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Comprehensive Quality Evaluation of Red Jujube Vinegars Made from Different Varieties Based on Principal

Component Analysis
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Abstract: In order to determine good jujube varieties for the production of vinegar, databases of soluble solids, total acid,
transmittance, color, total phenols, total flavonoids, antioxidant properties and volatile flavor components were constructed
for jujube vinegars made from four different varieties, Ruogiang grey jujube from Xinjiang, Zanhuang jujube from Hebei,
Tanzao jujube from Shanxi, and Tongxin round jujube from Ningxia. By comparing quality indexes and combining the
results of principal component analysis (PCA) and sensory evaluation, it was concluded that Tanzao jujube vinegar was
significantly superior to the other three jujube vinegars in terms of total acid content, total flavonoid content, 1,1-diphenyl-
2-picrylhydrazyl (DPPH) free radical scavenging capacity, 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
cationic radical scavenging capacity, hydroxyl radical scavenging capacity, and volatile flavor components, and scored
highest in both PCA and sensory evaluation. Therefore, Tanzao jujube was the most suitable raw material for jujube vinegar
production. The results of this research provide a reference for raw material selection for and nutritional quality optimization
of jujube vinegar.
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Table 1  Standards for sensory evaluation of red jujube vinegar

fibs AN L)

o IAREARORITNG, AR, AuE, TR 20~25
it AAFEHG, OFRIYN, EHORERRREL RO 11~19

(259
ARG, GRS, BERAIER 110
L EWEE W DRRUUOL AREPIR 2025
B B, AR BT 11~19
B, SRR, HHRT 110
L ASIERRRESE, FOREIYE ERUIKEOE 2025
ok SRRFRAIR K, WAL OR 1119
WEEIRELL HARIOR, BREREEE 1~
Lo EEOTHL WO, SR DB, B 205
- BN, MR, DB, K% 11~19

R, A 1~10

14 HEgi 500

SEIGEE3 R, SR xEsER. FFHOrigin 2018%
PEXHAER,  LASPSS 26.070 #8445 £t i A7 22 57 W 5
I3HT.

2 ZHR5sH

2.1 R[AIFR LA R B S A PR FE bR ) 22 o A

WIR2FT7N, 4 Fhor A SLES ¥ my 5 Pk & T2 4 & &= 0
MRS ELIER AN bRE . 4 P 2r 2R EE 2 1) 5 Al v
] 22 3 & o BORE R ZE R IYARE (P>0.05) ;
HAFESPEREB NSRRI ERETZR, 4 a®
TREE ) SR R BRI P ATVI>XVI>HVI>DVI, &
PR I PR B L SR R bR, 0T RO T, S
TR &S, KIFEAGOERLE, RESHIRIRTE R, SR
W EERY . S Ah, R A 5K A A A ) B R I
PEEAMGIER, KRR, 7E4 Fra &R
Bt H TV LI A o B R R A v, U B O SR ) T 2R
K

#2 Alnl SR AL AR A b

Table 2  Basic indexes of red jujube vinegars made from different varieties
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Fig. 1  Total phenol (A) and total flavonoid (B) contents of red jujube

vinegars made from different varieties
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Fig.2  Antioxidant activity of red jujube vinegars made from

different varieties
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Table4  Volatile flavor components of red jujube vinegars made from
different varieties
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Fig.3  Sensory scores of red jujube vinegars made from different varieties
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Fig. 4  Scree plot of PCA for quality indicators of red jujube vinegars
made from different varieties
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Table 5  Eigenvalues and contribution rates of PCs
PC AL 73 ZE ST % R ETTRE %
1 5.53 55.31 55.31
2 3.02 30.23 85.54
3 1.25 12.46 98.00
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F,=0.331X,+0.221X,+0.052X;40.279.X, +0.406.X; +
0.338X,+0.419X,+0.391.X,—0.158X,+0.359.X,,
F,=—0.246X,—0.173X,+0.564X,40.427X,+0.153.X;+
0.319X,40.03 LX,—0.105X,+0.436X,—0.285X,,
F,=0.400, +0.708X,+0.023.X;—0.096.X,—0.100.X; +
0.041.X,—0.059X,—0.30 L, +0.470X,—0.054X,,

A6 PCIMFFAE ) i Ry
Table 6  Eigenvectors and loadings of PCs

PCI PC2 PC3

a fh I S e BIE e BE

e g% ot E% ot Eg ot
X B 0331 0778 —0246 —0.428 0400 0446
X byt 0221 0519 —0.173 —0.300 0.708  0.790
X, L* 0052 0122 0564 0981 0023 0.026
X, a* 0279 0656 0427 0743 —0.096 —0.107
X; BT 0406 0955  0.153 0266 —0.100 —0.112

X, DPPHHMAERRE 0338 0795 0319 0555  0.041 0.046
X, ABTSHHET-HHZEERE 0419 0986 0031 0054  —0.059 —0.066

X &S 0391 0919  —0.105 —0.183 —0.301 —0.336
X Bisk —0.158 —0.371 0436 0758 0470 0525
X 3k 0359 0844 —0.285 —0.496 —0.054 —0.060
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Table 7  Standardized results of quality indexes of red jujube vinegars
made from different varieties
o o AR

o iy HVI DVI VI XVl
X B —0.138  —1498 0910 0.726
X, iy 0.556 —1.591 0.622 0.414
X, I* 0.248 0493 0.853 —1.593
X, a* —0.443 0.060 1.494 —L111
X S —0.845  —0.495 1.618 —0.278
X DPPH A% Pt —0367  —0.416 1.571 —0.788
X, ABTSHETHmAERE  —080  —0.710 1.529 0.061
X 78y —1279  —0441 1.237 0483
X e 1298 0.118 —0.015  —1401
Xy FERHR —0922  —0922 0922 0.922
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Table 8  Evaluation scores of red jujube vinegars made from
different varieties
TARRE F, F F F e BEENESY 4
HVI —1906 0579 1553 =069 2 81.04+0.33 2
DVI —1966 1077  —1407 —0.955 4 79.49£0.14° 4
V1 3.546 1185 0.064 2374 1 85.8410.16" 1
XV1 0326  —2841  —0210 —0.721 3 80.6420.02° 3
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