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Abstract: To study the quality discrepancy of jujube vinegar brewed from different jujube varieties, six types of jujube
vinegar made from different varieties of jujube were evaluated by the analysis of basic physicochemical components (such
as pH, total acid, total phenol and total flavone), color, in vitro functional activity (antioxidant capacity and lipid-lowering
ability), organic acids, amino acids, and volatile aroma components, combined with electronic nose and sensory evaluation.
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The results showed that there were significant differences in the quality of jujube vinegar brewed from different jujubes. In

terms of physical and chemical analysis, the total acid and total flavonoids of Xinjiang jujube vinegar were the highest,

which were 54.87 g/L and 1168.84 mg RE/L, respectively. By contrast, the total phenolic content of Xinjiang Jun-jujube

jujube vinegar was the highest, which was 1815.63 mg GAE/L. Henan Lingbao jujube vinegar and Fuping jujube vinegar

had better color values. Xinjiang Jujube vinegar showed the best antioxidant and lipid lowering activities. Fuping jujube

vinegar had the lowest total organic acid content of 47.07 g/L. Xinjiang gray jujube vinegar and Xinjiang Jun-jujube vinegar

had higher essential amino acid and total amino acid content, while Hebei Fuping jujube vinegar had lower amino acid

content. A total of 41 volatile aromas were detected in 6 kinds of jujube vinegar, and there were certain differences in the

types and contents of volatile aromas contained in different kinds of jujube vinegar. The sensory evaluation showed that all

jujubes were suitable for brewing jujube vinegar, among which Xinjiang Hui-jujube vinegar had the best sensory

acceptance. In summary, there were certain differences in the quality of 6 kinds of jujube vinegar. The high functional

activity of Xinjiang Jun-jujube vinegar made it more suitable as a functional fruit vinegar. Based on the high sensory

acceptance of Xinjiang Hui-jujube vinegar, the Xinjiang Hui-jujube would be suitable for the vinegar processing too.

Key words: varieties of Ziziphus jujuba Mill.; jujube vinegar; organic acid; amino acid; aroma; quality
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Table 2 Sensory evaluation form of jujube vinegar
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Fig.1 Analysis of basic physicochemical indexes of different
varieties of jujube vinegar
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Table 3 Results of different color values of jujube vinegar
brewed from different raw materials

AL L a b
B AL 19.13+0.08¢ —1.3240.02" 2.67+0.04¢
BT AL 16.77£0.00° —1.37+0.03¢ 2.58+0.01°
RFERARS 21.44+0.06° —1.46+0.04% 3.53+0.02°
L 22 /N 19.47£0.01° —1.30£0.01% 3.11£0.03°
WA 14.20+0.02° —1.1440.03* 1.51£0.028
PR 22.95+0.02° —1.48+0.01° 2.5040.04"

TE: [FFUA R/NG TR R HAT 35 122 5 P<0.05; 4l

2.3 A EEMLIAREINEEE D

X DPPH 1 FRAP 3EVEFN ST R BE R LA
TRTE PR AR . A 2A RTHIL AS[EILT 3 E0R R 19
LTSRS MIUE AL RE 1 B R B T E2E 5 (P<0.05) .
b opr s ns A<HS (1 DPPH [ H 385 IR Re i, 5
768.21 mg/L 1Y Ve YL bR AR Y, R 58 IO [E 1Y)
DPPH H H 75 BREE )1 S MR 5 530.39 mg/L 1 V(.
PUERE JTRORAR 2 ASTR) 20 2 J50R R i A4 21 2 i
FRAP A HE ) 280 225 55 (P<0.05), HoHs9mas
G FRAP {55, 5 892.67 mg/L /K& M
Ve I J5LHE JJAH >, B i3 5 7 BRI T8
SRR AL, (R I 0 W E2E 5 (P>0.05), HoAh Y
A i A 21 AR 3 A RS, FRAP (B #J 76 500 mg
Trolox/L LAF, R JFRE /18555 . HiimgR L ns Bt
ARG, NS H = A S AP . £ B
s S N e S =5 e W R 4 o A L 2 N L L
PP A TE P, AT RE TS S S il A s L A v
AL ) SR

AL A R AR RSy, A SRR



5 45 % 35 20 4] [ S AW NI TS A i i = gy - 305 -

A g 900 . SDPPH = FRAP ;ggo
= 800 ay
2z b -
2 700 | be é b obe 71800 5
= 6001 | 7 H 700 8
™ / c )
99 v = b b 600 2
3= 500 b / ¢ c e
& ZRN 500 oo
#z 400 % 400 £
T 300 % &
= 7 300 £
ar 200 % 200 &=
T 100 Z
sl 2 »

