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Abstract: The differences in composition and function between black jujube vinegar egg liquid and white vinegar egg
liquid were analyzed to develop the black jujube vinegar egg liquid with both nutritional and functional properties. The
changes of polyphenols, phosphorus, amino acids and volatile components during the soaking process were tracked. The
antioxidant capacity of the vinegar egg liquid and the different volatile components of the black jujube vinegar egg liquid

and white vinegar egg liquid were investigated. The results indicated that the most suitable soaking method for black jujube
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vinegar egg liquid was secondary soaking. The concentration of polyphenols in black jujube vinegar egg liquid reached the

peak at 40 h, which was 2.38 times as high as that before soaking. The concentration of phosphorus showed an overall

increasing trend. Compared with soaked for 24 h, the total amount of amino acids in black jujube vinegar egg liquid soaked

for 64 h were increased by 42.62%. The volatile components of the two types of vinegar egg liquid differed greatly during

the soaking process, and the types of volatile components detected in black jujube vinegar egg liquid were about twice as

many as that of white vinegar egg liquid. There were more ketones and aromatic hydrocarbon substances such as geranyl

acetone in black jujube vinegar egg liquid, and its aroma was fuller. The radical scavenging rate of 1,1-diphenyl-2-
trinitrophenylhydrazine (DPPH), 2,2-azido-bis(3-ethyl-benzothiazole-6-sulfonic acid) diammonium salt (ABTS) radical
scavenging rate, and the total reducing power (FRAP) results showed that the ICs values of black jujube vinegar egg liquid

were lower than those of white vinegar egg liquid, which were 0.19, 0.31 and 0.66 mg/mL respectively, indicating that it

had better antioxidant capacity. The results demonstrated that black jujube vinegar egg liquid was better than ordinary

vinegar egg liquid in terms of nutrient composition and antioxidant capacity, which fully proved the superiority and

feasibility of black jujube vinegar egg liquid.

Key words: black jujube vinegar egg liquid; composition change; volatile substances; antioxidant capacity
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Table 1 Sensory evaluation of black jujube vinegar egg liquid
P b ik IHE
PR VRRE (AR, AT TIOVE, AT 4T 0~3
P70 TR EE VR AR T8 Y, A EV/F TV Bl A 4~6
AR AR Y5, TCUURE JEZR 0 7~10

1.2.2 BARSERIR AR P2 B AR b

1.2.2.1 EEESERER AR P 20y, 828 R
HRLTFERG T T, FEBE AR B i b 301 4 Bl i
9 g/100 mL B[S, T 25 °C i, & 8 h BUkEES>
SR Z2 s A AR A, SPA TR E =R .

1.2.2.2 BAEGERRFEERPEILBREL =
B 1.2.2.1 MO AL BT, BBURE A DU A AT s AR R IR oY
24 5 64 h 2 FEERAE L, SPATHEAYE =R

1.2.3 BEESEWR S S ERIE S R h i R R
AT SR8 1.2.2.1 BOALBETT I, 43 9 TR
0. 24, 64 h HUFE, JFAES I U8, BRISIRIR, #5.0> (5000
r/min, 3 min), B_E3EW, F T 4 °C #E6ERAT, & .

T AL B 4355 BRI TR S B I SRR
FEAh 8 mL T 15 mL A i, i 2 g NaCl, inas %%
=, A 30 C KA 10 mine KR A [
FRAIAFE B AR ERE S, W 40 min J54RH, A
SAETESGHEET, F 250 °C f#HT 3 min,

GC-MS Bt 43 #7 25 441 VF-waxmS & % 41
(0.25 mmx60 m, 0.25 pm), PEAE TR 250 °C; #EAE
B A] 3 min; FHRERT ARILRTIRE 50 °C, LA 10 °C/min
Ft+Z 200 °C, LA 4 °C/min F+Z 260 °C, F-LL 10 °C/min
F+Z 270 C, f&FF 10 min; RALEIRE 250 °C, #FE
2 1 pL, #<(He) Wit 1 mL/min, 439kt 25:1. H
TEGE TR, B FIREE 230 °C, B 220 C,
RAZSHE 0.1 KV, FFRERE 70 eV, KITHIT 34.6 pA,
i A VG Bl (m/z) 45~500, %57 SE R 5 6] 3 min,
FullScan #£5X, HiIHRAEM S NIST-11 EEEHEFT
AP, WA — ki s .

