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Quality analysis and comprehensive evaluation of jujube seed kernel

from 24 provenances in northern Shaanxi

Abstract:[ Objective] Sour jujube is a wild type of cultivated sour jujube with a long history and
has attracted much attention due to its high value of traditional Chinese medicine. As one of the
main production areas of sour jujube, northern Shaanxi has rich sour jujube genetic resources. The
quality of sour jujube is not only related to genetic background, but also affected by the place of
origin and environment, showing different characteristics of the place of origin. There are
geographical differences in the quality of sour jujube fruit, the appearance of the core and the
functional components of sour jujube kernel. The evaluation and screening of sour jujube genetic
resources in northern Shaanxi have positive significance for promoting the stable development of
the sour jujube industry. The study aims to comprehensively analyze the quality of sour jujube
kernels from different production areas in northern Shaanxi, so as to accurately screen sour jujube
genetic resources of different quality types, thereby providing a scientific basis for the
development and utilization of sour jujube genetic resources. [Methods] The study selected 24
wild sour jujube kernels from seven production areas along the Yellow River in northern Shaanxi
as the research objects. The apparent traits and functional components of wild sour jujube kernels
were comprehensively evaluated by using diversity analysis methods such as coefficient of
variation analysis, correlation analysis, and cluster analysis, combined with comprehensive
evaluation methods such as probability classification and principal component analysis. [Results]
Analysis of the phenotypic characteristics of Ziziphus jujube kernels from different provenances
shows that
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the Ziziphus jujube kernels from Hebei have the largest weight and are significantly higher than
those from other provenances, and the kernels from Shandong provenance have the largest
longitudinal diameter (7.30 mm) and transverse diameter (5.36 mm). The longitudinal diameter
(5.24 mm) and transverse diameter (4.44 mm) of seed kernels in Jiaxian County are the smallest.
The benevolence index is as follows: Hebei > Shandong > Ganquan > Qingjian > Yanchuan >
Wubao > Suide > Yanchang > Jiaxian. The sour jujube kernels in Hebei and Shandong are mostly
oval, while the sour jujube kernels in northern Shaanxi are nearly round. Among the 24 samples,
Shandong had the highest edible rate of 79.51%, which was significantly higher than other
provenances. Yanchang ranked second with 76.26%, and Jiaxian County had the lowest edible rate
(59.02%). The main quality metabolites of sour jujube kernels, fatty acids, total flavonoids and
total saponins, were determined and analyzed. The results showed that the fatty acid content of
sour jujube kernels in Hebei was the highest at 25.14%, while the content in Ganquan was only
21.65%. All samples were clustered based on 17 sour jujube appearance traits and 3 main quality
component content indicators. The 8 production areas were divided into 3 categories. The first
category included Ganquan, Yanchang, Qingjian and Jiaxian. The second category included arid
Yanchuan, Wubao and Suide. The third category only included Shandong production areas. The
intragroup correlation analysis of 21 quality indicators in 7 production areas showed that single
fruit weight, fruit horizontal diameter, fruit vertical diameter, fruit shape index, single core weight,
core vertical diameter, nuclear type index, kernel vertical diameter, kernel thickness, and kernel
shape index showed a high positive correlation (P<0.01). Among them, kernel yield rate was
highly correlated with kernel content rate, and edible rate was highly correlated with single fruit
weight, fruit horizontal and vertical diameters, and nuclear shape index (P<0.01). Through
comprehensive analysis of sour jujube kernels in different regions of northern Shaanxi, a
comprehensive evaluation system for sour jujube kernel quality was established. The results
showed that Shandong, Wubao and Yanchuan scored the highest in the comprehensive quality
evaluation of sour jujube. In addition, the fruits, cores and kernels in Shandong production areas
are larger, the functional component content of sour jujube kernels in Wubao area is higher and the
kernels are larger, and the kernel yield potential of Yanchuan source is relatively high.

[ Conclusion ] The research results show that the wild sour jujube germplasm resources in
northern Shaanxi are rich and diverse, and there are certain differences in the quality of wild sour
jujube kernels from different origins. Therefore, in the process of wild sour jujube product
development and quality control, the appropriate wild sour jujube origin can be selected according
to different needs to improve the quality and market competitiveness of the product. In summary,
through a comprehensive analysis of the core quality indicators of wild sour jujube kernels in
northern Shaanxi, this study established a wild sour jujube germplasm resource evaluation system,
which provides a scientific basis and data support for the quality evaluation and product
development of wild sour jujube kernels in northern Shaanxi, and has certain theoretical and
practical significance.
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Table 1 The frequency of qualitative characters for sour jujube

PR PR IR II AT % PEIR PR IR II AT %
Characters  Description Frequency Characters Description Frequency
[ ] Globose 7.86 JoHA i Obscure 2.65

szl WA JE Oblate 16.34 s 4 shallow and short 8.54
Fruit shape  #Hfi[&J¥ Ellipse 49.61 H&, A% Deep and short 69.83