Q22 i RAP
ANAT AL R

Al

o
2 RN

% EE
gt el

B 40 R AR [ 40
35 a 4 c b b {35
d —i— b c ab,, b ;P

30 T4 7 [T I 30
<. | B8 ‘ Z S
SEERRY 25
¥ 204 20 3
= <z
=15 15 %8

10 110

5 5

0 0

HiiE PR RH &g W RO
TRAS PRAL IO A R RA
3 I [ 4 ez LTS TS5 i R i N ) s R o
Fig.2 Antioxidant activity of jujube vinegar brewed from
different jujube varieties in vitro
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Table 4 Organic acid contents of jujube vinegar from the six cultivars

FEfh AR (g/L) SRR (g/L) FLA(g/L) FrigER (g/L) WM (g/L) 2R (g/L)
SHT AT 5.26+0.28¢ 1.76+0.11° 1.34+0.08¢ 0.55+0.04¢ 0.012+0.002° 42.87+1.15°
R A 6.64+0.06° 3.3540.15° 1.66+0.06° 0.86+0.07° 0.013+0.002° 38.66+0.85°
FRFE RS 6.91+0.35° 3.1120.09b 1.15+0.05° 0.71+0.05" 0.008+0.001" 38.92+1.36°
G b /N 5.12+0.37¢ 1.910.08° 1.42+40.07¢ 0.66+0.07¢ 0.007+0.001% 40.96+1.21°
T TR S 6.06+0.12° 1.29+0.08¢ 6.38+0.13" 0.62+0.04¢ 0.006:£0.001° 35.59+1.57¢
IER N 6.55+0.21® 1.85+0.12° 3.2440.11° 0.61£0.08° 0.009-0.002" 34.81+1.62°
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Table 5 Free amino acid contents of jujube vinegar from the six cultivars (mg/L)
IR ik R Sl E] 434
B R B R RO G 2L /K TR e B RO

¥ifi 69.4 36.61 324.15 64.21 42.15 22.76 5.34
REAR bRz 34.12 4.45 73.91 14.02 6.88 7.46 8.91
55 ZR A 0.45 0.11 0.21 0.7 0.21 0.31 0.17

¥y 22.56 16.34 11.67 9.91 16.44 921 14.55

INRR bRz 3.16 1.51 1.05 0.95 2.31 0.25 1.02
A5 R AL 0.58 0.92 0.35 0.34 0.84 0.26 0.24

¥y 46.52 21.59 25.66 17.98 26.83 17.55 25.18
225 R bRz 2.11 1.92 0.35 0.85 0.67 0.62 121
A5 R AL 0.54 0.65 0.37 0.13 0.59 0.23 0.17

¥y 433 425 3.01 2.78 3.76 2.16 3.35

BB bRz 0.35 0.21 0.16 0.24 0.26 0.15 0.18
A FHL 0.54 0.24 0.95 0.39 0.23 0.64 0.25

¥y 494.52 456.52 41355 885.64 697.52 510.26 576.18

2R bR 5.89 1.68 5.42 8.91 12.55 11.59 11.57
B 0.49 0 0.14 0.15 0.5 0.38 0.34
¥fH 6.55 3.81 551 531 455 3.74 491

gV PR 0.21 0.22 0.23 0.17 0.11 0.15 0.22
TR FE 0.3 0.07 0.17 0.33 0.25 0.28 0.17

¥ 12.81 6.31 14.26 6.35 7.85 4.45 8.66

AR PR 0.68 0.09 0.69 0.51 0.35 0.15 0.44
TBRFE 0.62 0 0.33 0.16 0.2 0.03 0.44

BfH 63.85 105.69 129.31 134.66 93.39 73.56 101.25

ot 2R PR 1.88 252 522 455 3.82 2.48 3.35
A EREL 0.39 0.15 0.58 0.28 0.35 0.03 0.25

¥fH 25.82 15.98 14.02 10.99 20.51 6.28 15.44

AR PR 1.13 0.52 0.35 0.19 0.52 0.16 0.22
B FRE 0.72 0.92 0.3 0.38 1.02 0.52 0.34
¥fH 0.51 0.48 0.38 0.35 0.38 0.39 0.41

EAMR PR 0.05 0.08 0.09 0.02 0.04 0.02 0.02
AR 0.26 0.33 0.5 0.19 0.13 0.1 0.01
¥ 7.15 425 7.52 4.05 3.65 2.12 471

AR bRiEZE 0.08 0.04 0.06 0.05 0.21 0.19 0.12
5 Z AN 0.9 0.49 0.29 0.03 0.59 0.22 0.43

¥y 14.82 10.25 17.85 9.86 16.59 7.39 12.98

AR bRz 0.36 0.52 0.43 0.28 0.35 0.37 0.49
A5 R A 0.53 0.39 0.14 0.17 0.43 0.01 0.36

