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Analysis and comprehensive evaluation of quality traits of dried
jujube from Zhongyangmuzao systematic cultivars
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(1 College of Life Science ,Shanxi Normal University ,Linfen,Shanxi 041000,China;
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Abstract; [Objective) This study analyzed the differences and relations between fruit quality indices of
Zhongyangmuzao (Ziziphus jujuba Mill. ) series cultivars, searched key evaluation indices,set up a com-
prehensive evaluation system for dried jujube,and screened good cultivars to provide basis for fruit quality
evaluation and utilization of Zhongyangmuzao resources. [Method) Fourteen indices were determined from

nineteen Zhongyangmuzao cultivars. Six evaluation indices were chosen by variation analysis, correlation a-
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nalysis and factor analysis. The analytic hierarchy process (AHP) was used to decide the weights of indi-
ces,and a comprehensive evaluation system was established using the ration-satisfaction process and multi-
dimensional value theory. The comprehensive evaluation scores of nineteen cultivars were calculated, and
superiority ranking was conducted. Regression analysis was used to authenticate model accuracy. [Result]
Large differences in variations of fruit indices were observed in tested Zhongyangmuzao cultivars,and their
coefficients of variation (CV) were from 1.32% to 39.44%. The CV values of soluble sugar/titratable acid
of dry jujube,stone weight,acid content of dry jujube,dry jujube weight,fresh fruit weight and resistant to
cracking were larger while that of ratio of edibility of dry jujube.soluble sugar content of dry jujube and
dry jujube color were lesser. Six key evaluation indices including dry jujube weight, plumpness of dry ju-
jube,resistant to cracking, soluble sugar content of dry jujube,soluble sugar/titratable acid of dry jujube
and texture of dry jujube were screened from fourteen indices by correlation analysis and factor analysis. An
analytical hierarchy model was proposed based on the six indices,and weight coefficients of the indices were
30.20%,15.10%,32.04%,9. 37% ,4. 68% and 8. 61% ,respectively. The values of comprehensive evalua-
tion in tested Zhongyangmuzao cultivars were calculated according to the synthetic ration-satisfaction for-
mula. The comprehensive evaluation of dried jujube quality of Zhongyangmuzao cultivars showed significant
differences, and Linhuang 1, Jinyuanhong, Changtiaozao, Shaanbeichangzao, Jiaxianchangzao and Fang-
muzao were better. Regression analysis showed that the comprehensive evaluation model was acceptable
(R*=0.758) and could be used to evaluate the Zhongyangmuzao cultivars. [Conclusion) Dried jujube quali-
ty of Zhongyangmuzao cultivars could be evaluated by dry fruit weight, plumpness of dry jujube, resistant
to cracking, soluble sugar content of dry jujube,soluble sugar/titratable acid of dry jujube and texture of
dry jujube. Linhuang 1,Jinyuanhong,Changtiaozao, Shaanbeichangzao, Jiaxianchangzao and Fangmuzao are
better,while Shuaizao cultivars are suitable for candied jujube.
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Table 1 Introduction of nineteen Zhongyangmuzao cultivars
45 i i P FEM & F2 R X I
Number Cultivar Source Main application Main planting area
W BRI e B IX
1 HBH AR A & 55 F 3 A [iRE Hilly jujube region of Shanxi
Zhongyangmuzao Traditional main cultivar Dried jujube and Shaanxi along the Yellow
River
9 RS 1 Gt AR T AR il VY48 PR g % B
Baodeyouzao Traditional main cultivar Dried jujube Baode and Xingxian, Shanxi
) (ERENT RS [E¥& N RN il T o e . .
3 Jiaxianyouzao Northwest A&.F University Dried jujube BRPI & {E8 Jiaxian, Shaanxi
47 LUV 48 Ak B2 B Tl 25 WF 5% e
4 H = Institute of Horticulture Shanxi Acade- ] T Dried jujube PG Ak E Liulin, Shanxi
Jinyuanhong . .
my of Agricultural Sciences
5 mE S Institute of Pomology Shanxi Academy il T Dried jujube PG4 I & Linxian, Shanxi
Linhuang 1 . .
of Agricultural Sciences
A5 1LV 48 MOl B 27 B 5 T A L T s :
6 Muzao 1 Shanxi Academy of Forestry Sciences Dried jujube, candied jujube Ui P4 i B Linxian, Shanxi
g L1V 48 Ak Bk 2 B Tl 25 WF 5% e
7\ EAl =] =
7 ARG 7 Institute of Horticulture Shanxi Acade- FE“q: .. PG4 s EL Linxian, Shanxi
Muzaokanglie 1 . . Dried jujube
my of Agricultural Sciences
g I 145 1LV 48 MOl B 27 B 5 B il A a2
Shuaizao 1 Shanxi Academy of Forestry Sciences Dried jujube, candied jujube  Shilou, Shanxi
9 I 2 L1V 48 ML B 27 BT 5 B il 2 A Ve A8 £ L
Shuaizao 2 Shanxi Academy of Forestry Sciences Dried jujube,candied jujube  Shilou, Shanxi
L s W 0B B 5 B I L 40 B L
Shuaizao 3 Shanxi Academy of Forestry Sciences Dried jujube,candied jujube  Shilou,Shanxi
1 i ARH AL A ARA B K2 T e 74 45 4 1] B
Fangmuzao Northwest A&.F University Dried jujube Yanchuan, Shaanxi
12 Bedb K& [y R N T B VG 45 S )1 3 iR B
Shaanbeichangzao Northwest A&.F University Dried jujube Yanchuan and Qingjian, Shaanxi
FER R BV 45 B B T e g o .
13 Jiaxianchangzao Shaanxi Academy of Sciences Dried jujube, fresh jujube BRP 4 f£ 2 Jiaxian, Shaanxi
) PP S 117G 45 7K -2 5 i e il T e G . .
14 Yonghetiaozao Local specie, Yonghe, Shanxi Dried jujube L7 # Ak T L Yonghe, Shanxi
15 PORES 1LV 45 V] R il 1LV 48 v e L
Hejintiaozao Local specie, Hejin, Shanxi Dried jujube Hejin, Shanxi
16 FE 1] S BTG 48 4 1] Hb T i T B G 25 4 1] B
Yanchuantiaozao Local specie, Yanchuan, Shaanxi Dried jujube Yanchuan, Shaanxi
s B 45 81 4077 6 i B Bl 44 421 B
Bantiaozao Local specie, Yanchuan,Shaanxi Dried jujube, fresh jujube Yanchuan, Shaanxi
S PG 45 4 1| L 5 T b (=] e N N
18 Lk ?i)ﬁﬁsﬁejcile {'1]{?“%11‘;” iﬁld Qingjian LNE WP 4 S8 )11 3517 2
Huitiaozao Q‘h'l'm);i ! * Dried jujube,fresh jujube, Yanchuan and Qingjian, Shaanxi
92 PG 44 9 )| A b5 . =
19 RAEE ?‘:);ﬁ;lé fpde)clle1fif%£:;*tnd Jiaxian il T Bt 4 A B
’ Changtiaozao N ) ! * Dried jujube Yanchuan and Jiaxian,Shaanxi

