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Maturation characteristics and quality evaluation of Huizao jujube from

six producing areas in Southern Xinjiang

Liu Tiantian', Chi Yingying', Zhao Jiaji', Zhang Lingyu', Lin Minjuan’, Li Xingang"*

('College of Forestry, Northwest A&F University, Yangling 712100, Shaanxi, China; *College of Horticulture and Forestry, Tarim Univer-
sity, Alar 843300, Xinjiang, China)

Abstract: [Objective] Huizao jujube, originating from Xinzheng, Henan Province, was introduced to
Xinjiang in the early 1970s and has now become the dominant dried jujube cultivar in the region. To
better support the high - quality cultivation and production of Huizao in southern Xinjiang, this study
systematically investigated the mature quality characteristics of Huizao from different producing areas
and their suitable cultivation patterns. [Methods] Using Huizao fruits from different producing areas in
southern Xinjiang as the research subject, analysis of variance, correlation analysis, and principal com-
ponent analysis were used to explore the mature quality characteristics of Huizao fruits from different
regions, the influence of cultivation patterns on Huizao quality, and to establish maturity kinetic models
for Huizao from different producing areas. [Results] There were certain differences in various quality
indicators of Huizao from different producing areas. The single fruit mass was highest in Yecheng
Huizao (7.54 g) and lowest in Wensu Huizao (5.76 g). The longitudinal diameter was largest in Maigaiti
Huizao (36.79 mm) and smallest in Alaer Huizao (31.75 mm). The transverse diameter was larger in
Maigaiti (23.81 mm), Yecheng (23.33 mm), and Luopu Huizao (23.03 mm), while the smallest value
was recorded in Wensu Huizao (20.79 mm). The brightness value (L) was higher in Yecheng (27.67),
Maigaiti (27.57), and Qiemo Huizao (26.00), and the lowest in Luopu Huizao (14.13). In terms of sugar
and acid content, Qiemo Huizao had a relatively high titratable acid content (0.32%), while Yecheng
Huizao had a lower one (0.21%). In sparse - planting orchards, Yecheng Huizao had the highest soluble
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sugar content (76.79% ), while Wensu Huizao had the lowest (46.25%). Among the sugar-acid ratios,
Yecheng Huizao recorded the highest value at 344.50, while Wensu Huizao had the lowest at 128.38. In
dense planting orchards, the sugar-acid ratio was higher in Wensu (317.88), Alaer (312.84), and Luopu
Huizao (307.22), while it was lower in Maigaiti (269.98), Yecheng (271.86), and Qiemo Huizao
(256.39). The hardness was higher in Wensu, Alaer, Maigaiti, Yecheng, and Qiemo Huizao, with the
lowest value observed in Luopu Huizao. The springiness was higher in Qiemo and Luopu Huizao, while
it was lower in Wensu and other producing areas. The cohesiveness of Huizao was higher in Wensu and
Maigaiti, while it was lower in Luopu and Qiemo. The gumminess was higher in Wensu, Alaer, and Mai-
gaiti Huizao, while the lowest level was observed in Luopu Huizao. According to the comprehensive
evaluation results, the fruit quality ranked from high to low is as follows: Maigaiti, Yecheng, Qiemo,
Alaer, Wensu, Luopu. The quality characteristics of Huizao varied with cultivation patterns across differ-
ent producing areas: Wensu Huizao showed significant differences in single fruit mass, brightness value
(L), and soluble sugar content between dense and sparse planting. Alaer Huizao exhibited significant dif-
ferences in brightness value (L), gumminess, and soluble sugar content between sparse and dense plant-
ing. Maigaiti Huizao exhibited significant differences in single fruit mass, brightness value (L), and sol-
uble sugar content between close and sparse planting. Yecheng Huizao showed significant differences in
single fruit mass, brightness value (L), gumminess, and soluble sugar content under the two planting
densities. Luopu Huizao showed a significant difference only in soluble sugar content between sparse
and dense planting. Qiemo Huizao exhibited significant differences in single fruit mass, brightness val-
ue (L), springiness, gumminess, and soluble sugar content because of planting density. Comprehensive
evaluation results indicated that Qiemo and Yecheng Huizao performed better under sparse planting con-
ditions, while Wensu, Alaer, Maigaiti, and Luopu Huizao achieved higher scores under dense planting
conditions. The maturity kinetic models of Huizao varied among producing areas: In Maigaiti, the total
soluble sugar content of Huizao showed a significant negative correlation with water content (R* =
0.809, P<<0.05). As the water content decreased from 63.45% to 20.98%, the total soluble sugar content
increased non - linearly from 39.27% to 89.48%. In Qiemo, the total soluble sugar content of Huizao al-
so showed a significant negative correlation with water content (R* = 0.712, P << 0.05). When the water
content decreased from 59.19% to 20.39%, the total soluble sugar content increased non - linearly from
29.45% to 85.12%. In Yecheng, the total soluble sugar content of Huizao was significantly negatively
correlated with the water content (R* = 0.774, P << 0.05). As the water content declined from 53.23% to
18.98%, the total soluble sugar content increased non - linearly from 29.23% to 73.52%. [Conclusion]
Climatic conditions vary significantly among production regions in southern Xinjiang, which affects the
growth and development of Huizao, as well as the quality formation and retention during maturation
and drying. Consequently, Huizao from different regions exhibits marked differences in quality and suit-
able cultivation patterns. The maturity kinetic model can serve as a simplified alternative method for
evaluating Huizao quality. The research results would provide data support for the high - quality devel-
opment of Huizao in southern Xinjiang.
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Table 1 Moisture content of Huizao jujube from six

producing areas in Southern Xinjiang
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Fig.1 Water content gradient map of Huizao jujube in Luopu, Southern Xinjiang

