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2 A ) 45 A UL 2% 8 A AF 0 T R A
OLYMPUS Jt# B i F M F . WER
PR 2 K AR/ N B T S TR
(RXF0) 8 NER/N AR GEERERR/N
A REHEATIEE NI E
1.2.2 HRFRALK

AT 30 NRUR IR T B KR
. HTATHEH, B 4 h SR gk
B, T PR ER SR SR BRI REAR BN Y
k. ZERDFARHEILR 1, 5355 R R
BB TIARITE A AR HDY, 2R
PR = (2T » /50,38, T, WREEH N i 1
KU1 RFERG N sn FTHAREL.

1 RRRSFERITE
Table 1 The establishment of dividing
standard of fruit cracking
]| Sy P
Grade Grading standard

0%  REEZRIUZ

1% (LDRWE | BHA KERELR LY Rl 1/2
OFRER O/, B O A E R A R E R 1/4

2% (DREA 1ERO, KEBTRRYEEREN 1/2
(DRME 2 BHA KERELR LY EElEmN 1/2
(3R O 4/ SO BA AR AR 1/4~1/3
)RTmZ O TTAN 3 O AR @SR WA 1/4

3% (DR@EA 2 BRO, KB RLYEEREN 1/2
(OFREA 3 BHRO, KEABERIYPRRHEN 1/2
(3R O 4/, S0 BA LA R AR 1/3~1/2
(OFER O TN, 2 0 EBUAR A ERW 1/4~1/3

4% (DREA 3ERO, KB RLYEEREN 1/2
(OFREA + BRO, KEABERIYPRRHEN 1/2
(OREH DTN 2 O EFARA AR 1/3~1/2

5% ROomAEERmmAR 1/2

1.3 HiRS

FIH Excel Fl SPSS 11. 0 B4 X HA B
frortrib 2,

2 GRE5HMH

2.1 FERABHEHN—RIESEHE

i O ARG SR B ] LUK Sy 3 )R S b
SREBE R BFIR B (B 1D, AR P R R
FEHISR PN L SR B 40 MR R, IF BB AR B
ISR P A AR R (B 2.3.4) , TESR A4
AV YR, HAER A P 2B B RAR S

A ] R AR AR AR R 2 SRR
MDA HF PR E A — R B RN
SMEBIN (5 BT A 8. FERFL
TSRS 2 B, Ry R A K K T S iz 4
B 6.7) . BIS4EE TR, AN lel i B T 2 4R
PR AHE T R/DA— Bz S (E 8).,

1 EFERSMNREFIHRERE(X100)
Fig.1 The epicarp and the mesocarp of jujube fruit{ >100)

2 ERIMNE LR (< 400)
Fig. 2 The outer pulp cell of jujube{ X400)

3 ERPRAHRE(><400)
Fig. 3 The middle pulp cell of jujube( X 400)
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B4 FEHRRAAR(>400)

Fig. 4 The inner pulp cell of jujube( X400)

B S IRBEABHILEH( <40)
Fig. 5 The structure of ring bowl( X 40)

6 EHSERIK(5400)
Fig. 6 The shape of jujube catheter{ XX 400)

7 HEEREYI(X400)
Fig. 7 Vascular cross-section( >400)

B8 Z=EEHZH(><100)
Fig. 8 Cavity structure{ XX 100)