Shaanxi
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Table 2 Fruit quality indices of Zhongyangmuzao cultivars
éﬁ% / /0 /0, / / /0, /0, 0,
Xi/g X2/ % X3 Xy Xs5/% Xs/g X7/g Xs/% Xo/% X0 Xi1 X1z Xi3/% X4
Number
1 14. 20 28.50 6.60 5.40 48. 60 0.53 7.00 72.00 1.34 53.73 6.60 6. 60 92.43 6.60
2 11. 60 33.60 6. 30 5.50 50.00 0. 30 5. 80 71.30 1. 87 38.13 6. 90 6.70 94. 83 7.20
3 12. 30 32. 80 6. 40 5.50 47.60 0.35 5.90 75.20 1. 20 62.67 6. 80 6. 60 94. 06 7.20
4 21.60 28.00 7.10 8.50 53.20 0.75 11.50 70.10 1.58 44,37 7.30 7.50 93.48 6. 60
5 22.80 26. 40 5.20 8. 80 61.50 0.83 14.00 70. 30 1.78 39.49 8. 30 6.90 94.07 6.70
6 24. 30 26.50 7.50 4.10 45.90 0.87 11. 20 71.20 1.74 40.92 6. 20 6. 40 92.23 6. 60
7 13. 30 28.50 7.30 8.70 54.50 0.50 7.30 71.70 0.77 93.12 7.20 6.30 93.15 6. 80
8 23.60 28. 80 7.10 3. 20 48. 20 0.92 11.40 67.10 1.74 38.56 6. 40 6. 20 91.93 6.70
9 22.80 29.10 6. 90 3. 90 48. 30 0.91 10. 00 68. 30 1.69 40.41 6. 40 6. 20 90. 90 6.70
10 25.20 32.00 7.40 3. 30 46.10 0. 96 11. 60 71.60 1.65 43.39 6.10 6. 80 91.72 6.70
11 12. 30 29. 80 7.30 8. 10 52.60 0.48 6.50 71.30 0.74 96. 35 7.20 8. 40 92.62 6. 80
12 14. 30 28.50 5.00 8.50 54. 80 0.51 7. 80 72.00 1. 30 55.38 7.50 7.60 93. 46 7.00
13 20. 20 33.20 7.30 8.50 48.70 0.75 9. 80 74.80 1.60 46.75 6.50 6. 40 92. 35. 6.60
14 14.00 30.50 5.50 6. 40 53.00 0.43 7.40 71.40 0. 88 81. 14 7.20 6. 80 94.19 6.90
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R 2(&) Continued table 2
St 2
Al Xi/g X2/ % X3 Xy X5/ % Xs/g X7/g Xs/ % Xo/ % X10 Xi1 Xi2 X3/ % X14
Number
15 12.30 32.90 5.40 6.50 53.20 0.35 6.50 64.50 0.78 82.69 7.00 6. 60 94.62 6.70
16 13.10 30. 60 5.50 6.70 52.60 0. 44 6. 90 64.70 2.10 30. 81 7.10 6.70 93.62 6. 60
17 10. 40 36.00 7.10 6.50 46. 80 0.35 4. 90 69.70 0. 64 108.91 7.20 8. 50 92. 86 6. 80
18 8. 80 29.00 7.50 7.40 45. 20 0.35 4. 00 68.50 0.90 76.11 6.10 6.10 91. 25 6.30
19 17.10 28.50 5.10 8. 40 53.60 0.81 9. 20 69. 80 1.35 51.70 7.40 7.60 91. 20 6. 90
S A4 (i
q;/lijq{f 16. 54 30.17 6.50 6.52 50.76 0. 60 8.35 70.29 1. 35 59. 20 6.91 6.89 92. 85 6.76
)F/J;_?Dﬁ 5.36 2.59 0.92 1.92 4.09 0.23 2.71 2. 80 0.45 23.35 0.56 0.71 1.23 0.22
AR B Z R /O
l#f\fk % 32. 44 8. 60 14. 11 29.37 8. 06 38.82 32. 46 3.98 33.26 39. 44 8. 10 10. 30 1.32 3.21

