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ABSTRACT: Objective To compare the quality differences of functional components in different producing areas
of Chinese jujube. Methods Twelve jujube materials from different habitats in Xinjiang were selected to determine
the content of polyphenols, total sugars, total flavonoids, saponins, cyclic adenosine monophosphate (cAMP) and
vitamin C. The quality of functional components of jujube were comprehensively evaluated by principal component
analysis and cluster analysis. Results The sample areas of top 3 polyphenols were Yiwu County, Hotan County and

Xayar County, top 3 total sugars were Yiwu County, Ruogiang County and Yarkant County, top 3 total flavonoids
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were Yiwu County, Maralbexi County and Xayar County, top 3 total saponins were Makit County, Yarkant County

and Luntai County, top 3 cyclic AMP were Xayar County, Makit County and Shule County, top 3 vitamin C were

Shule County, Tumxuk City and Aral City, respectively. The department of functional component evaluation of

jujube was simplified to 4 principal components, and the contribution rate of cumulative variance was 92.359%.

According to the comprehensive score of the functional components, the top 3 producing areas of the functional

components were Yiwu County, Xayar County and Makit County. When the Euclidean distance was 15, the jujube of

12 producing areas could be divided into 3 types according to the functional components. Conclusion The analysis

method based on principal component analysis and cluster analysis is simple, scientific and effective, which can be

used to analyze the quality of jujube from different producing areas.

KEY WORDS: principal component analysis; cluster analysis; jujube; functional component
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B AR R FREE A A R, ey it
95%LL b LIERFEE, BadEd & C (vitamin C, VO,
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RSB/ F); Enspire2003 ZINREMHFIN (IR pE 2%
A]); FA2204N HL TR V-CRE B 0.0001 g, Figs (e A bR
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H1650R £ 2 i B2 Vk 25O HL G R A S 00 3 A R I AT
B2 o
1.3 XWFE
13.1 %38, EHWfFLFLSZHNT

HU100 g AAAMLTE, L8, BBvInia, RERR
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B 10 min, B, i 0.22 um AR B E SR AL
AR {6 13 % (high performance liquid chromatography, HPLC)
WE o
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PEREEE 10 pL; A K 268 nm.

PRy 2 WREAR VAR, 40 ) TC il s v A VTR i R
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Table 1 Content of polyphenol in jujube from different
producing areas

=2 g T/ (mg/g TH)
S PrEE 7.88+0.15°
S, FIH EL 8.040.26"
S; WL 8.42+0.47°
S4 el 6.57+0.10°
Ss Fai b 7.03+0.22¢
S FrIeH 6.22+0.09°
S, [ SET# N 7.2140.38°
Ss EIAET 5T T 7.22+0.34°
So B2 7.00+0.14¢
Sio CAELR 6.52+0.36°
Su B AL R 5.97+0.07°
Siz R 6.03+0.23°

T FWFIARR/NG 5B A B3 122 53 (P<0.05), Tl

PE2E5(P>0.05). TN BERL M RS LA AE SRR
LA R BPY, AR S R B R R IS, Rk T,
TR RE B i AR, 2R B et AR AE AN I i A B8
AARFERR, T8 AR IR & RS . EE
Ja& TR Bl A R FH 2t DX T W A oy T R T I A AR,
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S EHES T 3 LTRGBS B e B ATR
R, KMy E LRSIt FhER
(P>0.05); A& BEA/DRLT A 1R VDA B fe A B
WA, Ky RS A B RM SR LR ENER
(P>0.05). PRI 22 B . Bl Ko HIE
SRR SRR, DR B 3598 AR Aok
F, EBJE T RE A, 4598 BRI 4 Bz I e 1
FRAME, XEMBEE ., S, K EREKR, H35%
ERVR A B SO B B 2 M 22 53 (P>0.05), FHAIR
BEL OB KA REZRWMEE, HHERE R R
W22 S R

%2 FREFBIFHEESE

Table 2 Content of total sugar in jujube from different
producing areas

=2 i TR /(mg/g THE)
S HER 524.31£11.42°
S, FTH B 462.98+13.08°
S3 AL 397.75£12.51°
Sy BAEHE 405.34+2.73°
Ss B 360.19+15.25¢
Se et 561.20+12.06°
S, [HETR N 414.85+14.97°
Ss EIARES va T 490.25+9.59°
Sy B iy B 464.63+5.35
Sio EAER 474.87+2.92°
Su AR 515.2249.21°
Siz WHEL 572.25+12.22°

