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Study on correlation between organizational structure
and puncturing texture of jujube
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BATM R A AT o BT R AT RN, BRE R & (916098 um®) . near epidermal cells(892.71 pm®) and central cells
AR R (6,34 pm) R KR (3641 pm) L A K 0 (2 766.68 ym?) were smaller than that of Jun jujube and Hami ju-
(118.21 ”m_ ). 3{[%& A % g (9 160,98 Ilm_ ). 35:%& & jube, there were significant differences in organizational structure ex-
(892.71 ) o 35 60 H0 (2 766,68 pm® ) ¥ 138 A Awvh 7 K cept epidermal cells among the cultivars. While, skin puncture
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BE—RGEF AP ARFTHBELR LML B F R K Hami jujube, while similar in epidermal puncture intensity and peel
MERAFHYREES % MABBEHZIANISZ EH rupture and fruit toughness and pulp average firmness and pulp initi-

strength(1 700.30 g), fruit peel toughness(729.95 g + s), pulp firm-
ness (1 132.20 g), pulp fiber index (17.05) and pulp initiation
intensity(1 450.43 g) of Hui jujube were the highest, while the peel
rupture was the smallest. In addition to the toughness of peel and the
initial strength of pulp. the epidermal puncture intensity, the rupture

distance of peel, the average {irmness of pulp and the pulp fiber index

* LA BB R IEN MR R B E M RS ation intensity which showed a significant positive correlation. The
LA E K —%, correlations in texture properties and sensory evaluation of three cul-
KW R M M F R K 48 A tivars above were consistent.

Abstract: In order to analyze the correlation of the organizational Keywords: jujube; organizational structure; texture; puncture test;
structure and texture properties of fresh jujube fruits in Xinjiang, the correlation

three cultivars were studied as follows: Jun jujube, Hui jujube and
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Figure 1 Typical diagram of puncture test in texture

analysis for fresh jujube
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Figure 2 Anatomical structure of fresh jujube fruit in

different kinds of jujube varieties
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Table 1 Analysis of variance of different varieties of fresh jujube in microstructure
LD Hpp i i e /ME e K AH ¥H i 2 R RE %
15 7 5.39 8.59 6.88" 0.76 11.12
i1 5 R pm JRA 1.69 8.12 6.34% 0.95 14.91
Iy 55 A 5.72 9.43 7.26" 0.92 12.72
IH 45.35 60.27 52.70b 4.82 9.15
2R B pm TR 28.48 47.87 36.41% 4.78 13.13
RN 43.82 58.03 53.10° 3.76 7.08
BB 64.26 215.77 129.53% 53.39 41.22
2 5 4 pm? TR AL 52.94 204.45 118.21% 53.39 45.17
W 80.20 283.25 153.25% 56.33 36.76
I 4 667.94 40 629.52 17 244.87" 9 968.47 57.81
3R Hz 75 s pm? KA 4078.18 18 022.82 9 160.98® 3 965.48 43.29
WA 8122.04 26 113.96 14 294.15" 4 728.56 33.08
IH 331.86 2 559.13 1057.70 467.35 44.19
Uy &Y ) pm? S 439.87 1.392.44 892.71¢ 251.65 28.19
R N 606.11 2 138.02 1321.07b 416.07 31.50
5 12 149.85 76 642.10 39 382.83b 14 265.05 36.22
rhR A pm? kA& 10 696.31 53 478.34 30 833.23¢ 11 075.58 35.92
MAEKAE 9 216.05 42 158.33 25 450.86° 10 152.10 39.89
B 1028.17 3989.90 2 013.47° 866.00 43.01
e 7 240 ity pm? RS 435.54 2 766.68 1 436.44° 639.24 44.50
W 55 kA 972.05 3 338.06 1.893.66° 615.42 32.50
T W3R bR [ 5 B R R A 3 22 5 (P<0.05)
x2 AESMARRMIBEREAEIH
Table 2 Analysis of variance of different varieties of fresh jujube in texture
LD Hp i i e /ME e K AE ¥E i 1 22 A5 5 R A
[ESS 375.63 969.98 674.28% 146.36 21.71
2% R o 5 g A 1 045.00 2 326.61 1 700.30" 308.99 18.17
I 5% e A 552.95 973.18 778.16¢ 90.88 11.68
B 0.32 1.56 0.81% 0.24 29.83
TR 1 4 B B mm S 0.39 1.10 0.70b 0.17 24.18
I 5 A 0.66 1.21 0.95¢ 0.14 15.04
I 206.63 671.31 384.08% 107.49 27.99
R B g-s TR 411.64 981.89 729.95° 134.43 18.42
Rl NS 222.84 688.80 407.80% 103.03 25.27
5o 324.66 523.20 435.42¢ 51.56 11.84
P 2 R S g S 898.10 1524.08 1132.20b 119.02 10.51
R NS 255.71 506.40 376.95¢ 44.06 11.69
5o 4.00 9.00 7.11¢ 1.48 20.75
R LT SR 3 / KA 8.00 23.00 17.05" 3.42 20.07
I 5% e 2.00 9.00 5.30¢ 1.66 31.28
I 317.12 794.40 549.19% 120.90 22.01
HL P G e g S 941.74 1977.22 1450.43b 238.92 16.47
I 85 R 331.43 808.16 562.36% 99.05 17.61

