of TTA displayed
a similar tendency with previous research (Xu et al. 2019),
which might be connected with the organic acids produced
in the process of fermentation. The reducing sugar content
was rapidly decreased in the winemaking (Table 3). This
was mainly contributed to the growth and fermentation of
yeast.

The content of TPC, TFC, ascorbic acid and SOD
activity in the winemaking of optimized green jujube
wine

The changes in ascorbic acid, SOD, TPC and TFC in the
fermentation process of the green jujube wine were shown
in Table 3. Ascorbic acid was largely founded in green
jujube fruits (Song et al. 2019). It has been rendered to
scavenge radicals and antioxidative defense mechanism in
cells and tissues (Koley et al. 2016; Wang et al. 2013). The
ascorbic acid content of green jujube wine provided a
degraded trend throughout the whole fermentation period.
It was firstly declined from 152.81 mg/100 g (day 0) to
51.76 mg/100 g (day 2), then slightly decreased, however,
there was no significant variation between day 6 and day 8
(p > 0.05) (Table 3). Throughout the production process,
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Fig. 2 Changes in antioxidant capacity during the brewing of green jujube wine. Different letters at the different time indicate significant

differences between means (p < 0.05).

the decrease of ascorbic acid content may be attributed to
oxidation and yeast growth. These green jujube wine
samples exhibited the slightly drop on the SOD activity
(Table 3). We speculated that it was the green jujube fruit
raw material that might induce the different metabolisms
during winemaking to result in high level of SOD activity.

It has been generally accepted that polyphenols are the
major antioxidants that supply fruit wines with the
antioxidant capacity (Eklund et al. 2005). As can be seen
from Table 3, there are great differences in the TPC of the
green jujube wine in different fermentation stages, and the
TPC of wine sample was 42.05 £ 0.94 mg/L before fer-
mentation. The highest TFC was represented on day 4,
reaching concentration of 56.74 4+ 0.73 mg/L, and then
gradually decreased. The decreased of TPC could be
caused by the oxidation and hydrolysis of phenolic com-
pounds (Czyzowska and pogorzelski 2002). Flavonoids
also play a key role in antioxidant activity. The TFC
change of green wine during winemaking was shown in
Table 3. The variation tendency was roughly similar to that
of TPC. As illustrated in the Table 3, the TFC attained a
minimum level at the end of winemaking. The decrease of
TFC (from 27.19 £ 1.11 mg/L to 3.56 &+ 0.12 mg/L)
could be attributed to the polymerization and degradation
of flavonoids and the interaction between flavonoids and
other phenolic compounds. Our results on changes in TPC
and TFC during alcohol fermentation were consistent with
the results of Lan et al. (2017). In terms of the functional
characteristics of jujube wine, the composition of phenolic
compounds should be further studied.

Changes in antioxidant activity of green jujube
wine during winemaking

DPPH radical scavenging activity

The flavonoids, polyphenols, saponins and other substances
contained in the green jujube could effectively scavenge
free radicals. Table 3 showed changes in the antioxidant
capacity of the sample during the winemaking process. As
shown in the Fig. 2a, the DPPH scavenging ability lowered
firstly and then increased during fermentation, and main-
tained a relatively steady state in the final aging period of
green jujube wine. The change of DPPH scavenging
capacity was primarily related to the change of polyphenols
content (Wang et al. 2016). Despite the loss, the produced
green jujube wine still maintained an abundant capacity to
inhibit DPPH radical.

ABTS free radical scavenging ability

ABTS was oxidized to produce a stable blue-green cation
ABTS plus. When a solution was added to the substance
under test, the antioxidant content reacts with ABTS plus
and fades the reaction system (Schaich et al. 2015). It
showed that ABTS scavenging activity had the same trend
with DPPH scavenging ability after fermentation and aging
of green jujube wine (Fig. 2a). Compared with green
jujube juice, ABTS assay decreased by 37.0% and 51.19%
on day 38 and day 98, respectively. The difference in
ABTS capacity was significant (p < 0.01).
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Reducing power

RC
0.639
0.539
1.260
0.241

Figure 2b showed that reducing power illustrated a slightly
decrease after winemaking of green jujube wine. It is a
remarkable fact that the produced green jujube wine still
showed strong reducing power after fermentation and aging
time. This result was similar to the antioxidant activity of
products studied in fermentation stage, such as pome-
granate wine Lan et al. (2017). This may be related to
changes in the content of antioxidants and their synergies
during fermentation.

butylphenol
0.939  Succinic anhydride

98 d
2.932  Oleamide
0.286 Erucylamide
1.578 2,4-Di-tert-

RC

GC-MS analysis

Aroma component was the direct influence factor of sen-
sory evaluation of fruit wine, and was also an important
index to evaluate the quality of fruit wine. Most aroma
components in fruit wine were produced by yeast meta-
bolism during fermentation. They were rich in varieties,
including esters, alcohols, acids and terpenes (Styger et al.
2011). The key flavor substances in the fermentation and
aging of jujube wine were identified by headspace solid
phase microextraction and GC-MS. In the alcoholic fer-
mentation process, a total of 51 kinds of volatile substances
were detected, of which 21 kinds of esters, 4 kinds of
alcohol, 4 kinds of acids, 5 kinds of aldehydes, 10 other
kinds.

