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Abstract: To explore the suitability of different varieties of fresh jujubes for candied jujubes processing,
physicochemical, sensory, and nutritional analyses of nine varieties of fresh jujubes at the white ripe stage were conducted.
Comprehensive evaluation was conducted through combining principal component analysis (PCA) and correlation analysis
(CA). The results showed that there were significant differences (P<0.05) in physicochemical and nutritional indexes between
the fresh jujubes and candied jujubes, with the coefficient of variation (CV) of fresh jujube indexes ranging from 1.89%
(b* value) to 68.83% (sucrose content); The CV values of all the indexes of candied jujube were all above 10%. Except for
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total sugar and sucrose, the CV values of other indexes all increased. Among which, the CV of total sugar was the lowest

(10.09%) and the CV value of hardness was the highest (80.10%). By using PCA, the indexes were reduced to four factors,

with a cumulative contribution ratio of 86.83%. The ranking scores of candied jujube was as follows: “Wuhezao”>*“Xinjia

nghuizao”>*“Zanhuangdazao”>“Fupingdazao™> “Taianlizao”>*“Jinsidazao”>“Jinsixiaozao”>*“Shanximuzao”>*“Xianwangz

ao”. Through the CA of the indexes of fresh jujubes and candied jujubes, it was determined that moisture, fructose, and total

phenolic content were the key indicators for screening suitable varieties for candied jujube processing. Further through the

PCA and sensory evaluation, the scores of the comprehensive analysis were ranked: “Taianlizao”>“Wuhezao”>*Fupingdazao

”>“Jinsidazao”>“Zanhuangdazao”>‘Xianwangzao”="Xinjianghuizao>“Shanximuzao’>“Jinsixiaozao”). The final screening

revealed the suitable fresh jujube varieties for processing candied jujube as “Taianlizao”, “Zanhuangdazao”, “Fupingdazao”

and “Jinsidazao” , which provides a reference for the selection of specialized raw materials for candied jujube processing.
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Table 1 Sample information for different varieties of fresh

jujubes
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Table 2 PEN3.5 electronic nose sensor performance description
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Table 3 Sensory evaluation and scoring criteria for candied

jujubes
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% 5 FEImMEREIER NG FHEEE
Table 5 Total and small molecule sugar contents in fresh jujubes of different varieties

S BAE/(2/100 g) # E 48 /(mg/g) FEHE/(mg/g) R AE/(mg/g)
B KR 17.17 £0.52° 23.99 +0.81% 20.62 + 1.70° 27.05 +1.15™
SRR 10.09 +0.59% 30.61 + 1.45% 10.45 +0.38° 34.68 £2.19°
Gthi R 8.25+1.4° 13.08 £0.71° 4278 +1.93° 15.26 = 0.40°
TR 9.10 = 0.20° 23.36 + 4.50% 27.50 +5.91° 24.86 +5.43°
by F AR 14.33 £0.22" 20.76 +0.48" 17.93 £0.93° 25.570.19°
#E R 15.38 £2.14" 21.56 +3.47" 5.87%0.75% 23.80 * 4.06°
iR A 12.39 + 1.23 34.81 323" 37.81 % 1.11° 35.08 £3.16°
Rz HR 8.36 + 1.65° 24.86 + 1,75 16.56 + 1.12° 25.63 +2.04°
2R 12.32 £0.92% 28.34+0.01™ 1.66 +0.10° 32.79 +0.25%

