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Abstract: [Objective] Through the investigation of natural fruit cracking rate and soaking water induced
cracking test, we screened the crack-resistant resources, evaluated the fruit texture of different jujube varieties, and
analysed the relationship between jujube fruit texture and cracking. [Method] During the white, half-red and full-
red stages of date ripening, the natural fruit cracking rate was investigated and the cracking index was calculated.
Indoor water immersion induced cracking test on date palm fruits and correlation analysis. TPA-based analysis of
the relationship between fruit textural parameters and fruit splitting at the full red stage. [Result] There were 20
date varieties that did not crack under natural conditions, 39 with a cracking rate of less than 50%, and three date
varieties with a rate higher than 50%. The fruit dipping test of Dalizhizao belonged to medium crack-resistant

varieties, and the positive correlation between the cracking rate and water absorption rate at different periods was
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highly significant. The texture parameters were classified into four principal components using principal component
analysis and cluster analysis was carried out to obtain 13 varieties in the 1st cluster with the highest hardness and
7.92% cracking rate, and 15 varieties in the 3rd cluster with the lowest hardness factor and elasticity factor and the
highest cracking rate of 13.5%. [ Conclusion] Through the indoor fruit dipping test screening, Dalizhizao belongs
to the medium crack-resistant varieties, from the fruit texture analysis, date fruit hardness, elasticity higher class
group cracking rate is lower.

Key words: jujube; fruit cracking; relevance analysis; principal component analysis; cluster analysis
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1.2.1 | g REREAE 2023 FxF 42 AP THTUE R L AR R, S, AR A
ZRFG PEAL AN 7 AL BEAUEBUR S 100 A4S, (7 55 SR A SRS i) B AR R 2 AR 5

HARER (%) = FREANMUGITBAED x100

FRIRB=Y (RRFIAFERRRED | B Zo R R SRR EEO

1.2.2 RFEFM R T RELALI NG AL IS —, TRE . OISR T R F
RS 10 A4 [ SEE FTC A7 TMS-PRO FHAX . SR TPA 2005 S SERERE . KGR Hibk . SRk
BORGIE THIBMESE, MR ESHS I (B, 2023) 177,

1.2.3 RRFZKFRRE TRELOAM. L 2L =0, A SRR BORNE —
TRR. TN TR R FRRSE 90 4, (RERM, KRA SN 3 N0, B 30 MR,
FREVIGGEE, N M T, BNERKHRI 72h, FEHIEE Oh. 4h. 8h. 12h. 18h. 24h. 36h.
48h. 60h. 72h IR )&% it i 25 A 250 F) 5 B 2R

BKEEE (%) = GLRBUHFED <100

WKE (%) = [CRIEWOK G EE-BUKATER) MUKaTEE] <100

1.2.4 HAESAHT WRIEEIEI A TIIMHE. KA RIBEF . SPSS 27.0 Ml Origin2022 #4744 A FE A St
GrHT.

2 SR

2.1 FERBMEABRENPE

2023 49 HE 10 A, WEFR IR E L RARRSR, a8 if. mR 1 TUEH, EARR
AT ARBAZRM BFE 20 . ARIREN RAE RS2 15, ZERENNN 4% 21%. P4
W 8 MR AR, PRGN 2%~48%, HAEREENZEL 15, SOWH 22 MR RER
R, BEREERK, M 2%~94%A%, HRERMET S0%HEMMILE 39 4, HRWE™E, HET 50%
MBI 34, DAINELLE 4 5. BB SMEL 15, BERN 52%. 92%FH1 94%.