¥y 5.72 5.732 8.86 431 438 3.1 533

ik 2R brifEE 0.26 0.24 0.31 0.19 0.35 0.12 0.29
A5 R AL 0.12 0.25 0.37 0.04 0.58 0.14 0.42

¥y 3.05 2.71 3.28 2.14 5.22 1.62 2.99

RINER bRz 0.13 0.16 0.11 0.09 0.18 0.15 0.17
A5 FHL 0.92 0.62 0.33 0.35 1.37 0.06 0.47

¥y 9.56 7.75 13.42 951 11.88 6.53 9.75

iR bR 0.32 0.24 0.25 0.16 0.25 0.42 0.22
B 0.39 0.49 0.06 0.08 0.17 0.06 0.3

¥fH 9.55 7.85 13.66 9.86 12.05 6.55 9.88

AR brifE2E 0.38 0.21 0.21 0.33 0.52 0.33 0.53
TRFE 0.58 13 0.17 0.52 0.97 0.66 0.57

¥ 9.44 7.85 12.98 9.65 12.05 6.59 9.63

K e bl 22 0.35 0.33 0.52 0.14 0.24 0.36 0.26
TRFE 0.61 0.89 0.22 0.1 0.38 0.41 0.96




9454 5 204 B 2 S5 ORIR] SRR ERES 0 5 T 22 R AT - 307 -
&S
RILR AR ik PR S ] 434
R A B A RERAES G th /N TR A A B
¥l 68.25 4729 50.88 35.84 57.12 25.36 4755
Wit S SR FrifE2E 2.11 1.36 0.88 1.25 2.28 1.22 0.56
5 AL 0.58 0.78 0.17 0.72 0.26 0.26
BfH 874.41 761.262 1069.97 12234 1036.32 709.62 858.09
ML b2z 53.57 16.3 90.24 329 31.89 26.19 29.78
A5 AREL 0.35 0.21 0.03 0.2 0.45 0.25 0.24

A EEFP AR . HTEE KA | R IR A mE AN VY
Ylﬁlﬁﬁﬁcpﬂgﬁ%ﬁ&*ﬂéﬂﬁﬂ& R HA 3 AR
B o VT R O SE AL M 22U R L AR 4 22/ N It i
SRS AT o

LA R, gt AT FIUBT i 08 AT HLAT B
Eﬁﬁ\%ﬁﬁ%ﬁﬁnu’ﬁﬁ 25 i, Tl b B O i A ik
2 e SREEEIRSL, AR AL NS SR &
HES i’ﬁ;dto P I, ASTRIZT A S PR 11 22 3%
TR S AT E A R ZE R
2.6 AERMLEERNIZELERTSOM
FER AL G X B B R B S T e EE Y
JLEZ—, FE 6 HJERT SPME/GC-MS £l i
FAASTE] SR IS T B T R S B B i, A
2% 6 TR, NFRRESE A Y 41 PRSI, A4S
7 FIERZS, 6 FRERZS, 5 FIERDE, 12 FREESS, O FhEEE LA
FeHAth 2 PRGNSy . L OPLS-DA(K 3A) AT

SEEL 6 AN TRI LT S AR A B9 R X 4, 2R BAAS[R] f
FILLRERES A/ AP —E S . o, Frm kR
BEREI B B SBr e 22, S 37 F; B RO RS AS
S S STEeh 25 i
SRR TR E W FEESH IR,
& 3A FNE 3C AT, RS RS 4 22/ NG 2 Fh
T 114 B AL AR SR B2, T R R A I A I A <A
St SRy BT, TV VIR R R B S 2 A )
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Table 6 Difference analysis of aroma components of jujube vinegar from the six cultivars (mg/L)

Eya eyl SHT AT I A RFRAR G L /N TR A B RO

Be 37.61 29.80 37.57 35.33 31.83 26.97

1 EE R TR 0.51+0.02° ND 0.31+0.05° ND 0.65+0.04° ND

2 LIRS IR 17.2240.56 15.23+0.78° 17.05+0.12% 10.52+0.22¢ 16.89+0.69° 8.56+0.34°

3 TR TR 4.13+0.22¢ 7.1240.31° 4.3240.36° 5.66+0.28" 4.22+0.21° 2.16+0.11¢

4 TR R 2.83+0.25¢ 4.23+0.16° 3.09+0.21¢ 8.52+0.35" 2.93+0.08¢ 5.34+0.22°

5 LRI 1.36£0.11° ND 1.4240.15" 0.89+0.06° 1.47+0.17° 0.63+0.02¢

6 PR IE T TR 0.83+0.05" 0.55+0.04° 0.71+0.01° 1.18+0.08° 0.78+0.06" ND

7 IR T TR 10.05£0.25° 2.55+0.16° 9.99+0.31* 8.56+0.22° 4.2340.19¢ 9.93+0.08"
TS 16.14 7.54 10.48 15.55 24.34 24.87

1 PIT 4.79+0.12° 3.56+0.21° 4.76+0.08" 5.1240.15° 4.73+0.22° 3.2640.15¢

2 2-CL 4.44+0.25 2.12+0.04¢ 3.28+0.16" 4.56+0.22° 3.49+0.11° 2.56+0.13°

3 3-H5E-2- 3 il 0.87+0.03° 1.21+0.04° 0.920.06° 1.85+0.03" 0.90:£0.05¢ 0.52+0.03¢