Stone wrinkle

YU JE Ovate 26.19 R Deep and long 11.1

F5 41 Orange-red 13.45 7K Shallow and long 7.88
BSLFi 4 Red 10.44 Fi 4T Orange-red 38.83
Fruit color  JRZL Deep-red 72.47 B 4] Red 19.22
FR4L Brown-red 3.64 Seed color 541 Purplish-red 36.68

[ ] Globose 24.66 FR4L Brown-red 5.27
IR 7 Ellipse 28.57 T3 Full 81.33
[ 4 /¥ Conical 4.54 LM Fuller 17.35

SRk i
REFR SR Fi L

Stone shape  Spindle shaped 40.31 TJ2 Wizened 1.52
K Seed fullness

Long pointed
shaped 1.98
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Fig. 1 Morphological characterization of fruit, core and kernel of sour jujube from different
provenances. (A-B) The shape and color of sour jujube fruits; (C-D) Stone shape and
wrinkle; (E-F) The fullness and color of seeds.
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Table 2 Analysis of interspecific variation of characters of sour jujube

RN sAME BKNME BWE WEE TRARY
Characters MIN MAX  AVE SD (%) CV
FLRE Fruit weight/g 0.28 211 094 034 36.28
W5 M5 4% Fruit horizontal diameter/mm 7.60 15.62 11.58 1.44 12.43
Heg0 4% Fruit vertical diameter/mm 7.70 1897 12.66 1.80 14.19
RIZAEH Fruit shape index 0.78 1.45 1.10  0.11 10.16
FLI% . Single stone weight/g 0.02 061 027  0.08 28.91
9\ 1% Vertical length of stone/mm 5.59 1772  10.17 1.87 18.37
Fiki4% Stone width/mm 3.53 1005 696  0.83 11.96
G4 Stone index 0.80 3.22 148  0.32 21.59

10K#% & 10 stones weight/g 1.26 995 260  0.71 27.29



PR RAME BOKME BIE WEE BRRE

Characters MIN MAX  AVE SD (%) CV
{=49\1% Seed longitudinal diameter/mm 3.96 1026  6.10 0.98 16.09
k4 Seed transverse diameter/mm 3.02 7.33 4.89 0.58 11.93
{~JEJZ Seed thickness/mm 1.04 331 240 032 13.19
{ZJE4840 Seed shape index 0.78 1.89 125  0.15 11.68
50411~ HE50 seeds weight/g 1.08 395 186  0.55 29.56
A & Z Edibility rate% 66.29 89.01 76.41 11.56 15.13
H{~ZFKernel rate% 7.24 21.54 1634  3.04 18.59
% {~ % Ratio of containing seeds% 40.06 99.01 90.33 12.22 13.52
XA~ ZDouble kernels rate% 1.15 28.71 1128  6.16 54.61
JE i iR Fatty acid% 17.86  29.68 2347 3.0l 12.80
& 2 F¥ Total saponin mg/g 3.45 10.56  6.49  2.01 31.01
S # i Total flavonoid mg/g 4.69 1072 695  1.50 21.58
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Fig2 Comparison of phenotypic traits of sour jujube seed from different provenances

(Different letters represent significant differences P<0.05)

A B s
ab abc a 2
204
k)
g £3
<= ~ o 154
i 2 W
& Lz 04
= W
I = H <
5_
0_
Clas DZS
= @
g g
z _
£ =%
~'= ~ =
£ ¥ 5
W U
— a % =
g E
.é =
=
el
Provenance Provenance

3 NEFR~ 2 IR
(F: AFFRRIRZR 3% P<0.05)
Fig 3 Comparison of yield traits from different provenances
(Different letters represent significant differences P<0.05)
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Fig 4 The content of functional components of jujube seed from different sources
(Different letters represent significant differences P<0.05)
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Fig 5 Cluster analysis of 8 provenances based on the phenotypic and functional
components of jujube
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HBE2H Total saponin
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Fig. 6 Correlation analysis between main quality index and apparent index of sour jujube
kernel from different producing areas
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Table 4 Principal component analysis of phenotypic traits and functional components of sour