® 1 TRIEGRMBERRRE. RRIBBEEAH

Table 1 Natural fruit splitting rate, fruit splitting index and ripening period of different date varieties

A # g EceaR |
White ripening stage Semi red stage All red stage
s - e o e R
’ L PR /% . N R/ % , N ZLRA/% . N
Variot TR TR Wy Matre
ariety Rate of ) ) Rate of ) ) Rate of ) ) )
. Fruit split ) Fruit split ) Fruit split stage
fruit fruit fruit
o ting index L ing index L ting index
splitting splitting splitting
1 EIFEE Xuanchengyuanzao 0 0 0 0 0 0 10-14
2 WA AL 2 5 Huangyedongzao 2 0 0 0 0 0 0 10-03
3 #iPH¥2 k. Henyangzhengzhu 0 0 0 0 0 0 10-03
4 X B Yutuancizao 0 0 0 0 0 0 10-09
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5 I E4 Y& Linxianheyi 0 0 0 0 0 0 9-28
6 4423 25 Jinsixin 2 0 0 0 0 0 0 9-28
7 BEPEHER Shanxizhizao 0 0 0 0 0 0 9-22
8 J@A%l% Bianhesuan 0 0 0 0 0 0 9-28
9 AL Dongzao 0 0 0 0 0 0 10-05
10 R4 2 5 Xinzhenhong 2 0 0 0 0 0 0 10-03
11 4 2 Fengmi guan 0 0 0 0 0 0 10-03
12 KL Luodihong 0 0 0 0 0 0 10-03
13 i Mamazao 0 0 0 0 0 0 10-03
14 4BEF® Jinlinyuanzao 0 0 0 0 0 0 10-14
15 Il B 7K B1# Linxianshuituanzao 0 0 0 0 0 0 9-16
16 B Xinzhenglingzao 0 0 0 0 0 0 10-03
17 M4 KA Yiwudazao 0 0 0 0 0 0 10-14
18 K75 Dalizhizao 0 0 0 0 0 0 10-03
19 K#H A Daliyuanzao 0 0 0 0 0 0 10-14
20 BEIS A Mopanzao 0 0 0 0 0 0 9-16
21 [#% Tuanzao 0 0 0 0 2 0. 008 10-03
22 [ PG a8 25 Shanxi jidanzao 0 0 0 0 4 0.016 10-03
23 YA Popozao 0 0 0 0 4 0. 008 10-14
24 & Hupingzao 0 0 0 0 4 0.016 10-14
25 %25 Jinai 2 0 0 0 0 4 0. 008 10-03
26 FE )16 Yanchuantiaozao 0 0 0 0 4 0. 022 9-28
27 K449 Lejin 4 0 0 0 0 5 0.016 9-28
28 42437 35 Jinsixin 3 0 0 2 0. 008 5 0.016 10-14
29 KA. Changjixin 0 0 0 0 6 0.012 10-14
30 KE# Dabailin 0 0 4 0.016 6 0. 022 10-14
31 il Shidingzao 0 0 0 0 6 0.012 10-14
32 HA Xuezao 0 0 3 0.012 9 0. 064 10-14
33 {43 Baodeyouzao 0 0 0 0 10 0.02 10-03
34 =AF4T Sanbianhong 4 0.01 3 0.012 10 0. 06 9-28
35 F#EE# Shanghaibaipu 0 0 0 0 14 0. 056 10-03
36 12187 Manmanzao 0 0 0 0 30 0.128 10-03
37 P Jikang 0 0 0 0 30 0.12 10-03
38 A& Xiangzao 0 0 6 0.016 30 0.128 10-14
39 i3 /NE Linzexiaozao 0 0 14 0. 04 46 0.172 10-03
40 &4 45 Jinsixin 4 0 0 13 0. 032 52 0.212 10-14
41 W3S Jinai 3 0 0 0 0 92 0. 452 9-23
42 44215 Jinsi 1 21 0. 098 48 0. 27 94 0. 604 10-03

2.2 FEMmMHRIFRMESHERRNXER
2.2.1 TR S RERBLEK I RSO A BIEY ChrE AR, B3 2 af%n, KMO KT 0.5,
R R R BRI PG 56 2 25 1 sig B/ T 0.005,

/.

