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In the study, we investigated the optimum fermentation conditions as well as changes of physicochemical
and antioxidant characteristics during the fermentation of jujube wine. The physicochemical character-
istics of the jujube hot water extracts used in this study were a pH of 5.05, 0.01% acidity, and 6.5
°Brix concentration. For jujube wine fermentation, the optimal fermentation strain was selected among
the isolated strains and the final chosen strain was identified as Saccharomyces cerevisiae, based on the
265 rRNA gene sequencing and similarity searching in GenBank DB. The jujube wine fermented with
an initial 15 °Brix concentration of jujube extracts showed a maximum alcohol content of 13% and
lower residual sugar concentration. Alcohol content during the jujube wine fermentation was increased
after 3 days of fermentation, and no significantly difference after 6 days was found. The residual sug-
ar concentration during the fermentation periods was significantly decreased with increasing alcohol
content. The jujube wine properties at 12 days of fermentation were as follows: a pH of 4.34, acidity
of 0.29%, alcohol content of 12.8%, and a residual sugar concentration of 8.70 °Brix. The malic acid
content in the organic acid of fermented jujube wine was significantly decreased during the fermenta-
tion proceeding, whereas the succinic acid and lactic acid contents were significantly increased.
Antioxidant characteristics of the fermented jujube wine were appeared ABTS radical scavenging ac-
tivity 45.80%, DPPH radical scavenging activity 61.89%, nitrite scavenging activity 91.95% and total
polyphenol compound 3.69 mg/ml. In terms of consumer liking of the jujube wine by sensory evalua-
tion, the color and overall acceptability of jujube wine were evaluated as more than average.
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Table 1. Characteristics comparison of jujube wine prepared by isolated yeasts for selection

Residual sugar

Isolated yeasts pH Acidity (%) Ethanol content (%) concentration (°Brix)
H 372002 0.28+0.00° 12.00£0.5° 10.20£0.1°
S 3.72£0.01° 0.32+0.00° 12.50+0.1° 10.20+0.1°
R 3.75+0.01" 0.25+0.00° 10.40+0.1° 9.55+0.2°
D 3.73£0.01” 0.26+0.00 10.00+0.3° 10.95+0.01°
B 3.64+0.01° 0.30+0.00° 13.40+0.25" 9.50+0.01°

UValues are mean of triplicate determination *+ standard deviation.
IMeans with different superscripts in column are significantly different at p<0.05 by Duncan’s multiple range test.
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29 EU719073.1 Saccharomyces bayanus x Saccharomyces cerevisiae strain CH...
30 EU649673.1 Saccharomyces cerevisiae strain CHFY0901
11 CPO06467.1 Saccharomyces cerevisiae YJM393 chromesome XII genomic seq.

31 DQ888227.1 Synthetic construct clone pNOY373 355 ribosomal RNA,
14 BK006945.2 TPA: Saccharomyces cerevisiae 5288¢ chromosome XlI, comple
16 FJ793809.1 Saccharomyces cerevisiae
19 Z73326.1 S.cerevisiae chromosome XIl reading frame ORF YLR154c
20 U53879.1 Saccharomyces cerevisiae chromosome XIl cosmid 9634
24 KC183723.1 Saccharomyces cerevisiae strain Chicha 02
43 KY939814.1 Saccharomyces cerevisiae isolate ST 3352/1-03

25 KC1837221 Saccharomyces cerevisiae strain Chicha 01

33 KC183727.1 Saccharomyces cerevisiae strain Chicha 06

15 FN393995.1 Saccharomyces cerevisiae strain MUCL 51208

39 KC183725.1 Saccharomyces cerevisiae strain Chicha 04
02 KJ502662.1 Saccharomyces cerevisiae isolate YN3

05 KC183726.1 Saccharomyces cerevisiae strain Chicha 05
46 |NB37099.1 Saccharomyces cerevisiae strain X14-3

03 JNB37100.1 Saccharomyces cerevisiae strain X68-2
44 KC183731.1 Saccharomyces cerevisiae strain Chicha 10

45 KC183730.1 Saccharomyces cerevisiae strain Chicha 09
40 KC183724.1 Saccharomyces cerevisiae strain Chicha 03
13 KC183729.1 Saccharomyces cerevisiae strain Chicha 08
04 KJ502661.1 Saccharomyces cerevisiae isolate YN2