According to the GC-MS results, the samples of jujube
wine (day 0, 8, 38, 68, 98) were analyzed, respectively.
According to the analysis in Table 4, aromatic compounds
were the main volatile substances in the samples on day O,
especially phenyl ethanol (> 40%). Phenethyl alcohol was
a by-product during fermentation with roselike flavour,
which was generated through the free phenylalanine-
derived Ehrlich pathway (Xu et al. 2019). Phenethyl
alcohol and hydroxyphenethyl alcohol were detected in the
fermentation process. In addition, esters and aldehydes
were the second most abundant components, especially
phenylacetaldehyde (Table 4). Esters were one of the most
important metabolites of alcoholic fermentation produced
by yeast and impart fruity flavor (Xu et al. 2019). The
biosynthesis of esters proceeds through esterification and
alcoholysis (Liu et al. 2004). After the main fermentation,
the relative content of heterocyclic aromatic compounds
and aldehydes reduced significantly (Table 4). With the
alcohol fermentation of green jujube wine, the variety of
volatile substances increased. This may be due to the fact
that the juice had been fermented to increase the flavor of
the fruit wine. In the second month of aging, 4-Hydrox-
yphenethyl  alcohol  (14.95%), 3-Methyl-1-butanol
(14.85%), 3-Methyl-1-butanol (39.04%) and Phenylacetic
acid (9.27%) were major flavor substances.

2.297 Octadecanamide
11.732  Erucylamide
2.018 Glycine benzyl ester
Hydrochl oride

68 d
1.057
8.405 Oleamide

RC

2.4-Di-tert-
butylphenol

38d
1.105 MonopalMitin

9.634 Erucylamide

RC
3.465
16.870 Oleamide
6.801
3.430
0.854
1.132

8d

4.060

3.883 Oleamide
Octadecanamide
MonopalMitin
Erucylamide
2,4-Di-tert-butylphenol
2,3-Dihydrobenzofuran
Hexadecanamide

RC
0.275

2,3-Dihydro-3,5-dihydroxy-
6-methyl-4(H)-pyran-4-

0d
one
Oleamide

Table 4 continued
Category
RC relative content (%)

Sub-total
Others
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High concentrations of aldehyde material could bring
peculiar smell (Cagno et al. 2017). Aldehyde material was
unstable compounds, and it can reduce alcohol or oxidize
acid under the action of microorganisms, this can explain
the aging process, which elaborated aldehyde material in
fruit wine decreased incessantly, finally even disappear
(Table 4). Fatty acids have an unpleasant soapy flavor, but
they can act as precursors to the formation of esters. After
yeast fermentation of jujube juice, alcohols, ketones and
esters increased, while aldehydes decreased, indicating that
the balance among esters, ketones and alcohols had an
important effect on the flavor of fermented jujube wine.
The results of this study were consistent with (Lan et al.
2017), and (Guo et al. 2018), who reported that the
decrease of aldehydes could be contribute to their oxidation
to the acids or reduction to the alcohols.

In a word, the final aroma components of green jujube
wine were mainly constituted with esters and alcohols,
including Phenethyl alcohol, 4-hydroxyphenethyl alcohol,
isopentyl alcohol 3-methyl-1-butanol, and mono-ethyl
Succinate, four key compounds.

Conclusion

In the present study, the fermentation parameters for fer-
mented green jujube wine were optimized by using RSM to
analyze the individual and interactive influences of the
initial sugar content, yeast addition, fermentation time and
SO, treatments. Quadratic polynomial models could well
predict and describe the results of alcohol content and
sensory evaluation of fermented green jujube wine. The
optimal parameter conditions for fermented green jujube
wine were decided by initial sugar 24%, yeast addition
0.3%, fermentation time 8 d, and SO, treatment 80 mg/L.
The chemical composition and antioxidant capacity in the
optimized sample were evaluated. Statistical analysis
showed that green jujube wine contained high antioxidant
substances and good antioxidant activity in vitro, which
may indicate that green jujube wine has higher biological
activities. The flavor of wine changed significantly over
time due to the gradual reduction of aldehydes, ketones and
heterocyclic aromatic compounds and the production of
esters and alcohols.
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