213 REFHRGEEHRSE

AN = 2T A B R S AN SR 3. R 3 ATAL B
WA S R HEA T 3 LT A A RS B A B
e B, Horp A B B D) BRI S R TR ER
(P>0.05); Jeb i il 25 12 A5/ ) R 21 A 77 b o S i 22 2 i 5L
IR ELANYSZE B, b B AL BRI 4 B R 5 BT
2R (P>0.05), T H A 2 B #02 A R RAR
FE, Ik, 2 A EYI SR, T %P R 5
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Table 3 Content of total flavonoids in jujube from different
producing areas

F5 7E o /(mg/g THE)
S HER 0.28+0.01°
S, I B 0.2240.02"
S; Th AL 0.24+0.02°
S4 tHH 0.20+0.01°
Ss Faft 0.19+0.01°
Ss #HIEH 0.23+0.01°
S, B[ R7 R 7 0.20£0.02¢
Ss IR EF T 0.21£0.01°
So i 49 B 0.21£0.03°
S0 mAER 0.25+0.01°
Su B AL 0.17+0.01¢
Si WL 0.17+0.01¢

214 IR FRHORGLEFEE

ANFEFHULT A B EANER 4 PR, B3R 4 715,
BH SRR 3 W R R SRR R
BHEE, SHENBH SRR FEEZERP>0.05); B
sl (U FARTRSS {1 71| Bl E V7 N 1 1) B = | - =
Hybm#AmoEEEMeEH T e LR EHER
(P>0.05). Bz EP s NS g L 2 vk &
B, AZRWRMERZERE . LI, Ko, HESAR
PR S s, HLrp o AIUAE i £ R X6 B8 iR B ) S 3%
AR X 2 B S 225, nTRst e ML
HUIBH &R BV R

F4 TRFHITHEESE
Table 4 Content of saponins in jujube from different
producing areas

2.1.5 B FHALLREG cAMP &5

ARl = LT A cAMP & i AN5% 5 IR o & 5 FTAN,
cAMP FEHEFA AT 3 LR~ H RV | R
A B, Hrp v BN Z S 4R B cAMP 5 G
#5(P>0.05); cAMP B ILL A b4 HL R B
BT HL R T A JE B, 3 AR 1 cAMP & A &
725 (P<0.05) ST PR E LB, AR PR Ab R A
PRI E FEAH — & R, JEm R #E0) cAMP &,
AW A=A cAMP S B 225, AT RE SR
P S A — R G R

£S5 TREEHMAEL cAMP &8

Table 5 Content of cAMP in jujube from different
producing areas

P P i /(nglg T
S PER 517.44+1.62°
S, FTH & 455.72+0.55"
Ss WL 572.16+9.55°
Sy s 423.08+3.00¢
Ss FZFRPE 570.18+0.29°
Se #reH 444.20+4.01°
S; BaTR /R T 432.29+1.20"
Ss A& ST 508.95+1.77¢
Sy B ) B 525.94+1.56"
Sio mAE R 522.78+537"
Su AL 504.53+3.83¢
S, WEL 476.48+1.47

2.1.6 TR FRLRE VCE2E
AR F=HBLT AR VC S ik 6 Fizs . 3 6 Il A, VC
SHEART 3 20 oy A L | BEURET 5 Tl BT
R, b B REARSF T RN VC SR E R

A
=]
i

*x6 AEFFHLAFTHVCEE

Table 6 Content of VC in jujube from different producing areas

e it} i /(mglg THE) b= i} S HE/(mg/100 g T 45)
S (EARE= 0.162+0.003° S HER 107.11£6.19*
S, HIH B 0.158+0.005 S A B 112.89+4.91°
S; WHEL 0.161+0.002° Ss WL 112.00£2.40°
S4 el 0.163£0.001* S4 BEE 90.00+4.06°
Ss FZERH 0.167+0.002° Ss it 108.67+7.02°
Ss FHRH 0.160+0.003* Ss #IeH 77.78+4.29°
S, B[R IR T 0.133+0.006° Sy Ba[RL /R T 119.56+1.92¢
Ss FIARET st 0.157+0.002° Sg EIARES vE 133.78+8.36°
So B2 0.155+0.004* Se B ) B 137.78+5.59°
Sio CAEL 0.154+0.002° Sio mAE R 118.2242.14°
Su B AL R 0.156+0.003* Su ALE 109.33+7.02°
Si2 R 0.166+0.001" Si2 R 111.11+4 .44
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F(P>0.05); VC &R/ HLET AN EERR . G
BEMPELE, 3 AR Ve SR EEEER
(P<0.05). #f VC 37 +HE pH 52, XRse 20502 A
FH b DX A Bl Ay 31, BIF 5 B, R VC f B R 448 pH &L IE
. I, REHLIX LI VC f 25 5 0T AR JE ik 2
b X 13 pH AEAE %
22 INEER ST EIER S P