¥

EbRiE, FTREAT R AT TS E T RS
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REE S 58 R IAERE (RERZ 2). PERIE. siE. RS PEAIOEEE 7 Fh S8 . ik 3 W, il 4 4
I TT ETTRRIL 99.44%, [RIL, ATHTX 4 A3 o0 25 PN AN [R) 2 it b SR S o s

WG 7 AP SERTTIRR, FRATRERSCAERL . RGN TE. BERE 2 KN BPE IR SR — F oy, RONARERE
P75 R otk AR ISR S — 2Ry, VR T ORIV S = oy, VIR IR 7 THIEE )

NEWERTT, JHEH T .
7 2 KNO FIEB4FFIFHE I
Table 2 KMO and Bartlett's test
KMO I D) 1 =

0. 605
KMO Quantity of Sample Suitability
PTl£J5 Approximate chi-squar 533.6
ELRF R BRI BE A 56 5
e
Bartlett’s test of sp
E #H /& Degrees of freedom 21
hericity
BN Significance 0

*®3 2 N ERMREFMSHERS

Table 3 Principal components of fruit texture parameters of 42 date varieties

TIEELE BRY %
5 Mt
Percentage of varianc cumulative
Ingredient Total
e ly
1 4741 67.734 67.734
2 0.984 14.06 81.794
3 0.787 11.244 93.039
4 0.448 6.396 99.435
5 0.024 0.342 99.776
6 0.014 0.195 99.971
7 0.002 0.029 100

2.2.2 RRFRARENS FET RS WO B SHRI 3 00K T iy, o 42 AR AT IR
M. A K-means ShAEET IR F 00y 3 K2, i 1 A5 4 WTHn, B8R0 13 AN F,
HEE 30.95%, FIIFERA 7.92%; HRAE 14 NEEF, HH33.33%, HERN-2%, HRK
H 1S, HHEE, N 3571%, RREFN 13.5%. R EACMIE — SR 5P B AT &m0 R
Py SO E PR IR MR A, BERE. BRME. MHMEE B EAL TR S S O S R LA SR
SAPE. BOREPERIEAEME, SRR =R . B, TR TR R Em SR, B
(1 SR SR FEE AN L T R 2% 55 R R K