2.2 HRAMHESHAILEE
2.2.1 [F— SRR RIFRAOLR PR S5 Lt
MR 2 AR, MR 4 ASFRA R a2 5
FRRERE IR/ 2 RN 22 R HR B
2 BRI KBS ARITRAL AR 22 57 Mk
HBE BRI BN TT A KRR RE DRI/
ZRHRE., 3SFEPIWAMSERLAEE
TR R I o T A J 8 1) 40 L2 4L SR P JERBE L 4
KNER B /N
2.2.2  N[R)EhA E] BRI R G 1 LA
M 3 ATA L AR A L3R R B AR AR
FE AR /IN 22 T AR S 2 5 5 A A R R
AN BRI B IR B 2 R AR B
. PIEMAERT HHHEBERDN THRERA
EERRBEERI, REBHEREARSRE,
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x2 B — @ 4 MERLER SR
Table 2 The comparison of the four parts of the same jujube pulp anatomical structure
LA HRA gl RAREE il AN =S ZSEER
Variety Position Cell layer Flesh thickness/pm Cell size/pm? The cavity number  The cavity size/pm?
HpEE 70. 1014, 82C 3 620. 464221, 56D 2 240.21+121. 11D 2.91+0. 22A 28 100. 2441 896. 25B
BRI B 110. 21£8. 42B 5 514. 781456, 28C 3170. 254278. 98C 3.13+£0. 32A 39 958. 152 854, 60A
Zanhuang jujube I 126. 327, 63A 12 499. 66£88. 65A 4 290.004356. 77B 2.17%£0. 32B 30 400. 21£2 841, 06B
T 102. 08+4. 58B 9 502. 414368, 44B 4 680. 524222, 36 A 2.17+0. 18B 19 750. 251 448. 02C
IR 42.91+£2,11D 2 370.124147, 56C 2 780.114183. 22D 5.1640. 46B 29 280.0442 146, 28C
TG KE Y 99. 0917, 88C 4 670. 771184, 29B 3 600. 841142, 85C 4, 82+0. 45B 44 350. 9443 674, 20A
‘Wuming big jujube R 150. 5814, 26A 10 708. 06580, 45A 6 110. 004-580. 68B 4.8240. 42B 35 590. 242 589, 34B
T 133.04£15. 00B 10 235. 501 010, 04A 7 890. 244667. 25A 5. 88+0. 36A 36 830.24+1 897, 25B
HpEE 75. 0116, 33C 3 947. 254256, 44C 2 476.021186. 29C 7.87+0.72A 27 870. 881486, 44B
HE s 98.0618. 69B 6 102. 20489, 83B 2 908.24£200.05B  3.1310.30C 23 471. 3912 125, 20A
Jin jujube FER 123. 62+10. 08A 10 518. 211896, 42A 4 210.024321. 97A 4, 87+0. 38B 22 290. 211896, 97C
T 100. 03+9. 22B 6 676. 551383, 25B 4 400. 25+332. 80A 2.11+0. 20D 20 240. 2541 896. 39C
& 2(%)
Table 2(Continued)
i L - HERAD FEML FERD
Variety Position Vascular bundle number Vascular bundle size/pm Duct number Duct size/pm
I 2.2340.18A 129. 27£10, 23B 9.43+0. 88B 9.37£0,.67B
BRI EEB 2.134£0. 32A 177.84£9. 56A 10. 2940, 75A 11. 1440, 88A
Zanhuang jujube R 2.33+0. 20A 127. 21+10. 87B 6.54+0. 46C 10. 3240, 64AB
FEB 2.054£0. 13A 138.08+12. 36B 8.53£0.81B 11. 300, 71A
R 2.12+0. 20B 120. 06+10. 11B 11.33+1.12B 9.87+0. 63B
TG KE & 2.93+0. 23A 142, 91+13. 24A 12.82+1.13A 10. 8011, 04A
Wuming big jujube R 2.15+0. 18B 123. 20+9. 33B 11. 68+1. 37AB 9. 54+0. 63BC
TEB 2.91+0. 12A 137. 36 8. 63A 12. 6740, 96 A 10. 5241, 03AB
I 2.234£0.21B 142. 85113, 62A 11. 43+0. 93A 10. 0010, 38A
HH & 2.12+0. 23B 143. 43+9. 75A 8. 65+0. 80B 9.85+0. 91A
Jin jujube s 2.9440.27A 123. 57£11. 30B 7.23£0,67C 10. 3440, 96 A
FEB 1.9740. 20B 122. 23£9. 34B 7.86=L0, 55BC 10. 53+1, 03A

L EANEORYE 105 T 1/4 SLEF BT, 4 A BRPE 10 155 MBI BT , REFRFRRTE 0. 01 KF EiZER. K3 M.
Note: The number of cavity in the 1/4 field of vision is measured by microscope at 10 times, the number of vascular bundles in the entire field of vision is

measured by microscope at 10 times, capital letters stand for significant levels at 0. 01, respectively. The same as Table 3.

