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Table 1  Comparison of fruit growth indexes of Ziziphus jujuba *Lingwuchangzao® at different development stages

& T i LR g A mm B mm gy IR
Development Mass per Vertical Transverse f{,;,“l'"m: Fruit shape
stage fruit diameter diameter A index
AL Young fruit stage 0.15%0,02 e 10.341+0.73 d 1. 8210.24 ¢ 0.16+0.02 e 2.1420.07 b
M Hard core stage 0,81+0,16 e 21.24£1.78 ¢ 8. 60£0,614d 0.82X0.09 e 2.47L£0.1l a
8 AR Early stage of expansion 4. 150,46 d 33, 750,36 b 16,421, 26 ¢ 4,130,112 d 2.0710.18 be
B A G 1 Late stage of expansion 5.574+0, T8 ¢ 33,02+1.87 h 19, 954+1,02 h B O7T+0.33 ¢ 1. 664003 d
MM White ripening stage 9. 441+0.48 b 37.12+1.63 h 22 62L+0,42 a 11,4340.95 b 1.6440,05d
Y18 Semi-red stage 13, 0040,56 a 44, 374+1,05 a 24,5540, 20 a 14,1740,24 a 1.81£0.05 cd

EF— AR EDEFERERE P00 ERER. TH.

Note: Different lowercase letters within the same column indicate significant differences at P=20, 05, The same below.
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Fig. 1 Changes in fruit texture indexs of Ziziphus jujuba °Lingwuchangzao' at different developmental stages
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a. Young fruit stage; b, Hard core stagesc. Early expansion stagesd. Late expansion stagese. White ripening stage; {. Semi-red siage.
The same below
H2 'RERKE RTIREEREN
Fig. 2 Microstructure of exocarp of Ziziphus jujuba ‘Lingwuchangzao® fruit
F2 FEEAHMARRKE REIIIREGMBESHERL
Table 2 Changes in exocarp cell morphological parameter of Ziziphus jujuba
‘ Lingwuchangzao® fruit at different developmental stages

A T it 100 JE R E / M S pm e B L o R A A e

Development Cuticle Thickness of Area of Area of sub-

stage thickness epidermal cell epidermal cell epidermis cell
M Young fruit stage 2, 2640, 16 d 73,6140, 69 e 253, 6146, 62 e 486, 4145, 83 €
Wt Hard core stage j03to.22c 78.53x2.41d 313,705, 94 d 477.97X13.26 e
0B K Hi W) Early stage of expansion 8.20+0.61 b 80, 77+40,51 od 351, 98+10.00 ¢ 586, 65415, 83 d
[l A K5 1) Late stage of expansion 8.941+0.47 a 81.53+0. 56 be 359.731+23.68 ¢ (36, 08+5. 75 ¢
F# I White ripening stage 9.00+0,21 a 82,170, 31 abe 147.12+3.72 b 68, 774918 b
AL Semiored stage 9.15£0.05 a 83, 480, 94 ab 527.93L£6.69a 765.9417.22 a

B3

‘REKE REPREBMEN
Fig.3 Microstructure of mesocarp of Ziziphus jujuba 'Lingwuchangzao' fruit
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Table 3 Changes in mesocarp cell morphological parameter of Ziziphus jujuba

‘Lingwuchangzao® fruit at different developmental stages

S Fr R AEEEAT MR e OGN AR pem WSESERLAMRT . WM pmt S EE pmt < B AL/ o
Development Vertical diameter of Horizonial diameter of  Aspectratio of Aren of Area of Area of
stage parenchymacell parenchymacell parenchyma cell parenchyma cell vagcular bundle cavity

A S i 1 - 15 . T . & o= :
Young fruit sisge 30,23+£0.93 ¢ 20,87+1.14 d 1.454+ 0,04 ab 307.40+£16. 14 ¢ 4 926.B6E286.75d 1 944.69+57.03 d
ﬁ?ﬁlu{!m Sidge 31.83+0.97 e 22, 8540.86 d 1.39+0,.01 b 578.74+£13. 538 ¢ 6 Z67.80£437.43 d Z 055.019473.72d
Rk i y 49. 14+ 3.87 d 33.58+0.27 ¢ 1.46+0, 11 ab 1 362, 1045609 d 7 31B. 06250, 94 d 3 193. 00+ 138, 58 d
Early stage of expansion
AR . §6.90+3.2] ¢ 45.00+£2.90 b 1.4940.03 ab 2 622.53474.52 ¢ 19 136. 112505, 44 ¢ 34 872 8742 557,48 ¢
Late stage ol expansion
B 78.84+3.50 b 16,4043, 81 b 1634019 ab 3 206,194 18.92 b 22 825 171 493,72 b 64 268, 7161 050,57 b
White ripening stage
ELEaN
e 104. 982,18 & 61.75+0.52 8 1.70+0.02a 5070.04£118.11 a 27 243. 20+ 1360.58 2 71 976. 5712 384. 20 a