%4 2 DERMEIAHEAER

Table 4 Basic information on texture analysis of 42 date varieties
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Y5 fn fifi BE/IN FEEE/N.mm fifi BEIN N K PE/Ratio i /mm JR RPN RE I /mj
No Variety Hardness Adhesiveness Secondary Cohesiveness Springiness Gumminess Chewiness
hardness
1 12 HE Fengmiguan 106.64 0.02 94.31 0.31 1.39 33.58 47.32
2 K3.0» Changjixin 116.89 0.04 82.39 0.32 1.58 37.07 39.72
3 M4 2 5 Huangyedongzao 2 121.85 0.18 102.82 0.32 2.14 38.73 91.54
4 =L Mopanzao 14291 0.04 124.66 0.41 2.84 57.18 163.11
5 I B /K F 2 Linxianshuituanzao 157.32 0.01 132.19 0.35 2.55 55.63 147.17
6 1045 Mamazao 167.83 0.04 132.83 0.27 2.25 46.07 106.87
7 AR Xinzhenglinzao 170.27 0.03 137.54 0.32 2.61 53.35 140.58
8 4423 35 Jinsixin 3 175.85 0.04 142.75 0.35 2.73 59.51 164.72
9 K7 B % Daliyuanzao 180.64 0.10 138.84 0.31 2.38 55.66 134.58
10 44215 Jinsi 1 182.33 0.04 147.96 0.32 1.89 58.92 114.76
11 Beptiig & Shanxijidanzao 184.90 0.07 158.08 0.36 3.57 68.15 255.44
12 Jwt%i% Bianhesuan 188.96 0.05 168.84 0.36 2.79 68.69 196.68
13 4r¢2¥r 2 %5 Jinsixin 2 199.26 0.07 155.64 0.34 3.23 67.63 221.52
14 A Shanghaibaipu 201.13 0.05 180.57 0.40 1.87 81.46 153.90
15 4223 4 5 Jinsixin 4 201.24 0.08 160.07 0.32 1.70 65.05 113.09
16 I E4& & Linxianheyizao 205.69 0.03 166.95 0.35 4.16 72.02 311.90
17 #i8H2 ¥k Henyangzhenzhu 228.94 0.01 175.59 0.36 2.75 83.72 244.56
18 K% Dabailing 236.72 0.05 197.16 0.34 4.47 81.06 369.38
19 I3 /N4 Linzexiaozao 241.48 0.04 208.86 0.33 3.28 78.84 262.21
20 K7 %17 Dalizhizao 241.71 0.02 219.68 0.42 2.57 102.41 265.82
21 B4 3 %5 Xinzhenghong 3 249.45 0.03 218.44 0.36 3.03 91.49 285.85
22 FiTi Shidingzao 256.89 0.09 231.86 0.38 2.63 96.39 257.96
23 12123 Manmanzao 259.69 0.03 211.11 0.34 4.73 88.48 427.47
24 BeptiffE# Shanxizhizao 261.58 0.07 211.68 0.42 3.74 106.93 401.56
25 k& 45 Lejin 4 269.03 0.05 234.47 0.39 3.19 106.59 343.30
26 % 35 Jinai 3 272.32 0.04 22151 0.36 4.54 99.84 452.40
27 Y54 Luodihong 273.03 0.04 231.11 0.40 2.84 109.55 315.07
28 %25 Jinai 2 283.54 0.04 234.53 0.32 3.89 89.58 349.44
29 {180 % Baodeyouzao 287.43 0.13 261.65 0.43 3.42 124.19 425.74
30 4% Jinlingyuanzao 295.16 0.05 265.42 0.38 3.82 113.45 438.67
31 P Jikang 303.81 0.05 266.85 0.40 3.42 120.89 418.71
32 B R4 2 5 Xinzhenghong 2 304.24 0.04 255.05 0.38 3.12 115.58 363.88
33 [#1# Tuanzao 313.93 0.10 282.85 0.39 311 122.52 382.10
34 YLULH Popozao 319.36 0.13 269.71 0.36 3.58 115.35 415.48
35 EH Xuezao 324.18 0.05 278.59 0.36 451 115.74 528.97
36 EH[H# Xuanchengyuanzao 325.19 0.10 276.01 0.30 3.49 98.59 351.40
37 A& Dongzao 327.50 0.04 234.29 0.34 3.12 113.63 361.30
38 =474 Sanbianhong 329.44 0.07 280.26 0.34 4.15 112.95 468.35
39 A )i Hupingzao 338.89 0.06 286.82 0.36 3.57 124.49 451.99
40 FH# Xiangzao 343.46 0.08 301.33 0.42 4.57 142.36 666.93
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X% KA Yiwudazao 349.38 0.06 303.48 0.36 353 126.66
FiE J1] 46 Yanchuantiaozao 350.31 0.04 319.68 0.43 347 149.99
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Fig. 1 Clustering of fruit texture factors of different date varieties

2.3 FEISBMERSIRKFHLE

RS AT SR AR IR, R 8 AN P R SEHEAT 720 KBRS . i3k 5 R 2 vl kn, BB
RAKETREK, & @R E R R R OB s, SRR R EREE. Hh, KT
NS ARIIPIAE SR, R, N 0.81%F1 0%, K7k KA BEE REE BN, 2558 InARXS 1
o, AIIRRRN 32.50%, @ PAERE AT, HAV R ATEAR RN B2 b SR, B 5 RN
B SRR KR KAR. )R, T2 5. R8RS A SFBEE R m, Ky
Ve, SR, 1BIBEAE 72h RBEHERIE 100%; FEHLIA B A A AR RE R, 25
N 72.50%H1 98.33%, {HFEAT R RN, SRR BIFEAGES, 7570 KR 60.00%M 86.83%. [
I ALEER], % SR AR SRR R AR R K 0~36h I ETHESRBIE, 36h J5iZHHE T i,