FH{E 1185 24.60 20.13 719

TR FH )% 27.17 25.43 68.83 23.04

Al k[ R S & AE 7.75~12.75 °Brix Z ],
AF 5 RZHBN 15.58%, “F{E N 10.18 °Brix. H
WS B A AT ER KR, R AR D N Tk
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FHR 5 AR, JURMEEACERE S BTE 825~1717 g100 g
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i R BEASERE, AR IR I e 22 /N, BiEST
F W NGy T RE B RO R A R R RE. R
FECY, UM EER R AR, RERE. RPN R R
£ 23.04%~68.83% Z.[i], B /N3 —FREXT £ i i L
SR . EEPE S EVEEDY 13.08~34.81 mygg, 113
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R R N A 2 /N, S VT PR T A 1S
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RARFERES 1.66 mg/g, FBAFHF G RERS & &0
B2
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R7 FEEMMIERZERN FHESE
Table 7 Total and small molecule sugar content in different candied jujubes
sa b BHE /(g/100 g) # E4E /(mg/g) JFEHE /(mg/g) EHE (mg/g)
EPFRRER 70.46 £ 10.39™ 19.83 £5.17°* 179.90 £ 36.73" 20.53 £ 8.07™
At KRER 66.63 £ 3.88™ 42.45 £2.66° 116.54 + 6.88™¢ 30.02 £2.82%
At NRER 63.75 = 1.80™ 11.17 £ 0.04% 153.56 £ 6.16™ 10.34 £ 0.21*
RAZRE R 59.78 +3.53" 18.50 £ 7.16% 68.08 +27.18° 15.81 £5.75°
Lo KRR E R 75.78 + 4.85° 8.80 £2.93¢ 140.85 £ 15.30™ 9.12 £3.05°
HRERER 68.08 £ 3.99" 21.55+5.77% 102.67 £ 23.64 18.53 £ 5.15°
FIBRAER 57.21 +6.43° 29.95+3.91™ 130.60 £ 26.29™¢ 2627 £3.15"
R RER 58.73 £ 3.46° 32.91 £ 6.86™ 153.11 £ 31.94" 29.57 + 4.48"
HERRER 57.63+7.19° 39.06 +2.27% 274.77 £ 45.98" 33.33 £1.25°
F341E 64.23 24.91 146.67 21.50
TR EZE )% 10.09 47.58 39.55 40.95

BRI TG & ' R ERS, 1A
52~68 °Brix, “F¥J{H A 61.96 °Brix, #H L fif 4 18 K
500 5, HABRERNEL KAFLTEARRE, 5350
68.00 °Brix 15 67.60 °Brix. 1My, PUIA MLER A 0] 3 &
o RERE % SEHE SN 6291623 mg/100 g.
41.00~191.95 mg/100 g. 1.25~2.80 mmol/100 g, ~F*
BI{E 4> ) N 11.66 mg/100 g. 92.53 mg/100 g-
1.81 mmol/100 g, #H b 5 2 73 5] F& ik 80.93%.
54.57% 53.11%. HP B8 & ERmmNEL K
B, RIKHFIAR R, W E R & &R e 2
WM G 22 /N Bk TR PR IR B
Y &2k,

222 RE At ERABL S 5T

Hi 3 7 AT A9 JUFD 3 R S E. A RE. R BE.
FRE AR T R B 10% LL . BORES BV E
1F 57.21~75.78 g/100 g, “V-¥J1H K 64.23 /100 g, #H
POBFE A 442 £, 235 m T A R S0 S =
(40%~60%)"" . o rp B b B B A v 1A O L P AR R
B, SREBICIANERKTCER, JUME R EREA
TS G N 8.80~42.45 mg/g. 9.12~33.33 mg/g,
“FHME S 3N 24.91 mg/100 g+ 21.50 mg/100 g,
BERANMBONLTEARRELR, RS ERERS, H
3 7 68.08~274.77 mg/g, “F-¥J{E N 146.67 mg/100 g,
FHE S AUE K 6.29 £, B ERIKIIN T LEE,
R O R E R, U SRR
T

B I

ol
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Fig.1 Electronic nose radar map (a) and PCA map (b)

of nine candied jujubes
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HLF B XORR AR, B A PR I 43 A
FE G I RE 8 AR AR IR U B, FEAR PR s 43
BT ZHIN A MR SR 2 SAE, g
THRIEESH.. HE laff B, 7E/LMER
BT & (L K88 R, WSS (3.06~4.22) 5 WIW
(2.70~3.78) 1E Fir A dits Fft oy 1y w0 97 AF 92 g0
Hh AR a2 A B AN A AR B 11 R R AF AR 0 8
B, G 2 K ORE RS AL AR WSS I S AE AH X
B e BT LTS [ A B S ) AR 4 R — B
#EA1T PCA (B 1b), PC1 M PC2 51 ik K 4 5 N
90.90% 1 6.79%, 2 1101 #k F ik F] 97.69%, W]
DA W SRl 3 R 2 [ Bk FE S ERY . B
RERFERGHMN\FELEAES, WHESIY
JAFE—E ey HRN\MELHFES, U
HAAEFSW LA — € A,

224 HAPERRE RN

P L N
18 —o-Lr it KA
—A- Gt N
—v- TR
—o— LI FHARE

ik < S

| WRER
> BT
Y
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2 AMERREITNELE
Fig.2 Radar map of sensory evaluation of nine candied
jujubes