T RS AR A ) T B R AT

785 (P<C0.05) 5% /7 RN LA AL
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Table 3 The correlation between the microstructure and texture of the Jun jujube
FEFR X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13
X1 1.000
X2 0.386 " * 1.000
X3 0.049 0.014 1.000
X4 0.001 —0.012 —0.091 1.000
X5 —0.166 —0.335**  0.079 0.115 1.000
X6 —0.158 —0.069 0.045  —0.003 0.340**  1.000
X7 0.021 —0.094 —0.084 0.061 0.339**  0.036 1.000
X8 0.044 0.133 —0.044 0.115 —0.071 0.050  —0.042 1.000
X9 0.017 0.046 —0.058 0.043 0.127 0.000  —0.063 0.604 * * 1.000
X10 —0.044 —0.062 —0.073  —0.024 0.128 0.077 0.057 0.177 0.579* * 1.000
X11 0.031 0.236* —0.024 0.055 —0.011 0.104  —0.201 0.036 0.006 0.058 1.000
X12 —0.181 —0.240* 0.070 0.004 0.047 0.123  —0.179 —0.143 —0.381"* —0.290* * 0.083 1.000
X13 0.082 0.170 0.104 0.143 0.005 0.035 —0.117 0.790 " * 0.561" * 0.146 0.266* —0.151 1.000
T 0,01 K CRUID EA% B A 5% 5 » £ 0.05 A CRUID | 1 341 ¢ .
R4 WREALAEHMRBISROELE
Table 4 The correlation between the microstructure and texture of the Hui jujube
FEFR X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13
X1 1.000
X2 0.084 1.000
X3 0.077 0.113 1.000
X4 0.007 —0.109 —0.329" * 1.000
X5 —0.060 0.028 —0.011 0.020 1.000
X6 —0.197 —0.194 —0.104 0.285* 0.029 1.000
X7  —0.058 —0.032 0.063 —0.039 —0.324" % 0.152 1.000
X8 0.128 0.162 —0.058 0.081 —0.032 0.076 —0.024 1.000
X9 0.062 —0.127 —0.033 0.199 —0.084 0.164 —0.089 0.507 % * 1.000
X10  —0.130 —0.003 —0.150 0.222* 0.093 0.370* *  0.000 0.359 " * 0.331**  1.000
X11 0.030 —0.072 —0.051 0.139 0.091 0.256* —0.058 0.133 0.199 0.158 1.000
X12 0.024 0.354 * * 0.145 0.002 0.160 —0.044 0.069 —0.013 —0.462**  0.032 —0.050 1.000
X13  —0.016 0.068 —0.018 —0.012 —0.019 0.091 —0.004 0.756* * 0.421** 0.172 0.288* * —0.023 1.000
T A 0.01 K CRUID FA% A & 5 » L AE 0.05 K CBUID | 8 35 AH ¢ .
x5 WBEARTAKEMMRWIERNBEXMHE
Table 5 The correlation between the microstructure and texture of the Hami jujube
FE bR X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13
X1 1.000
X2  —0.147 1.000
X3 0.066 —0.005 1.000
X4 —0.015 0.031 —0.321" " 1.000
X5  —0.095 0.014 0.009 0.041 1.000
X6 0.237" 0.397* * —0.079 —0.108 —0.280* 1.000
X7 0.208 —0.433" * 0.002 —0.111 —0.056 0.024 1.000
X8 0.113 —0.147 —0.004 —0.002 —0.102 0.064 0.118 1.000
X9 0.181 —0.251* 0.043 —0.091 —0.035 0.138 0.178 0.398 " * 1.000
X10 0.232* —0.236* —0.051 —0.043 —0.096 0.171 0.212 0.732* " 0.813* * 1.000
X11 0.216 0.055 0.079 0.055 0.140 0.030  —0.006 0.113 0.012 0.006 1.000
X12 —0.039 0.075 —0.083 0.233*  —0.007 —0.175  —0.151 —0.008 —0.427" % —0.306 " * 0.190 1.000
X13 —0.062 0.145 0.054 —0.017 0.196 —0.009 —0.253* —0.092 —0.178 —0.263* 0.593* % 0.286* 1.000