21 KC183728.1 Saccharomyces cerevisiae strain Chicha 07

27 JQ277730.1 Saccharomyces cerevisiae strain YJM789 355 ribosomal RNA g...
28 AM262826.1 Saccharomyces cerevisiae strain HAL829
22 FN393997.1 Saccharomyces cerevisiae strain MUCL 51213
37 AY428861.1 Saccharomyces boulardii 285 ribosomal RNA gene, partial se...

48 KJ182926.1 Uncultured eukaryote clone NS33T_76
32 KC588952.1 Saccharomyces cerevisiae strain W46

23 GQ376091.1 Saccharomyces cerevisiae isolate UOAHCPF 5911

50 GU942435.1 Uncultured eukaryote clone N709T_73

35 GU942384.1 Uncultured eukaryote clone N707T_71
08 AM262828.1 Saccharomyces cerevisiae strain HALB69
10 AY525600.1 Saccharomyces cerevisiae MYCO10831 small subunit ribosomal..
07 AM262829.1 Saccharomyces cerevisiae strain CBS423
09 AM262827.1 Saccharomyces cerevisiae strain HALB56
12 KJ182920.1 Uncultured eukaryote clone NS33T_70
17 AM262831.1 Saccharomyces cerevisiae strain CBS4054
18 AM262824.1 Saccharomyces cerevisiae strain HAL835, 5. cerevisiae-like...

0 0.000716 0.001432 n.002148 0.002664 0.00358 0.004296 0.005012

01 Bfasta.screen.contigs
51 DQ167471 1 Saccharomyces cerevisiae strain W36

34 KC254075.1 Saccharomyces cerevisiae culture-collection UOAHCPF-GRC-.

47 FN393078.1 Saccharomyces cerevisiae EC1118 chromosome XlI, EC1118_1L1

49 |X174759.1 Uncultured fungus isolate FICUS 031 internal transcribed s..

06 AM262830.1 Saccharomyces cerevisiae strain CBS405
42 FM199962.1 Saccharomyces cerevisiae strain H555K23

36 EUB49672.1 Saccharomyces cerevisiae strain CHYL011

38 HM239777.1 Uncultured Ascomycota clone 1066

—|— 26 KC2540821 Saccharomyces cerevisiae culture-collection UOAHCPF-GRC-:
41 KC254083.1 Saccharomyces cerevisiae culture-collection UDAHCPF-GRC-.

0.006444 0.00716

Fig. 1. Phylogenetic tree of isolated B strain (B.fasta. screen. Contig.1) with related species. Neighbor-joining tree was based on
265 rRNA sequence. The marker bar denoted the relative branch length.
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Table 2. Similarity search in GenBank DB of isolated B strain sequence

Related Genbank

Isolated strain name . Similarly identified Genbank yeasts Identities Gaps
aceession No.
KJ502662.1 Saccharomyces cerevisize YN3 836/841 (99%)  2/841 (0%)
185 rRNA gene
JN837100.1 Saccharomyces cerevisine X68-2 836/841 (99%)  2/841 (0%)
185 rRNA gene
KJ502661.1 Saccharomyces cerevisiae YN2 836/842 (99%)  3/842 (0%)
185 rRNA gene
KC183726.1 Saccharomyces cerevisige Chicha 05 185 rRNA gene  835/841 (99%)  3/841 (0%)

AM262830.1 Saccharomyces cerevisiae CBS405 834/841 (99%)  3/841 (0%)
partial 185 rRNA, ITS1, 585 rRNA, ITS2 and
partial 265 rRNA gene

Isolated strain
(B. fasta. screen.
Contig. 1 848 bp).