FH P 2 ISR S AT, #5248t bl SR SR K SR Bt 4 2 /K I TR FiE G, e S B E Ty, S rp e p g R
BB, . LIRS AR 2 SEIRKE I BLOKINR, WK RIZE T RRRK. 7EI2/K 72 h, A
B RS BRIOK SRR A R B2, R EAL S 54 T AR E R RE, HRNMTEE

PEZE 5.
%5 8 NEBMAERHE 720 BREREMRKENESR
Table 5 Differences in fruit cracking rate and water absorption rate of eight date varieties at different periods of 72h

maceration

Al F SR Eean il
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Variety White ripening stage Semi red stage All red stage

FLRERI% FERZI% FRE%
MK ZEI% WK% IR Z1%

Rate of Rate of Rate of

Water Water Water
fruit fruit fruit

absorption absorption absorption

splitting splitting splitting
K7 5# Dalizhizao 0.8140.03 ¢ 4.1940.17 ¢ 5.830.32 d 5.6940.44 ¢ 3250114 f 9.1840.33 2
Y& 4T Luodihong 72.5044.27 © 20.0140.23 © 67.5046.73 © 16.9941.04 © 60.0010.00 ¢ 1177427 @
B pa RS2 Shanxijidanzao 50.0046.61 9 22.3740.44 @ 85.0046.61 @ 22.7630.91 2 82.5042.29 9 12.30%2.29 @
i Ay Shanghaibaipu 98.3342.89 @ 10.0140.05 ¢ 95.0046.08 @ 12.000.62 ¢ 86.83+1.26 °d 4.95+1.44 °
K% Dabailing 57.50+44.33 « 9.37+1.83 ¢ 86.6747.64 @ 7.83#.11 ¢© 92.00+1.73 be 9.4243.31 @
FEJ11 47 Yanchuantiaozao 040 © 6.7510.70 d 33.33#8.14 ¢ 7.690.83 © 95.0043.00 9.5740.48 @
Hi#% 25 Jinai 2 46.67414.43 9 9.294+1.93 © 94.29+3.98 @ 14.0841.13 o 96.67+1.49 12.1840.54 @
1127 Manmanzao 66.67410.41 b° 18.6340.59 P 91434291 @ 16.4343.56 100.0049 @ 11.80+2.96 @

e FT T SR AR A TR ER AR E (P>0.05), ARG TFRFOREREE (P<0.05), RARAKGTFRFORERMEE (P<0.

0.

Note: No letter in the same row or the same letter on the shoulder of the data indicates a non-significant difference (P>0.05), a different low

ercase letter indicates a significant difference (P<0.05), and a different uppercase letter indicates a highly significant difference (P<0.01).
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Note:The columns indicate the rate of fruit splitting and the broken lines indicate the rate of water absorption. Green is the white ripening sta

ge, blue is the semi-red stage, and yellow is the full red stage.

E 2 8 MERMARINERREREMPKREN
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Fig. 2 Changes in fruit splitting rate and water absorption rate of 8 date varieties at different periods of fruit dipping
XA AR IR IR R R SRR SRR AT R, thaR 6 ATk, BR A RUWIRIAE 5008,

AR RS [ IR SR SR ARIBK R R R 35 IEAIOGR R, SR REON 0.774~0.990.
% 6 FRMKEMHRENAXNEI

Table 6 Correlation analysis of date fruit water absorption and fruit splitting rate