T 78 0.01 ZKF COUID b B 8 35 AH 55+ 78 0.05 K QD B 35 AH G .
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Table 6 Sensory-texture evaluation of fruit quality of jujube cultivars
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3 ik 2T, RHUALHFSE, 2016(1) : 188-191.
i (8] THEfe., ER%, . %. 7 I8R5 S5 4 b7 5 07
FRATIY ff 5T JEE R L 3R B JEL R L 3R B A i L 3l 3R e &

%%R/Zéﬂiﬂﬁ‘rﬁ%ﬂéﬂiﬂ@iiﬂtt%@%ﬂ%‘%j(?/lnﬁﬁ%%ﬂi?yﬂ!ﬂﬁ
JBE R B R A SR IR P £ 4 i ROR R PR A B 8
R BRAL RACRIG 8 KA W AL S5 05 R A s 2 () Y
FH AR AT A — E 22 57t o T % B2 55 0] 58 38 5 SRS B 5 2R B L R
B A1 2 e 52 B2 5 5 A 0 5 ”ﬁﬂyﬂﬁéﬁﬁﬂi/ﬁﬁ
5o LLGUEE G N GM A R SRR PR A A R AR — B
I 5 g o AR A T] A7 14 B A 2 2 AT 0 SE 3 A L AR
SRR GE R 22 5 — 25 WA AL B 43 O 25 R R X
AR A 52 M S A0SR B IR A O R R 45 T 4R 41t B0
Al

EESdN

[1] CHEN Kai, GAO Lei, LI Qiong, et al. Effects of CO, pretreat-
ment on the volatile compounds of dried Chinese jujube (Zizy-
phus jujuba Miller)[J]. Food Science and Technology (Campi-
nas), 2017, 37(4); 578-584.

(2] % 7%, TEME, FIDyk. 37 e v ght 5| S A8 5 o ot S0 A R 1 25
SIEMII]. R, 2016, 37(3): 55-59.

(3] BiEA . Tmff, 2R, % 1-MCP KWy 26 #0828 dh
SRR B AR S PR S ()], & Bk, 2016, 37(6): 231-236.

(4] ZxE. AR THRIT A EFE- SRR ZmT] /o,
2016, 37(15): 100-106.

[5] GAO Qing-han, WU Chun-sen, YU Jin-guang, et al. Textural
characteristic, antioxidant activity, sugar, organic acid, and
phenolic profiles of 10 promising jujube (Ziziphus jujuba Mill.)
selections[ ] ]. Journal of Food Science, 2012, 77(11). 1 218-
1225,

(6] ThpcHe, £ 5TRE, FRmRA. SRR A 2% R 3ot 300 A 0 48 AL [ 4t it J5 7
B sET]. P ERL AR, 2011, 44(6) ¢ 1 210-1 217.