1.2.4 JEANSEEW S NS ES R b T AL RE T s
1.2.4.1 DPPH H FHEFR R M &2 2% Brand
SRV [ D R A TIN RE o 45 HRUAS W) ¥R 38 1) B A TS 2R
W A RS SE W 0.5 mL 5 5 mL DPPH 2 BE7 WK
(39.4 mg/mL) RIZIFE SIS, #EOGHE 30 mine FHZ:
B TOKPHZE, M5E 517 nm ZbAYWESCRE . Xof b SR AT
TR S RSB R P A ik e 71 . DPPH H H AL
B%(%)=(Ay—A | /Ay<100(A,: 1 mL Jo/KZEES 5 mL
DPPH R &, &40 B S, T 517 nm A RE AW G
Ap;: 1 mL FERVE WS 5 mL DPPH IR G, SAbFL S,
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Yao 857 (T IR o A EBCAN [ B2 Al it R A i 2
WA BERE R 0.6 mL, I 2.5 mL B2 % rhis
(0.2 mol/L, pH6.6), 2.5 mL ZFALAT (1%) IR F14)
JEHE 50 C EE/KEHR P HFE 20 min, BHE, IIA
2.5 mL =448 (10%), #£2-], 4000 r/min 5.0, HL
2.5 mL _L3EBIMABE S, 5350 A 2.5 mL 2585+
KN 2.5 mL =5§464:(0.1%), ¥%57, JZW 8 min, ¥
MIZEAE 700 nm AL IRSGEAE Ao 25 FHLIZERRAC
BRERCR A, BB = UCOVATIE . WO, i 5T
ek . WAGRERE J1=A—A-
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SEUS IR TN RE o A TAS [ B TR I B R
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Table 2 Effects of different soaking process on sensory
evaluation results of vinegar egg liquid

BT T8 EER
—WEt 438 ERES S, (AW A
—WEH 8.1 B, BT R
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221 EEFSERRBESR P2 Al fIE 1

T, SRR R TR T 2o W B RS TR VA TR Ak

P S ESERRAINE TR a3, 0~16 h BEERW T 2
R PEEASWTREAIG, 16 h B Z Wik 5 AIK >/ 0.11 mg/mL,
16~40 h BEEEWE 2 Wk BERWT S, 40 h I35 3 A
55 0.39 mg/mL, J& 0 h Y 2.38 1%, 40~64 h 52 F[&i#4
O (H L PSP R IL 40 5 64 h B 2k EE &
2R (P<0.05) ., 0~16 h T Uf AN NR BE
B, FEUNT T2 R ATRE, KK, WL

I%; 24 h FTEEESS, WA S R I 5], FRIR T

SRABE IR, /N T Z2 W A IR B 557 S AHXT

F20E, HHNRSTTF WISy i kA 40, (157 A

FRIL/ N TG 2, DRI, Z2 e B AW T e,

JEHATRER . FIAh, ZM R EE I Il SR AR

AHRE T R0

0.45-
0.40

0 8 16 24 32 40 48 56 64 72
FALIITE] (h)
K1 MR B BRI H] (472 £k

Fig.1 Changes of polyphenol concentration with soaking time

H: REVNE FRFRRE R 5.3, P<0.05; & 2~ 5 [F],

2.2.2 FEEESERWOR MR DAL RS TR
T HP R ) R IR VR O B () P AR AR N ] 2 TR . HH
& 2 WIN, Bt SR A SR R IR T (] A B, Bl
FERAR R TSR, 0~24 h AR TP REH 5 B ek
SREENE, 24 h JEEEINEERECHL, 12 64 h B & s H|
oA 0.13 mg/mL, WEJZ 0h 1 10 f%LA B, 0~24h
R P A R/ NIRRT, SRR [ TS SRS E I
PR 24 h XSEERYST, R, S5RCEENR S, B
SRR N T S | R e U e R U 5 e L RE 027 (R S LS
o BEREAMNBRES SN B2 —FocR, Bf