4 3-FR5E-2-T R 4.6+0.03° ND ND ND ND ND

5 FR S B AT ND ND ND 0.310.06" ND ND

6 A ST 1.4420.02¢ 0.65+0.13¢ 1.52+0.01¢ 3.71£0.17¢ 15.22+0.73% 18.53+11.76°
ives 6.90 6.33 5.59 0.96 0 0

1 B2 0.66+0.03" ND ND ND ND ND

2 T 1.04+0.03° ND 1.44+0.03" ND ND ND

3 A7 0.77+£0.012° ND ND ND ND ND

4 T 1.7440.03° 4.1£0.01° 4.15£0.02° ND ND ND

5 R 2.69+0.24° 2.23+1.07° ND 0.96+0.0° ND ND
=S 55.80 62.36 38.90 32.61 129.50 57.49

1 2,4- LR RE 2.8+0.05% 4.3+0.15° 3.04+0.04° 1.72+0.06° 9.99+1.7° ND

2 KT 0.52+0.05¢ 1.52+0.05° 0.59+0.05¢ 0.82+0.08° 0.68+0.05¢ 0.92+0.05"
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Eya eyl SHE AT SH R AT RFRAR G 22/ NAR TR A LR N
3 IR 29.23+0.88° 34.38+0.4° 7.97+0.13¢ 110.08¢ 25.42+2.57° ND
4 S -2- B8 0.99+0.02° ND ND ND ND ND
5 g 0.11£0.01° 0.10.01° 0.1:£0.02° ND 0.12+0.02° 0.25+0.02°
6 TR 0.5240.05° 0.5120.08° 0.52+0.09° 0.45+0.04° 0.36+0.02¢ 0.4120.06*
7 2-HIEE T 0.52+0.05" 0.47+0.04° 0.51+0.02° 0.21£0.05¢ 0.85+0.04* 0.42+0.06"
8 3-HIEE T 10.4840.85b 10.67£0.61° 10.43£0.31° 6.85+0.32¢ 8.360.36° 12.55+0.56"
9 L 3.3+0.12¢ 3.89+0.15¢ 6.29+0.57° 5.62+0.24% 46.82+3.42° 16.45+0.72°
10 T/ 7.33+£0.27° 6.5242.61° 9.45+0.11° 5.340.07¢ 28.5+0.45° 10.68+0.74°
11 g ND ND ND 0.28+0.06° 4.53+0.63" 15.8120.09°
12 i ND ND ND 0.35+0.02° 3.87+0.18° ND
=S 13.37 39.11 91.57 72.05 20.89 83.42
1 2-FR T 8.63+£0.28" ND ND ND ND 3.63£0.24°
2 2-H L 1.4140.08° 1.5240.12° 1.48+0.05° 1.24+0.11° 0.860.06° 0.62+0.05¢
3 2-ZFEC 0.33£0.02¢ ND 0.99+0.02° ND ND 3.17+0.33°
4 IET R 71.99+2.4* 31.97+0.1¢ 22.12+1.47¢ 63.81+1.47° 11.23+1.57° 67.53+1.92°
5 a1 B 1.37+0.02° 0.64+0.01° ND ND ND ND
6 -3 05-3-1% 0.2940.02¢ 0.3540.02% 0.39+0.01° 0.62+0.03" 0.44+0.03° 0.25+0.02¢
7 KB 8.3+1.5° 2.5+12.13¢ 8.25+8.22° 5.8+2.31° 8.36+44.04° 3.71+61.18°
8 R 1.67+0.02° ND ND 0.56+0.01° ND ND
9 SR ND 2.12+0.04¢ 8.47+1.73 ND ND 451£0.11°
He 11.74 15.44 13.04 19.41 24.94 38.32
1 a-JEM 9.19+0.14¢ 13.85+0.62¢ 13.04+0.05¢ 19.4+0.54° 24.94+6.5 38.3247.32°
2 IR 2.55+0.11* 1.59+0.38" ND ND ND ND
1 “ND” KRR ENZLH 5, [ AT AR NG FREFR 4 125 57 18 3 (P<0.05) .
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OPLS-DA (A), permutation test of permutation test of OPLS-DA model (B) and aroma heatmap (C) of jujube vinegar from the

six cultivars
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Fig.4 Electronic nose radar diagram (A) and sensory aroma
characteristics (B) of jujube vinegar from the six cultivars
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