XF 12 AT P HILT AL 6 A THRER 45 FrilkFT PCA
M, BEHINFE T PR, BREUH 440 F 0, BRI 225k
RiRF 92.359%, ULHIHRELA 4 A~ E o T Ui B R
RLoM bR M3 7 MK 8 AL, PCA W £ FHER T £
W H cCAMP, TTBRZM 5N 85.2% . 68.2%; PCA, FHLE4
TR, TTERR & 85.7%; PCA; F LA T cAMP, ik
i 55.0%; PCA, FELZEA T MbE, 5 73.0%,

F3=0.314X,-0.127X,-0.603X5+0.391X,+0.512X5+0.328X (3)
F,=0.117X,+0.774X,+0.264X5-0.112X,+0.186X5+0.52Xs  (4)

AAEAS T 1053 BT Xk 107 B9 R A (L o P 48 R 32 i 4

FREAZ A FE I A, THE 2R 2 PP A
F 4=0.379F+0.252F,+0.208FF5+0.160F,

1E PCA JpHrit sl b, M8 DR 1925 5157045
TR R M 2D BRI LR B A5 28, SRR 9 fir
N, LRGBS U M LT S RE AL 25 i
by SRR, IREMIT LG S IRHEZ AT 3 107 U2
S PHEEAMZ S, IR 3 A B D BT
PR REEMA RS,

®T DREBSHBHENSH

Table 7 Analysis of total variance for functional components

F s it FEHEH HE%
2.3 INEERR S RIESIEMN PCA, 2.101 35.017 35.017
9T T B AN [ B FT B o A9 s, T X A R AR PCA, 1.397 23.277 58.294
SRR B TR AL AL B, AL ME S 0, AnifEZE N 11 PCA; 1.155 19.242 77.537
o AL AN 1V (A
B EHAAE, AR~ pCA, 0326 543 97.792
F1=0.588X,—0.405X,+0.353X5-0.05X,+0.471X5s+0.377Xs (1)
F,=0.069X,+0.228X,+0.371X;+0.725X,+0.272X5-0.453Xs  (2) PCA, 0.132 2208 100.000
=8 INEERL RIS RERE AR 5> R EERE
Table 8 Component matrix and component coefficient matrix of functional components
mh AR AR
1 2 3 4 1 2 3 4
2 (X1) 0.852 0.081 -0.337 -0.110 0.588 0.069 —0.314 —0.117
BHE(X2) -0.587 0.269 -0.137 0.730 ~0.405 0.228 -0.127 0.774
FR(Xs) 0.511 0.439 -0.648 0.249 0.353 0.371 —0.603 0.264
FAF(Xy) -0.072 0.857 0.420 -0.106 -0.050 0.725 0.391 -0.112
cAMP (Xs) 0.682 0.322 0.550 0.175 0.471 0.272 0.512 0.186
VC (Xe) 0.547 -0.535 0.353 0.490 0.377 —0.453 0.328 0.520

®9 TR ERINRER 5B M BRI 48R

Table 9 Results of quality prediction and evaluation of jujube functional components from different producing areas

e 7y Fi F: Fs Fy P He
Sy HE R 1.106 1.611 -1.353 0.921 0.691 2
S, ATH B 0.519 —0.099 —0.871 -0.299 -0.057 7
S; VDRE S 2.470 0.843 0.034 —0.585 1.062 1
Sy weEH -1.297 0.217 —-0.380 ~1.831 -0.809 11
Ss i 0.998 0.596 1.766 —1.415 0.669 3
S¢ g —2.242 1.271 -1.262 0.004 -0.791 10
S; B[R R T 0.057 -2.936 —1.295 —0.457 -1.061 12
Ss EIAET T 0.627 -0.565 0.505 0.932 0.349 5
So Fwigi 0.884 —0.855 0.806 0.882 0.428 4
S CAE R 0.429 0.041 -0.241 0.776 0.247 6
Su AL —1.484 —-0.474 1.115 0.296 -0.403 9
Si2 WL -2.066 0.348 1.176 0.776 -0.326 8
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