AM262829.1 Saccharomyces cerevisiae CBS423 partial 185 rRNA,  834/841 (99%)  3/841 (0%)
ITS1, 5.85 rRNA, ITS2 and partial 26S rRNA gene
AM262828.1 Saccharomyces cerevisiae HA1869 834/841 (99%)  3/841 (0%)

partial 185 rRNA, ITS1, 5.85 rRNA
ITS2 and partial 265 rRNA gene
AM262827.1 Saccharomyces cerevisiae HA1856 834/841 (99%)  3/841 (0%)
partial 185 rRNA ITSI, 5.8S rRNA, ITS2 and
partial 265 rRNA gene

Table 3. Changes of physicochemical characteristics during fermentation of jujube wine on initial concentration of jujube extract

Initial concentration of Jujube extract (°Brix)

Characteristics days
6 9 12 15

0 4.94+0.0174%2 4.90+0.03* 4.91+0.01* 4.95+0.04™

H 3 3.90+0.02° 4.00+0.01% 3.90+0.01<° 4.19+0.01°¢

P 5 3.78+0.017 3.90+0.01* 3.88+0.01 4.25+0.01*°
7 3.76+0.02™ 3.94+0.00% 3.90+0.01 4.29+0.00"°

0 0.07£0.00> 0.11:0.00° 0.1520.00% 0.200.00"°

Acidity 3 0.36+0.03% 0.46%0.02 0.29+0.03% 0.29+0.07™
(%) 5 0.26+0.03 0.2920.01" 0.35+0.01* 0.34+0,05"*
7 0.25:0.02"° 0.26:0.02" 0.27£0.01"° 0.270.01""

Sugar 0 22.6710.12C:b 22.9010.12;: 23.0310.0652 23.1710.06]’;;
o 3 14.7+.00.0" 12.97+015™ 11.7+058" 10.93+0.06"
Brix) 5 11.17+0.06™ 9.50+0.06" 9.50+0.00% 8.77+:0.06 °
7 8.73+0.06 8.10+0.00 8.10+0.00 8.00+0.10%

Ethanol 0 0.00% @ 0.00* " 0.00* " o.ooA“‘A
3 7.00+1.41 8.00+0.00%A 8.50+0.71 9.25+0.35™
COU}‘C' 5 10.40+0.85% 11.90+0.14% 12.85+0.07" 11.90+0.014%
(%) 7 11.60+0.00% 12.40+0,57" 127001454 13.00£0.00™
0 74.36+0.31" 63.58+0.08™ 56.34+0.11 55.39+0.36"¢

L 3 85.36+0.03" 79.8+0.59" 75.80+0.38° 66.90+0.06 "

5 91.40+0.25" 85.95:0.12 80.84:0.01° 70.15:0.05™"

7 89.72+0.33"° 84.84+0.19" 78.97+0.09 67.63+0.13%

0 5.13+0.03™ 11.64+0.14< 18.46+0.03% 23.1940.05™

3 1.31+0.16™ 4.95+0.10“ 10.94+0.04™ 20.23+0.03*

a 5 0.84+0.26™ 5.87+0.09 11.48+0.04% 21.12+0.02

7 1.30+0.09™° 5.55+0.05" 11.16+0.11% 21.72+0.08"

0 53.39+0.14" 63.77+0.14< 71.06+0.20™ 77.22+0.24

b 3 54.40+0.48° 63.47+0.30< 74.00+0.34% 84.76+0.08"

5 56.83+1.08™ 69.53+0.06" 78.57+0.14™ 87.97+0.11*

7 55.84+0.11™ 66.97+0.13% 75.35+0.13% 85.70+0.19"°

YValues are mean of triplicate determination *+ standard deviation.
IMeans with different small letters superscripts in column and capital letters in row are significantly different at p<0.05 by Duncan'’s
multiple range test.
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Table 4. Changes of physicochemical characteristics during jujube wine fermentation of jujube extract

Davs " Acidity Alcohol contents ~ Sugar content Colors
Y P (%) (%) (Brix) L a b
0 5.07£0.0"  0.21£0.08° 0.00° 25.13+0.06" 55.39+0.36° 23.19+0.05" 77.2040.24°
3 43140.00°  031+0.11" 85+0.71° 11.20+0.00° 65.29+0.02° 21.26+0.08" 84.39+0.07°
6 4342000"  0.3420.02° 12.940.14° 9.10+0.00¢ 64.47+0.08" 17.98+0.08" 83.35+0.04°
9 442+0.00°  0.33+0.02™ 13.0£0.00 8.77+0.06° 63.16+0.04° 20.18+0.05¢ 80.73+0.03¢
12 443+0.01°  0.29+0.02™ 12.8+0.0° 8.70+0.00° 59.51+0.06 20.11+0.01° 77.65+0.08°