Semi-red stage

B4 'RERKERAPREBEREREH
Fig. 4 Microstructure ofmesocarp vascular bundle of Ziziphus jujuba ‘Lingwuchangzao' [ruit
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Table 4 Correlation between texture and microstructure indexes of Ziziphus jujuba
‘Lingwuchangzao’ during ripening

Ei:§ il pif Pk e 12 e i 1 WEL A K

Index Hardness Springiness  Fracture Gumminess Chewiness Cohesiveness Adhesiveness
2 Cuticle thickness a.593" "7 0.479" 0, 435 0, 333 0, 660" " —0, 345 0, 759" "
- I
Tﬁﬁ}%;li‘ﬂr]l%;i?c[lidurt:Lu] cell 0. 491" 0. 668" 0.26 0,138 0, 684" ° —0, 504" 0.750° "
32 K A B iy B . 5 ; 7 e
frﬁ.ﬂmﬂﬂﬁrnm] cell Q-8 0.7 —0.081 —0.15 0,502 —0. 397 0. 945
IF 5 Hr 1 ey . . . - e
Irﬁlllﬁfﬂ:&rfﬁildc:rmiﬁ cell 0. 389 0, 603 0.169 0.036 0. 635 — 0. 437 0. 915
TE R o4 Bl M, 4 — RETrao L - T oum
Vertical diameter of parenchyma cell et 0,815 Pl L HeAlE atd HeH
T S 21 3 B . i _ ; TR e o
Horizontal diameter of parenchyma cell Becbia g 53] 9 dite Heisas deafl 555
TUE R £l B M L g s - i . i
Aspect ratio of parenchyma cell 0. 036 0. 279 . 045 0. 262 O, 083 0, 181 0, 702
Al BE i 0
;frt;ﬂig%ﬂf:clwma cell D. 035 0.627°° —0.117 —0.21 . 454 —0, 326 0.973" "

o o T

g‘fr:.“‘ztf[ﬂ'fl;culﬂr bundle b.112 06617 —0. 122 —0, 282 0.479° —0. 425 098" "
A5 ML Area of cavity 0,029 0 g32° " —0. 189 —0. 333 0. 411 —0. 395 0,979" "
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Changes in Pulp Texture and Anatomical Structure of *Lingwuchangzao’

(Ziziphus jujuba ) during Fruit Development

YUAN Qin'*, YANG Siyu' ,QIAO Shuai' ,REN Yufeng'",
ZHOU Jun'*,ZHANG Xin'*,CHEN Weijun', WAN Zhongwu’ ,
WEI Tianjun’,XU Wendi'* and WANG Huiran'

(1. College of Biclogical Science and Engineering. North Minzu University. Yinchuan

Life Sciences, Shanghat Normal University, Shanghai

of Economic Forest, North Minzu University, Yinchuan

750400, Chinas 5. Lingwu Dagquan Forest Farm s Lingwu Ningxia

Institute of Ningxia Academy of Agricultural and Forestry Sciences. Yinchuan
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The objective of this study was to explore the changes in fruit texture and anatomical struc-

ture and establish the correlation between them during the developmental stages of * Lingwuchang-

zao’ .nationally recognized geographical indication product.was selected as the experimental material,

Seven texture quality indexes and ten microstructure indexes of its fruit were analyzed and determined

by using texture profile analysis ( TPA) and paraffin section method. The [undamental [ruit charac-

ters were also assessed. The results showed that throughout the ripening process of *Lingwuchang-
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zao’ .with the hard core stage as the turning point.there was a significant change in fruit quality from
the hard core stage to the semi-red stage during the early stage of expansion.the single fruit mass in-
creased by 412, 3%, and the volume increased by 403. 7%. The anatomical structure of the fruit
showed significant correlations with most of the texture parameters. With the fruit ripening.the single
fruit mass.vertical and horizontal diameter.and volume increased. The fruit hardness. fracture and
gumminess increased at first and then decreased. springiness., chewiness and adhesiveness showed an
upward trend,and the change of cohesiveness was not significant. The pericarp becomed thinner, the
area of epidermal cells and parenchyma cells, vascular bundles and cavities increased, the arrangement
of cells became more relaxed.and the taste became crisp at maturity, The stratum corneum was thick
ened and the fruit was more resistant to traumas, In addition. plastids in the epidermal cells of the
fruit also changed greatly from chloroplasts to colored bodies during young fruit stage to semi-red
stage. Further correlation analysis showed that [ruit hardness, springiness, chewiness and adhesive-
ness were correlated with eell morphological parameters of the fruit in varying degrees.and the adhe-
siveness and most of the morphological parameters of the [ruit cells reached a very significant level,
For instance.there was a significantly positive correlation hetween adhesiveness and cavity area (r =
0.979). The fruit quality of *Lingwuchangzac’ changed significantly during fruit development, in
which the dynamic changes of fruit cell morphology significantly affected its texture quality Chard-
ness, springiness ., chewiness and adhesiveness).,

Key words  Ziziphus jujuba ; Pulp texture; Anatomical structure; Cell morphology
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