EHEE



55731 XURHEH 5« P 5H 6 7 A A RRARFALE K2 it S VP4

1837

WE B BB, 8 A bR R R GRS 225 0.01 mm) I
HIRLYMELE
123 REmeE VLR 15 NMEBIFRAE S KR
(1) SR 52, A FH €8 25 A ) 1 SR S ) SR T A R AR
ERAL I 5E 3 K, BB B 2 10 3 5 AR
(L) AEHE () EHEAE D) .
124 RESFME  FEHLIEE 1S5 AL BIbRES
K E RS, SR A B[ 77 Y5 9 TAXT.plusC [ i
PRSI 5 SR SR 5 P9 SR M i e 4 S DA IR
ST o il S5 R IR K AL SR I A v A
S 33 P i e T P SR A R B R A
125 THEWBELSRFTHIRASNE MLk
B 15 AN IR BIARTEE B 7K 28 (1) L SIS FH S il B2 U
SE TR T Y, SR FH TR W R o VR S T
SERR S B, HEIR Lo B S B S R B LU
1.3 RAERFR KK N FRBERIE

I FH AN [ RS A B B 2 (1) 5 7K 26, 5 ] Y 4 A
W& EMA TR,
1.4 HUELIE

1 F Microsoft Excel 2010 4% 1 %t B4 i3k 47 4%
it f# I SPSS Statistics 26 FH4 %F $ 45 i 47 FL R &R
T3 243 M« E B 43 AT R Spearman AH 5% 14 43 4T 45
18 FHl Origin 2021 %%

2 ERE55W

2.1 FEEE4HbM 6 N EHRCE BRFHER HESIT
ol

2.1.1 miBeAFH AR AMIELE K2 NF
5 6 A AR RS i i AR bR . B AT VA PERE B 2 A
PR LU Ah , AR FR AR 3 i 1 [l 5 % 4 bl 1) 27 & 20
o FEANVERRR T, bR S BN, PR R R
KANM3(7.54 @) ST KA (T7.10 @) , BN iR
15 (5.76 @) KB F7 /R IKH (6.09 @) 5 I3 4K 2 (1) 51 IR
SR ST R R R R W RAE K
AN 53 4 I AR E R B2 . ARk
NFE 1 (36.79 mm) , Fe /MR H /R (31.75 mm) ,
& B B SBTRUR K3 05 H AR SA = Hi A2 35)
ZRRE . MAERKNAZEETE(23.81 mm) .
(23.33 mm) K % i K & (23.03 mm) , 5 iR 15 - Bl hir
IR HARY) 2 5 835 B/ R IRTE (20.79 mm) , 5
HESAFY EREE . MIQ7.67) % &% #
(27.57)  H AR IR A L(26.00) 1K, 2 B H: B Rz it

REmRMR

6 N R R

=
B

&

Table 2 Fruit quality traits of Huizao jujube from six production areas in Southern Xinjiang
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Sparse planting
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jujube orchard
46.25+4.25d

content/%

diameter/mm

diameter/mm

mass/g

jujube orchard

jujube orchard
70.27+2.85 be

317.88429.49 a

128.38+4.74 d
198.35+9.69 ¢

7.1240.99 b 0.29+0.09 ab
8.03+£1.39 b

17.59£1.52 ¢

17.44£2.35b

33¢

312.84+17.16 a

65.12£3.18 b 58.29+5.90 d

0.24+0.08 ab

20.09+2.75 b

22.14£3.11b

82b
27a
93a

0.26+0.03 ab 68.64+4.50 b 75.42+6.73 b 290.18430.73 b 269.98+10.15 be
344.50+35.60 a

0.21+0.02 b
0.22+0.01 b

8.29+0.79 b
9.40+0.83 a
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27.57£1.77 a
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307.22+18.67 ab
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# 1 4% Maigaiti
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7.10+£0.91 ab
6.74+0.85 b
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H. &K Qiemo

HANFNG FRERE P<0.05 ZREE.

Note: Different small letters indicate significant difference at P<<0.05.
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Fig. 3 Comparison of texture characteristic parameters of Huizao jujube from six producing areas in Southern Xinjiang
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Fig. 4 Correlation analysis of quality traits in Southern Xinjiang Huizao jujube
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Table 3 Principal component analysis (PCA) on fruit

quality indicators of Southern Xinjiang Huizao jujube

& L B
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Index nents

PC1 PC2 PC3 PC4
L5 & Single fruit mass 0280 -0.230  0.856 —0.042
4% Vertical diameter 0.174  0.170  0.827  0.134
1% Transverse diameter 0.064 -0.132  0.702 0372
FLP¥A{H L Brightness value L 0.885 0242 0204  0.150
21.%%8 a Red green value a 0.942 -0.039  0.258  0.069
% {8 b Yellow blue value b 0.979  0.073  0.106 -0.075
fifl ¥ Hardness 0.068  0.711 -0.046  0.379
i1 Springiness -0276 -0.503 -0.491  0.166
P 2 Cohesiveness 0.062 0778 —0.144 -0.260
fie M Gumminess 0.049 0956  0.040  0.005
IR ER sy 0.137 -0.160  0.093  0.871
Soluble sugar content
PR L Sugar-acid ratio -0.050  0.127  0.136  0.860
L {H Eigenvalue 2.852 2484 2324 1927
FEET 23.765 20.701 19.365 16.059
Variance percentage/%
RIFTTHRE 23.765 44466 63.831 79.890
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Table 4 Comprehensive evaluation of Huizao jujube from six producing areas in Southern Xinjiang
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Fig. 5 Comparison of quality traits of Huizao jujube under close planting and sparse planting patterns in six producing

areas of Southern Xinjiang
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