WK 2R (% ZERZEI%
ATt Rate of Rate of fruit splitting
Variety fruit
- WRS SRS ARS
splitting
WRS 0.774** — —
PN TS
SRS — 0.962** —
Dalizhizao
ARA — — 0.944**
WRS 0.967** — —
b3 LEAN
SRS — 0.978** —
Luodihong
ARA — — 0.891**
WRS 0.883** — —
e X8 B
SRS — 0.964** —
Shanxijidanzao
ARA — — 0.987**
WRS 0.981** — —
[ il
SRS — 0.894** —
Shanghaibaipu
ARA — — 0.857**
WRS 0.892** — —
KA%
SRS — 0.987** —
Dabailing
ARA — — 0.817**
WRS — — —
TENKE
SRS — 0.980** —
Yanchuantiaozao
ARA — 0.841**
WRS 0.944** — _
B2 5
SRS — 0.882** —
Jinai 2
ARA — — 0.983**
WRS 0.980** — —
40 RS
SRS — 0.990** —
Manmanzao
ARA — — 0.968**

W TFRMSETEE 0.01 ACE B RS . WRS B, SRS ML, ARS AALH.

Note: ** denotes correlation is highly significant at 0.01 level. WRS is white ripe, SRS is semi-red, ARS is full red.
3 Wik
A G B — MR PR R SL R AR 2, X — IR B NI UG A B e 1, BCAEE S D,
FORBUBNERRIR BT o BURLR B ZAERE K EM /D, BRI IE I R . IRKFERE, I K I 2
S AR E I INTR R, R ARACER) 8 N R PR R T B AR KA PR R, RS R A
LRI AR AR, BRAKREE, FPAIOK N, TR AR BRI GUAK rsk E, RZAME
RRMESEERE (P4, 2002; xPeA%E, 2012) o ARIGRKAEERI R AR WK e ig n 3=
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FLEEHPAE Oh~36h, X 5T NRIGHE A4 FAHIT (TR IR%F, 2020) . 36h fRR R R AR R TP,
MK R Z S LA K A B, X R SR SR K Rt e KPR« V5 2T 0 g I e IR KRG
JREAERG N, ZURAIRAR, 16 A RB R A b R AR N, ARG, ATl ARV Hh 2R L i
I CEASTADL R R PR b SRR R E B A PR . N TIRK BRI ERIE R, EEME, AR AR
FAETH, AR RARKS FE RS E AR NK A, X FnpiE s, AR R R A (REEEE,
2024) . B, X TR/ FE IR, R

JFRA R S S A AR, T DAL Vs e, RE A LA S WU SR . (B BR, 2022; LIU Z W
) o BT TPA SEERE T A H KRBT, Wixt BT AT A, - S 5 b 5 2L 5 A 1) 9% R
FOE R HOE (45, 2016; FEH4E, 2018; i, 2018) o ARKIGFIFH A OO 42 AN i
BEAT RS I, K AR S FUAR G 7 NS EUr o 4 RERGY, Hrh i suitES 67.73%, /2
RSP R B R FET R TR, K 42 SREF N 3 ORI, EEAER T
SEPED PR R —2, PR 30.95%, RLREN 7.92%, M. SAMERARME =, REEN 13,
5%, ULRTRRE. FRIESE IS HUR AR, ATREER 5 5 R RS (%, 2023) .

e SR XUy ST T R X, AERRK AR, AP R s R 5 R AR, T AL e
2t e A 6 O P N L = o N T virda s Y W ST e DL e - | 0y et b Gk
T+ B EEAER

4 Z5

R R AR P E LB A 200, B R SC A s n, SRR . 7EAZ AR
PRI 50% G 3 AEF, SRIRELE 45, K3 5MEL 15, BKERRK , KHHE. K
A8 IR, B2 5. 1218 S AR S RIS RSE RGN, RSB MR, i b
Ml S 2 EA R, R BIR. AFN R SRR K R BT B35 IEAHSCMISC R, MISCREON 0.774~0.
990, XRSLIFHSHEI I, BEEE. i R SRR AR A

e
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