(7] mhEfg, 5% R0, RO E. LT 2 00K 50 3 5 Iy 2 1R A BF

64

ML &SP . 2016, 32(2) . 31-36.

Lo] 4y, EfL, e, % RFEBHE R R 2 1] K8 7 R
WFoE[)]. A SR, 2014, 30(11): 98-104.

L10] 83 =, BURgACAE & m B g i 2 FH IR T ). & @ W58 5T
%, 2013(11); 101-104.

(110 R Fhat, 225, WhE, & FuM (a8 0 e 28 8 2 0 & S0PE A
RS LT, A RRE, 2014, 35(7) . 264-269.

[12] Bpcte, E5048. R, 55 &AM 90 fl 5T K& 35 ) (K
ZL0. Mok B2EBEFE . 2011, 24(5): 596-601.

(18] Wk, EHG, BR¥. . 1-MCP X 53K 7Bk Bk B 4052 i J5
RGBS LT ], & S ok B, 2016, 37 (6): 335-
340, 350.

(14 EEF, Botde. skBie . 5. RAl
SEe A M B PPEXPA2 5t H 5k
2016, 32(2): 53-59.

L1570 5 E Je. PR %) 0 28 K AL 20 GLsbdg 2 e (D] 5 8 R 5 .
BrEEAO K2, 2015, 3-4.

[16] Efbfh AR, BAUE. 5. TPA FUAE 43 7 1E 1 A8 56 i (] )
EHR R ], P EE SRR, 2017, 17(3): 218-224.

C17] # ¥, IAMRAE, TR, S5 ASTR] S SR 5 R 7 U 98¢ 2ot i v 2R 52 A
HIZAE AL, SR 4R . 2016, 33(11): 1 439-1 446.

[18] LUDIVINE B, EMIRA M, GAELLE R, et al. Relationship be-

5 b 3 X B 4 IR TOURE A R
eI A RE,

tween texture and pectin composition of two applecultivars dur-
ing storage[ ] ]. Postharvest Biology and Technology. 2008, 47
(3): 315-324.

[19] BROOKFIELD P L, NICOLL S. GUNSON F A. et al
Sensory evaluation by small postharvest teams and the relation-
ship with instrumental measurements of apple texture[ ] ].
Postharvest Bioloby and Technoloby, 2011, 59(2): 179-186.

(200 @ — P, o0 FL, XU, 4. AR SCH QUL BOR 2 h 7 R e &
ErE AT R L] SRR 2. 2013, 30(4) : 621-626.

CF 4% 97 70



E3MEESH

A AR 0 R LR AL

B4 fEHazfal

Figure 4 Interface diagram of control measurement

BS5 AASHREREA

Interface diagram of system analysis report

Figure 5

R 1R 2

MRS F I hE

(1) M B 4 1 JEAR SE B8 3 CE I R OR
B EBERBCEEY).

(2) 7 I o8 B [ 3 0 1 0, iR T /KK T ek

(3) ML E RHER ML . 2 H USRI L.

(4 FRAIE TR 7 28705 0 88 0 0 1) s o T R .
4 ik

% 5L BE A SR I8 WL B AT — 2 W S b . P A RO L
TR PR R T 09 4 8 R 3 B il 3 . {8 A i3 5 B g 3 7 DA
TFILAE O A AR R I R BT 2 A T 6 2 6 A1 IR
I E AR L © il 52 B I N R I S AR TR BR BT = 1)
GIT. B I MRERE S NEEH: © B EMERMEREEN
UK,

S % Lk

(1] Epess. mAREA RN I L K & R gl iny . 20T, B 4L 5 41kt
KB, 1982(4): 36-49.

(2] B3, o0, 96, . ARET @ s R 500 BHE sh B B 5 9% 57
BT LT, HUAR LR 24 . 2017(20) : 113-120.