T« X0 — X 23 AR 3 i AT iyt | 66 A0 ] P A R 4 i RO DA TR SR R SRR T R RO T T R B TR R L T A

TR L T B TR Y B TR R TR . K2 .

Note:X; — Xi4 represent fruit weight of fresh jujube (g) ,soluble solid content of fresh jujube (%) ,juice of fresh jujube,resistant to cracking of fresh jujube.ra-

R 4k

tio of dried jujube of fresh jujube (%) ,stone weight of fresh jujube (g).dry jujube weight(g) ,soluble sugar content of dry fruit (%) ,acidity content of

dry fruit( %) ,soluble sugar/titratable acid of dry fruit, plumpness of dry jujube,texture of dry jujube, edible rate of dry jujube(%) and color of dry ju-

jube, respectively. The same as Table 2.
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Table 3 Correlation of main quality indices of Zhongyangmuzao jujube fruits

3t b5 X X X3 X X5 X6 X X X X X Xi2
Idex ! 2 3 | 5 6 7 8 9 10 1 12
X 1..000

Xs  —0.429 1..000

X3 0.193 0.080 1.000

X4 —0.363 —0.142 —0.320 1. 000

X5 0.001 —0.370  —0.677%*  0.659**  1.000

Xs 0.958* * —0.495~ 0.200 —0.292 —0.008 1. 000

X7 0.949%* —0.524%  —0.002  —0.126 0.294 0.904* * 1,000

Xs 0.054 0.070 0. 240 0.151  —o0.117 0.026 0.043 1.000

X 0.619* * —0.261  —0.093  —0.325 0.012 0. 545 0.594%* —0.089 1.000

X0 —0.639%*  0.348 0.151 0.317  —0.012  —0.579** —0.613** 0.058  —0.969** 1,000

X1 —0.174 —0.157 —0.668* * 0.694 * * 0.908* * —0.179 0.117 —0.020 —0.122 0.161 1.000

Xi2 —0.248 0.212 —0.155 0. 400 0.245 —0.187 —0.153 0.091 —0. 366 0.439 0.526* 1. 000

T2 % RIARTE 0. 05 /K- COUID b 8 E MG, » % RIARTE 0. 01 /K CRUID b 8 25 A 56 .