UM E AR E PR RIS KL, W 2 fs. U
PR RAEALEA . O B AR, BRI
THAFAERE MR R RUFREAK I R
L* 8 H. PEER L My 1948, TE4L4UE A (15.13).
i (15.07). g (15.80), Mk (11.73) Jrif
DEE s AR EAR R T R S
EAAREZER, AW U (12.13) 5 1
FEARREA Ky & AR, BRI, R E, 1
AR (8.73), HIEITH (7.80) 7Bl R
EAREE L BAR. a* B b* BPNEAL, BF 8K
ik (8.07). EAREIFMLEHET, BLHEEL>T
AR > B R > G2 KRS E KRS EREAR =
IO > (L PUARA > G2 /A

23 ETERSNE K n TE 5 T M0
R

X LA A1) 13 I T FE b 5 T e B AE
(W5S. WIWD. BCE VP15 40 11 J5 4 209 34T Z
PRAEC AL B JS, B AT 3 SR E b, 4 R AL
xS, MMM L 9. AT 11
JEO, FEARECH 4 A FRGY, B ETER RIS
86.830%, HAEACTE B A5 AR bR 4 i o 15 BP0
R 8 FIZR 9 M A, 28— i/ M Z Tk E N
45.572%, LAZEAR W5S. WIW. BEES RN
F, B ER F R T R ARAR T R
B E T ETTEREE N 19.342%, FELGE T
HIEPE. B b E R, LT E AN
AR s 38 = T Z kR A 12.735%,
e AR/ e bR 1 B AR FE PR LR s 2800 3
BT ZE5THR N 9.181%, LSS N T

* 8 TRSEER B ERHE

Table 8 Characteristic values of principal components and
variance contribution ratio

A AT AR SIBA T T Ao
IR, L. EBRF L A EBRF
a W OTET cxme U qer £rak
1B R /% 1 1& 1% Y

7.292  45.572 45572 7.292 45572  45.572
3.095 19.342 64.914  3.095 19.342 64914
2.038 12.735 77.649  2.038 12.735 77.649
1.469  9.181 86.830 1.469 9.181  86.830

RO BAHEERE

Table 9 Component load matrix

B

Fy o 2R
1 2 3 4
BN -0.338 0610  0.095  0.658
ERTE 0.501 0290 0398  —0.430
By -0.444 -0.137 -0.496  0.298
TTAMEHYS  -0780 0503 -0211  0.063
TR A BR -0.585  0.144  0.730  0.099
AR -0.481 0241 0774 0.191
L* 0.749  0.553  -0.020  0.112
a* 0712  -0.073 0412 0328
b* 0.670  0.643  -0.068  0.190
F A4 0515 0757  -0.193 -0311
A 0515 0751  -0.178 -0.164
FENE 0.761  0.072 0412 0328
K5 0.769 -0.329  0.086  0.369
W35S 0914 -0246  0.101  -0.146
WIW 0929 -0204 0209  -0.079
BB 1R 0.793 0460  0.112 0.159
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MRAEARAEAL J (1 5% 3 bn 5 DX 7 38y PR T S 4%
EIr 15, AUk
Y1=-0.125X1+0.186X2-0.164X3-0.289.X4~
0.217X5-178.148X6+0.277X7+0.264X8+0.248X9+
0.191.X10+0.191.X11+0.282X12+0.285X13+0.339X14 +
0.344X154+0.294X16 (2)
¥2=0.347X1+0.165X2-0.078X3+0.286X4+
0.082X5+0.137X6+0.314X7-0.042X8+0.366X9+
0.430X10+0.427X11+0.041.X12-0.187X13-0.140X14~
0.116X15-0.262X16 (3)
¥3=0.067X1+0.279X2-0.347X3-0.148X4+
0.511X5+0.542X6-0.014X7+0.289X8-0.048X9~-
0.135X10-0.125X11+0.289X12+0.060X13+0.071.X14
+0.146X15+0.078X16 )
Y4=0.543X1-0.355X2+0.246X3+0.052.X4+
0.082X5+0.158X6+0.092X7+0.271X8+0.157X9~
0.257X10-0.135X11+0.271X12+0.304X13-0.120X14~
0.065X15+0.131X16 (5
A X1, X2, X3, X4. X5. X6. X7. X8, X9.
X10. X11, X12., X13, X14, X15 F1 X16 535l SpE
A ERR . B, AEPEREDEY) . PURMER. A
L*. a*. b*. H&IPE. RPE. BERE. K> WSS,
WIW FURE S BIbMEAE: Y1 Y2, Y3 A1 Y4 7
WIS RSN 1. ERAY 20 RS 3 AE
J&ar 4 K318 -
F10 WHERERSBH RS
Table 10 Principal components scores and ranking of nine

candied jujubes

e
A YI Y2 Y3 v4 T g
77

BERRRER 6799 029 -0.12 167 3117 4
L KARER 4852 -0.16 -146 —0.09 2189 6
Sy S RER 4282 194 038 -055 1989 7
FAZARER  139.74 238 -0.71 0.16 63.15