(3] Ju A2, S IR AUR F 80 UL A B I LD, M R0+ WA IR I
Tl K2, 2008 1-3.

(4] Zemae, W, BUESR, 45 —FhAg e ik iE 1ml 48 1 Ak X 560 L K )
i . 102539248 A[P]. 2012-07-04.

(5] BEAKE . Bbit, X022 . 8 A0 R AR R el 8 b el B8 452 s 0% 55 38
WHLABERILT ). TR 5%, 2015(2): 75-77.

(6] EKA, FFERFR. B a8 T sk 4 o0 s 5 B 50 pL A BIF 1 [T .
BU AW, 2010(3) : 50-52.

[7] SUBRAMONIAN B, BASU Bikramjit. Development of a high-

R

speed cryogenic tribometer: Design concept and experimental re-
sults[J]. Materials Science and EngineeringA, 2006, 415(1/2) ;
72-79.

(E#F 64 70

[21] FHafh . G20, XA ZERPEAS ) A 40 ot i 5 R 2R Pk & 4
ROEWIELT]. P EgR . 2006, 22(11): 253-257.

(220 %% Je . oRUIH . AU, 5. 6 R BB 05 O R R B
FE[T]. 5= F T, 2016(15) ; 8-10.

(23] s@ear, F3CA, B, 55, B AR SR 25 0 5 FLm R G
AMBELI]. iR, 2001(5) . 67-68.

[24] ThEABE, 408 IRAROR, 5. JBidh o B v b Wi it 3 Uiy S 2R 2R 2%
WAL ], P B AR, 2016, 16(5) ¢ 61-67.

[25] #akAw, FIRAE, WA, 55, m9 36 0 IR 26 i b A8 vh K a0 IR 38

BR AR ARLT ], P E A AR, 2015, 15(2): 231-236.

[26] T & uk, BR &, Wy & % KK &M% 2 (Acaudina
molpadioidea) 4 # ¥ K ORZS ) i 2w AF 52 [T ). B aFl2
2010, 31(7). 37-41.

[27] BEIGE. K5 e a4 00 5 W Al A 1 6 R KO HILD]. B & . 1L
Al k%, 2015: 8.

[28] WATTANACHANT S, BENJAKUL S, LEDWARD D A.
Effect of heat treatment on changes in texture, structure and
properties of Thai indigenous chicken muscle[J]. Food Chemis-
try, 2005, 93(2). 337-348.

[29]7 ROY B C, ANDO M, ITOH T, et al. Structural andultra

structural changes of full-cycle cultured Pacific blue fin tuna

muscle slices during chilled storage[ J]. Journal of the Science of
Food &. Agriculture, 2012, 92(8): 1 755-1 764,

[30] HUGHES J M, OISETH S K, PURSLOW P P, et al. A struc-
tural approach to understanding the interactions between color
water-holding capacity and tenderness[J]. Meat Science, 2014,
98(3): 520-532.

[31] CHIOU T K, TSAI C Y., LAN H L. Chemical, physical and
sensory changes of small abalone meat during cooking[J]. Fish-
eries Science, 2004, 70(5); 867-874.

[32] FEI. T, VrsRaR, 5. POURF R 0 RO 41 254
BT ], Al TR 2=, 2016, 32(7) . 244-251.

[33] W — M. AR F B P EHRE SRR MARID] 5t
Jb ol k2%, 2013, 12.

[34] FEIe. F7° VPERIR, S5, BOURCT M6 A 25 K48 38 1 #5231
B[], AR SRS, 2016, 32(9); 224-233.

(350 R0, 7 24 1 770 % 397 8 H< 8 5 55z i o A0 2 4 285 44 1) 52 )
FELD]. MM R AR K2, 2014 30.

[36] # RO, CaCly X 7 38 A 7] iy b AL R BF XD, 00§ 1
PR, 2014 30-31.

[37] S FH. Al 20 A0l Fh SR SRR AP AR PR AR 40 M L) ). o o B
R, 2015, 38(2): 15-17.

97