Z 5 AR A S R . R BB 4 22 A E 22
AUDIREME IR . BEE IR [ BN, RS s b
/NGRS R AN TR N, BT AR

0029 g
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BEHLATTE] (h)
Bl 2 B0k R IR s E] A AR 1k

Fig.2 Changes of phosphorus concentration with soaking time

2.2.3 BERSERIRZARP AR AL B
BB MIZ M 24 5 64 h PR LR AL G an e 3 Fr
TNo 24 h KIGTEMESE, WS BAEREIR G560
B TR]E; 64 h AR 5 BE R EEIR 5 1 5 5 k220
40 h JE RN SRR . B3R 3 AT, IR 64 h 1Y
BRI SR R A R B IR Y 24 h B SRS AR T A
FLRR MBI 42.62%, X UL AR R TE A B T 4k
SR TR, RO S 2 AR . SRR R b
M 16 Fha 5L, Forh s 7 Fhbdy 560 . 1M
H., B2 2 U Ta] A3, 16 Fh 4 308 i & i 7
=, ThE i 2 A R D AR . AR AN e 2
fig, BEn AR 50% ., MIZMIRTE DY 64 h i), AR
AR PSSR . o E% . TSR & 2580w, 4375
S 0.50. 0.32 F1 0.36 g/100 g, =Fhad FEm2 & 5 S

F3 BAREEWIRML 24, 64 h IR EH X
Table 3 Comparison of amino acid content in black jujube
vinegar egg liquid after soaking for 24 and 64 h

AEERRFrE(g/100 )
“ RARSEW (24 h) RARHEW (64 h)

i 2R 0.09 0.13
AR 0.16 0.22
E= Vi 0.25 0.36
e 0.19 0.26
22 50R 0.18 0.25
BB 0.35 0.50
HamR 0.08 0.12
AR 0.06 0.10
SEAR 0.23 0.32
ENISE=N 0.14 0.20
P 0.12 0.17
eIz 0.10 0.15
R 0.15 0.21
MR 0.15 0.22
SRR 0.13 0.19
AR 0.06 0.08
SR 2.44 3.48
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AN, AALHE A R A, W HAT IR . #2805
GE ST BERRICAZ 1A 2R EREVERT . R, ¥R 64 h
P S AR TR R LU IR 24 h i SR SRR I e B R
23 ERBERSBERERERRIAEREPELERS
A3
2.3.1 BOERESEWR S AESEE SRR R b i R R
ARt s IS L B IS BT R 2 2 T s
HOKES IR M & A HIVE TR, S250XT b ot Bl
WS ST S A= e R P 4 2 PR A I A AR
3, WFSE PR IS R 25 5

P T8 S B VROV v e A v p ARG I 14 b
AT, ALFE: 3 FhERISY ot | 2 FRERISH ). | FRERZE

Yo, 5 FREESSYT . 1 PRSI, 1 PRk 1 F
B2 5 s PRSI BRI M R R AR Y 26 FREE
KLV S, BLFE: 2 FRERISY T . 3 FhERSSY IT .
3 FRERZEY T . 5 PRESSEY) 0T . 4 FREEZEYI T . 2 Fivke
JEAN 7 FPAEY T . AR SRR VA AR P AR L
PR R R A P IS SR I B I B TR ) PR AR, ] I SR iy
R MERSGT R E R, A/