YValues are mean of triplicate determination *+ standard deviation.
IMeans with different small letters superscripts in column are significantly different at p<0.05 by Duncan’s multiple range test.

o F71sk Aol WA} AAYA BE RVANA 21 [hs otolo] sHtsls 54
2 Zastdh debd B3 shold A9 dme A4 13 DPPH radical 2
=]

2 AL s 249 dAgqdsez Q
FLEE 60U E HEHIL o] F —?—%E el Eol7ke stof HFE S IS okl Fol o) S of A9
L2 A7tE o] At Kang 5[9]& A Fol HAGE A7} dA o s Yete AEE ARE st s SH5)
3] Saccharomyces pastorianus2 A 4 HEFHY & W L& T Wolth4].
2090 oF 13%9] die FFE HHL 2T TE 2094 o3 9+<l o] DPPH free radical £71%5¢ 4% 23, o+
8.7 °Brixg YEtdtial E;—a—}@ dHe HAFS B A1) FZE(15 °Brix)®] DPPHAA &4 52 68.702%°1 11, T &
ha e ASE Yepyta, g g B AT AR A 7k Aol mel 2710 froj Aoz it EE 3dAE
shelth 6215% 2 g JERt o, ol F s 1294 ¢l 61.89%9] #
ZIAF A5 Lghe dE Azho] 7 3gtel| wet 3L oA 7t o2 Yety o2l Aol7t gle AL® vt A o
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9 radical &7 2450l A& Aoz YEhEt
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Had ol Az A citric acid9} malic acidE St T2 hydrogen peroxide®} met-myoglobin®] &4& Efj2 Hr}
B O Z citric acide 99 &Fell A4 8-& F71A17] I malic w2 ks 93-S Y 9 A myoglobin radical s 4 A 7] &
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Table 5. Changes of organic acid content during jujube wine fermentation of jujube extract

Organic acid

Days Oxalic acid Citric acid Tartaric acid Malic acid Succinic acid Lactic acid
0 21.38+0.02 N 40.18+0.04° 1.47+0.02° 152.02+0.03° 79.5340.0° 6.69+0.04°
3 22.59+0.02 42.75+0.02° 1.39+0.03" 137.33+0.02° 8 8.62+0.03" 10.16+0.02°
6 2312400 ° 45.75+0.03° 0.93+0.02° 109.98+0.02° 94.18+0.03° 18.14+0.03"
9 23.61+0.03" 45.09+0.02° 1.08+0.03° 63.92+0.03" 105.24+0.03" 19.65+0.03"
12 23.48+0.04” 44.64+0.04° 1.0620.02° 56.79+0.06" 106.15+0.06° 22.72+0.05%

YValues are mean of triplicate determination *+ standard deviation.
IMeans with different small letters superscripts in column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 6. Changes of antioxidant characteristics during jujube wine fermentation of jujube extract

Antioxidant characteristics

Days ABTS radical scavenging  DPPH radical scavenging  Nitrite-scavenging  Total polyphenol compound
activity (%) activity (%) activity (%) (mg/100 ml)
0 66.30+0.78"" 48.70+0.89" 67.43+0.96° 1.82:0.01°
3 65.22£0.22" 62.15+0.21° 90.86+0.16" 2.39+0.03°
6 55.300.32° 6151+1.47° 91.57+0.09® 2.84£0.01°
9 46.03+0.59° 62.94+1.65° 92.78+0.06 3.77£0.01°
12 45.80+0.45° 61.89+1.48° 91.95+0.06° 3.69+0.01°
Positive control 46.03:0.01° 90.57+0.66" ND? ND

UValues are mean of triplicate determination *+ standard deviation.
“Means with different small letters superscripts in column are significantly different at p<0.05 by Duncan’s multiple range test.
INot detected.
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