Note: % represents significant at 0. 05, * x represents 0. 01 level (2—tailed).
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Table 4 Factor analysis of fruit quality indices of Zhongyangmuzao cuitivars

N Weight

fa b

Index A1 AT 2 ¥ 3 K 4 ¥ 5
Component 1 Component 2 Component 3 Component 4  Component 5
fief AL B R ffi - Fruit weight of fresh jujube 0.925 —0.152 —0.301 0.026 —0.055
i AT VR O B _ ra0 _ _ o
Soluble solid content of fresh jujube 0.539 0.301 0.044 0.059 0.678
ff IR P Juice of fresh jujube —0. 215 0.756 —0. 361 —0.274 0.082
ff A 24Pk Resistant to cracking of fresh jujube —0.163 0.761 0.333 0.275 —0.093
fif A T % Ratio of dried jujube of fresh jujube 0.134 0. 950 0.004 —0.082 —0.096
fof Z A% JFi f Stone weight of fresh jujube —0.943 0.138 0.193 0. 000 0. 085
TR BT Dry jujube weight 0.924 0. 145 —0. 280 0.032 —0.081
W =N
q:;!sﬁ*ﬁgfﬂ . 0.028 —0.041 0.025 0.975 0. 060
Soluble sugar content of dry fruit
AP - 5 5
Acidity content of dry fruit 0.416 0. 040 0. 856 0.035 0.073
TEHER L _ -
Soluble sugar/titratable acid of dry fruit 0.423 0.031 0. 861 0.015 0. 181
T AL B Plumpness of dry jujube 0.009 0.952 0.095 0. 000 0.191
FAIR A i Texture of dry jujube 0.032 0.392 0. 432 0.062 0.723
FHE(H Eigen values 3,334 3,272 2,122 1. 118 1. 102
] TRk /0

Ry 2 TR % 27.779 55.043 72.724 82.043 91. 226

Cumulative contribution rate
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2.3 HEAERMBERIHTRRENEEIEN
2.3.1 FMr¥ireomE  RTRPIRFE T AR
T RE B AR TR A T RO R LR T
FR T 6 T PEAN i b L MRS LS OC R KA 2 IR
IY AT IR 2 R A 4 26 B (3R 5) 5 [ B AR 4 W] — )2
RN 25 TR b 1) R 6 B R B R AR SR A R LR E
L 32 37 R L 1 ) DB R R (% 6
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Table 5

Hierarchical structure of dried fruit quality indices of Zhongyangmuzao cultivars

A A S AP SR Sz i T B (A) Fruit drying quality of Zhongyangmuzao

Z
AP IR F (B1) Appearance factors PURK T (B2)

Resistant cracking factor

BT H 5 (B4)

Texture factor

K K1 (B3) Flavor factors

L B (C fiof ALy 2 D HE PR (C FOPH R ’5
TR B (CD) JFPI ff@{mr;fg? $R¢n ZHECC3) g‘laﬁgﬁ_(u) . 1%;1‘ *ﬁmxttgu)bl R (C6)
Dry jujube weight umpness o esistant to Soluble sugar Soluble sugar/titratable Texture of dry jujube
’ dry jujube cracking of fresh fruit  content of dry fruit acid of dry fruit

x6 HRAAEMMHERIHFRRTNEENEHANEER -—BHERRE

Table 6 Discriminant matrix and consistency checking of evaluation indices for Zhongyangmuzao cultivars