—_

L ARER -127.82 244 002 152 -57.63
RERER -434.00 -0.03 1.82 -0.19 -197.56

NSO

HEBRRER 11450 -1.04 -0.50 -1.44 51.78
AZARER 6772 037 147 -088 31.04 5

HERRER 8052 -144 -089 -020 3628 3

R IRy M, TR 4 A R 1S
PUREAS 32 By it L PR RFALE AEL o i 40 B 3 il (0
AEAE Z AN LE BB, 2 50 145 73 5 AH LA
PR RIS E A LR A1 (V) i .
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Y=0.4557*Y1+0.1934*¥2+0.1274*Y3+ 0.0918* Y4

(6)

SR A O B RIER I 10, AT
BUR, UL HORGE O SRR, LR R 64
TEOL s TOR > B R > B R > B KR >R
LERNT > L by FHR >4 4y /N > || AR T >k E &,

2.4 R B EOR & UM R M AT

* Kpli-c
* A 5 R -C
rer Saf-C
A RA-C
PR ML R-C
* fiflg-C
REL-C
* RiFa-C
HEb-C
- HiEIpE-C
* BERE-C
Cou HpE-C
* *kk 7K§)~_C
W5S-C
* WIW-C
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Ak E T -F
TE-F

REL-F

R a-F
HREb-F

T % HE-F
HEWE-F

BbE-F

IK5-F

A ML R-F

B 3 SR E RIS K
Fig.3 Correlation analysis of evaluation indexes between

candied jujubes and fresh_jujubes

i AL R SR G e BT an e 3 B BRI
e ESEALHEEEWMEEIEMX (=0909),
AN TR E R A AR AR, Hod DL BESE L
JEHES SR NN, B R R A AR
O 5 i 35 /NP, TR ok e S o SRR B v 1 JRORL A
FITE LAY ARIRE ; AT ESEE
fifi o 52 0 2 98 (7.=-0.709) 5 BERR Y a* 5%
Al E R G R 2R EIEMHKX =0.718) ; #EAT)
R 50 R 5 ALY R A R SR B R R IR AR
(r=0.764. r=0.769) ; fif & 75 5 b5 B A 1) ) &
PEFD RS & 2t 2 5 B (7=0.766+ r=0.752),
X RE 555 R R 2 AT A R AT S R
PECIE G, ARG RS EALESREEREIE
XK (r=0.678) 5 ARG GBS EERL K a*.
. WIW £ EFIEMX (r>0.712), 5EFKE
B K EREMREZEEHL (r>0.886). R
PR, WK EE. RESE. AHEE
P AR RS MNP R il T

Ka&E. BESE. S EHELFEai 5
FloRZR 2 B, R, R, B, ¥
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SRR, @ R, . Hr, BREEE R
i R, B R EAR L, EE IS
BUG B R MR EVHNM R 0 AR s TR AR
BUN, B R IRAE SR BIERE TR
BE VIO LA, e B B8 T s A oy
TEHIR, BERR, BPRA, G RA,

3 #ip

AP FE K F 3 3 43 i B S 43 i R G
T ARV oA TR E T . S5 RERHAR
i A R i T B R IRCET L B 5 IR R 2 A A
EREMEER (P<0.05). HPERETNLEEED)
He MR BB > A > B KA > G2 KA >
T A > ik A = 7R > 1 PR > 4 42 )N
ey ERD O ITLEEHE N TR > R OR > %
BERE> B RESRRRIES 10 KRS G2/
> L PEARR > FR T A, 38 e A 28 A o
MBI A, KaEa. RESE. BHES L
EIE A BRI T A KRR . ST
TR T SRR PR, B AR IR TS BI0E BN T
RO SRRy LS LN i B NN = B Nz
G i KA, AR TN AN TAT I )& P R Rk
BT — M S H K.
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