jujubes
PERFERR % 15 %4 Load of each principal component
Character index 1 2 3
RSLHEFVD 0.985 -0.009 0.109
MIEVLS 0.976 -0.092 0.001
FLUREFHD 0.969 -0.062 0.095
{Z)JEEST 0.963 -0.066 0.008
R SLHE4EFHD 0.948 0.157 0.209
S0k~ HE50SW 0.927 0.293 0.153
12 4RSI 0.897 -0.101 0.267
L% FEESSW 0.888 0.211 -0.328
RILFHFSI 0.871 -0.373 -0.104
10K 4% B 10SW 0.861 0.333 -0.342
=T Fa%LSST 0.784 0.505 0.123
TR B TS 0.783 -0.575 0.130
R ESW 0.766 -0.048 -0.426
=4 4%SLD 0.721 0.548 0.269
Al FER 0.654 -0.240 0.589
FI-FRCS -0.597 0.581 0.330
{~KE4£STD 0.218 0.906 -0.170
IR LA NE MR FA -0.191 0.723 -0.370
R A~ B B TF -0.035 0.657 -0.243
A~ ZDKR 0.029 0.643 0.468
HAZHKR -0.518 0.217 0.810
%ﬁ_ﬁ,ﬁ 12.112 3.953 2.237
Characteristic value
5 ,rﬁk K% 57.675 18.822 10.653
Contribution rate
Rt T E %
Cumulative contribution 57.675 76.498 87.150
rate
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ZHRKR; F123 RCS; X% DKR; "I ER; JEIIR FA; S2H TS; I TF

le fruit mass, SFM; Fruit horizontal diameter, FHD; Fruit vertical diameter FVD; Fruit shape index, FSI; Single
stone weight, SSW; Vertical length of stone, VLS; Stone width, SW; Stone index, SI; 10 stones weight, 10SW; 50
seed weight, 50SW; Seed longitudinal diameter SLD; Seed transverse diameter, STD; Seed thickness, ST; Seed
shape index, SSI; Kernel rate, KR; Rate of containing seeds, RCS; Double kernels rate, DKR; Edible rate, ER;

Fatty acid, FA; Total saponin, TS; Total flavonoid, TF

BET A 43 T R REAIE 1) B AR HEAL B, Kb dEAL I 21 AN FE R EE RS
BUH A 4 AR &SR0 B TR A5 & O R 800095004 3.480.1.988..1.496
1155, A& ERSF A G REMEN A0 (R5). HTHE -l ERE
Rk, RN E A, HITER, IDARMERSE R%K, UGG /Rs REm
R .

XFEAERG R BATHE . 88 1 ERa i =40 0000 &R HR. g, HARsE,
PR, B K. 52 ERUM W 3 LR, 48, K, EERMEARELR. &
RATIRE T SR 55 3 ERIET 3 A oAIAR. RE. CIIHPEREIAM TS
FRIIIIHT 3 B AR TEH R R BRRAEFRLE G5 SRS R BEAT A
MR (R 6): HEMEDS 13 MNRAEREZEEMI, Hh5RREE, 10 RikxE,
FAZESE 10 MR R IEAK (P>0.01), SRR, Z#E% 3 MR EE FH L
(P>0.05). FRIILEE1F 5 BEMEFE IR R R I 100

* 5 TRIMIRGZATEN B SHA

Table 5 Comprehensive evaluation scores and rankings of different provenances

. HE W55
A N He44
Scores for each principal component ]
Provenance Score Ranking
1 2 3 4
‘H R Ganquan 0.202 -3.278 -9.213 -1.273 -1.563 5
ZEK: Yanchang -0.696 -1.365 -5.715 0.007 -1.639 6
%E )1 Yanchuan -0.804 1.284 1.575 -1.180 -1.278 3
ZZfH Suide -1.262 1.985 -1.983 -1.181 -1.411 4
151 Qingjian -1.340 -0.745 -6.385 2.006 -1.767 7
# B Jiaxian -3.312 -0.949 -24.646 0.630 -3.030 8
S AEWubu -1.044 2.820 4.605 0.600 -1.015 2
111 % Shandong 8.256 0.249 41.763 0.390 3.852 1

xR 6 GABDSEBREHRBXRY
Table 6 Correlation coefficient between comprehensive score and sour jujube characters

ERN R AR KRN R AR

Character Correlation coefficient Character Correlation coefficient




B E SFM 0.947" {~Fi4% STD 0.387
RSkifE FHD 0.962" {ZJEJE ST 0.939*
RELYE FVD 0.970** 1= 4R % SSI 0.870**

RILHEEL FSI 0.793* % KR -0.464

HiZ%E SSW 0.905™ FAF RCS -0.487

%42 VLS 0.940™ WA~ % DKR 0.126

EHiE SW 0.728" A% ER 0.611

%A FRHL ST 0.866" JEWi TR FA -0.044

10 FitZ #E 10SW 0.902" MR TS 0.658
50 ¥if~E 50SW 0.961" S TF 0.101
{=4\4% SLD 0.799*

(FRREFEMRK P<0.05 , = RpRMWRFHL P<0.01)
(“*’indicates significant correlation P<0.05,‘**’indicates highly significant correlation P<0.01)
3 ik
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N 8.35 -4.50 mg/g . LZAE IR A S B & B AR, 4 8.55 mg/g, HIR S E A /NA 5.12 mg/g.
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