A Bl B2 B3 B4 Bl C1 C2 B2 C3 B3 C4 C5 B4 C6
Bl 1 1/2 1/4 1/4 C1 1 1/2 C3 1 C4 1 1/2 C6 1
B2 1 1/3 1/3 C2 1 C5 1

B3 1 1/2

B4 1

CR=0.026 34 CR=0 CR=0 CR=0 CR=0
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2.3.2 REMFTRAMHEEEN RE“GWE HREHF.EHERWLEKT.
F7T PHAERMBERIITRRENEREERGE BEESS . GAEIRHEF
Table 7 Comprehensive scores and ranking of ration-satisfaction of dried fruit quality evaluation
indices of Zhongyangmuzao cultivars
o WPRRAN  PEAMR AR o G B
. FAORT R Tty o oot TRERE SR g mams  EREHE
it A e Resistant to  Soluble sugar Soluble sugar/ ', . . Order of
B Dry jujube  Plumpness of . . . Texture of Comprehensive
Cultivar ioht dry fuiub cracking of content of titratable acid drv iuiub excellent
weig 1y Jujube fresh jujube dry jujube of dry jujube 1y Jujube seore degree
FHAL 0. 30 0.23 0.39 0.70 0.29 0.21 0. 35 13
Zhongyangmuzao
B i i T
PR 2 0.18 0. 36 0.41 0. 64 0.09 0.25 0.33 15
Baodeyouzao
ﬁé@:(ﬂ]\ 0.19 0.32 0.41 1. 00 0.41 0.21 0.37 12
Jiaxiayouzao
ST 47
. Fr i £ 0.75 0.55 0. 95 0.52 0.17 0.58 0.72 2
Jinyuanhong
[ - .
. 1. 00 1. 00 1. 00 0. 54 0.11 0.33 0. 86 1
Linhuang 1
i (=
AR5 0.72 0. 05 0.16 0.63 0.13 0.13 0.35 14
Muzao 1
D b A (=N
AAGE L 5 0.33 0.50 0.98 0. 67 0. 80 0.08 0. 60 7
Muzaokanglie 1
| Iz A =]
‘)fh;gl N 0. 74 0. 14 0. 00 0.24 0. 10 0. 04 0.28 18
Shuaizao 1
1 =
JI'I'JT"@_Z -~ 0. 60 0. 14 0.12 0. 36 0.12 0. 04 0.28 19
Shuaizao 2
= 35
IS G 0.76 0. 00 0.02 0. 66 0.16 0. 29 0.33 16
Shuaizao 3
"
JIAR 0.25 0. 50 0. 88 0. 64 0. 84 0. 96 0.61 6
Fangmuzao
2 b 4 T
@Ejtk - 0. 38 0. 64 0. 95 0. 70 0. 31 0.63 0. 65 1
Shaanbeichangzao
. 1§E‘Jﬁ% 0.58 0.18 0. 95 0. 96 0. 20 0.13 0.62 5
Jiaxianchangzao
-
7](*1]/1? N 0. 34 0. 50 0.57 0. 64 0. 64 0.29 0.48 8
Yonghetiaozao
STV A% TR
ﬁj%ﬂ:pﬁ} 0.25 0.41 0.59 0. 00 0.66 0.21 0. 38 10
Hejintiaozao
I )| & ok
A 1| e 0. 29 0. 45 0.63 0.02 0. 00 0.25 0. 38 11
Yanchuantiaozao
1:&/%31} 0.09 0. 50 0.59 0.49 1. 00 1. 00 0.47 9
Bantiaozao
j}—(%$ 0. 00 0. 00 0.75 0.37 0.58 0. 00 0. 30 17
Huitiaozao
. AT
- ‘k/]j - 0.52 0.59 0.93 0. 50 0.27 0.63 0. 66 3
Changtiaozao
MR 7T ATLVE d AR A ROR S T4 A R BRI R .
R KRES, e 19 MRS Fp,EE 1 2.4 PHEAESHBERIHTFRIRESENER

Jit
A 1 T EANN S SR N | B i O & B2 B 1 N
Z M HT 6 44 3K L8 R R LA T AUR AN BOR Vi

— Hp

R B UE T R R f o s M R S T L L AR B
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%2
2
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5
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Comprehensive evaluation score
L ey B A S 5 Rl 4 2R 52 5 BT B 1 20 A7 25 1
ZiA VRN AR B 1 I E
Fig. 1 Fitness for fruit comprehensive evaluation based on
factor analysis and comprehensive evaluation model of

fruit quality of Zhongyangmuzao cultivars
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