2.3.1.1 BAEESERYS HES NS RRIE S AR TP R s
YLk R 4 R, ABSE R AR R T
FLRGI Y 3 APERS YT, HORE 2 IESS, B 0 h
i 60.18% %28 64 h 1 45.38%, HoAh TN MR & B i
o SRS SR TR A AR AR S Y 2 R RS
B, HoSEW R IR FEESE B0 h 1Y 68.19% fEx
64 h 1Y) 32.88%. TEIRVLEHH, PIRPES S h 3 R &
AN IR OBE I R, BN B &= .
2.3.1.2 BAERSERS AESES R ROIE M B P RS
WYIBTLeEE R 4 TN, PSS R R A R S T
TERH R, BeZS a0 S YRy 0. {HPA

4 FOARSEWCS AR E RIS R R BB AR T

Table 4 Comparison of volatile compounds in black jujube vinegar egg liquid and white vinegar egg liquid during soaking

AR (%)

R4 FR ST TR SRR
Oh 24h 64h 0h 24h 64h
[pivd 59.85+5.64 38.45+4.03 44.98+2.53 67.36£2.94 33.74+15.52 32.42+4.98
VR YA 0.29+0.02 0.53+0.16 0.40+0.06 0.83+0.32 0.19£0.10 0.46+0.10
ARHR 0.04+0.02 - - - - -
IEC R LR 0.41+1.42 - - 0.68+0.27 - -
1,2-T9 s Z R - - - 0.04+0.02 - -
V=Y T 0.21+0.04 0.44+0.11 0.27+0.07 - 0.17+0.07 -
3-2F 0.13+0.10 0.20+0.18 0.16+0.05 0.20+0.02 0.4340.13 0.20+0.10
R S BT - - - 0.03+0.03 - -
B ZE A - - - 0.06+0.03 - -
TrE - - - 0.09:0.03 - -
i - 0.030.02 0.03+0.01 0.08+0.04 - -
LRk - - - 0.080.02 - -
2,4- LR R - - - 0.070.02 - -
(8)-(+)-5-H B 1-C B 0.03+0.02 - - 0.05+0.04 - -
2-Z IO 0.04+0.03 - - - - -
3- - - - 11.73+0.69 - -
H LB - 0.15+0.12 0.120.04 0.05+0.02 0.13+0.08 0.07+0.03
S - 0.44+0.25 0.23+0.08 - 0.44+0.18 0.27+0.13
2,4- B BEmE 17.34+4.77 39.81+7.84 44.86+3.80° - 46.2+18.87 58.56+6.14
2,4- BT B 0.12+0.02 - - - - -
AT 16.43+1.69 10.97+3.81 - 0.53+0.10 11.3442.19 0.37+0.029
ke - - - 0.02 - -
[P S - - - 0.74+0.21 - -
IR - - - 0.080.04 - -
1,2- %R - - - 0.71+0.17 - -
NAGES - - - 0.02 - -
[B] 2 HE 2 - - - 2.05+1.7 - -
1,2,3-=HI2K - - - 0.14+0.04 - -
A IEHR - - - 0.19+0.09 - -

T “="FRIR AR
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2.3.1.4 FECEESEWCS EESES R WOR M R P s
Ytk R 4 AT, PR S SRR AL R H
Rl 5 FhEESS Yy o, (R EASTR] o I T AR T
BRI FRH (S)-(+)-5-F Fe-1-CUEEFI 2- 2, FE O S
Wrisb 2 0, T RS A T (S) - (+)-5-F k- 1-CU
M 3-FREAEIR M R 2 2 00 540, PR ISER
W S R P e Y e WG F v, 2,4- L pgE
Pt & B A T . S R WA AT A, RS
B B VER AR T, IR A, 2,4- — F ILEE
PR RA) IS A PR SR P SR B I, 45 o T
VRN R AT AR U IS R B Y 99.2% T 99.4%
2,4 B PRI R Il AR R B AL T AR 1 - FUR A
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