%3 [B) — B R (B R A A B S5 M B LR 3
Table 3 The comparison of the same parts of the different jujube pulp anatomical structure
HRA 4 iS¢ RAREE BN =S EAEL RN
Position Variety Cell layer Flesh thickness/pm Cell size/pm? The cavity number ~ The cavity size/pm?
. HER 70.10+4. 82A 3 620. 464221, 56B 2 240.21+121.11C 2.91+0. 22C 28 100. 2441 896. 25A
HRBLE T RAE 42.91+£2, 11B 2 370.124147, 56C 2 780.114£183. 22A 5.1640. 46B 29 280.0412 146, 28A
Ring wrist position
TR 75.014£6. 33A 3 947. 251256, 44A 2 476.021£186.29B 7.8710. 72A 27 870. 881486, 44A
5 BRI 110. 21£8. 42A 5 514. 781456, 28B 3 170. 251+278. 98B 3.13+0.32B 39 958.15+2 854.67B
L - Tos KA 99. 0917, 88B 4 670. 771184, 29C 3 600. 844-142. 85A 4.8240. 45A 44 350.9443 674, 20A
Upper position fs 98.06+8. 69B 6 102. 201489, 88A 2 908. 24+200. 05C 3.1340. 30B 23 471.39+2 125. 26C

R AL 126. 3217, 63B 12 499. 6688, 65A 4 290. 001-356. 77B .17+0. 32B 30 400. 212 841. 06B

Under position

2
. i » T/ RE 150. 58+14. 26 A 10 708. 06+580. 45B 6 110. 001580, 68A 4.82+0. 42A 35 590. 24+2 589. 34A
Middle position BH 123. 62+10. 08B 10 518.21+896. 42B 4 210, 02+321. 97B 4,87+0. 38A 22 290. 21+896. 97C
BER 102. 08+4. 58B 9 502. 41+368. 44B 4 680.52+222. 36B 2.17+0. 18B 19 750. 25+1 448. 02B
T T/ RE 133.04+15. 00A 10 235.50+1 010. 04A 7 890. 24+667. 25A 5.88+0.36A 36 830.24+1 897. 25A
2

EE 100. 0349, 22B 6 676. 551383, 25C 4 400. 251-332. 80B . 112£0. 20B 20 240. 251 896. 39B
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% 3(&)
Table 3(Continued)
g FLFh BT HEBRAN BB SE RN
Position Variety Vascular bundle number Vascular bundle size/pm Duct number Duct size/pm
' L 2. 2340. 18A 129. 27410, 23B 9. 4310. 88B 9.37-£0. 67A
_ %_%%K R 2.12220. 20A 120. 0610, 11B 11.3341 12A 9.87-£0. 63A
Ring wrist position . 2.2340. 21A 142. 85413, 62A 11. 4340. 93A 10. 00=-0. 38A
‘ B 2.1340. 32B 177. 8429, 56A 10. 2940. 75B 11. 1440, 88A
L N Tk 2.93-£0. 23A 142.914-13, 24B 12.8241. 13A 10. 8041, 04A
Upper position 'x 2.124-0. 23B 143. 4349, 75B 8. 6540, 80C 9.854-0. 91A
B 2. 3340. 20B 127. 2110, 87A 6. 540, 46B 10. 3240, 64A
. i N EHAAH 2.15=0. 18B 123. 209, 33A 11. 6841 37A 9. 540, 63A
Middle position m 2. 9440, 27A 123.57£11, 30A 7.234-0. 67B 10. 34--0. 96 A
L 2. 052-0. 13B 138. 08212, 36A 8.53£0. 81B 11.3040. 71A
b N EHAAH 2.9140. 12A 137. 368, 63A 12. 6740, 96A 10.5241. 03A
Under position 'x 1. 974-0. 20B 122. 2349, 34B 7.864-0. 55B 10.531. 03A

2.3 ENERESEABISHOELEME  HOERR. AR5 AL RN SR
Wk 4 R R S e g TR BRI TR PR S R AR

MuR/N ZS R NI i S B ety T DK

* 4 MAEHEAREHHIXER
Table 4 The relationship between anatomical structure and fruit cracking index
~ = A HERANE HRERID
ety RER RAERE @R ] =R SEM REXN
The cavity Vascular bundle Vascular
Structure index Cell layer Flesh thickness Cell size The cavity size Duct number  Duct size
number number bundle size
R2 0. 324 0.910 0. 888 0. 420 0. 980 0. 247 0. 599 0. 684 0.012
x5 RAEHMSE() EREBHOINXR
Table 5 The relationship between the pulp anatomical structure and fruit cracking index
ZEHgHebE Structure index [a]J9 5% Regression equation R?
S HJERE Flesh thickness/pmm y=—3. 171X 10" 4x+2. 456 0. 910
AR/ Cell size/ um? y=6.442X10"4x—1.134 0. 888
ZHER/D The cavity size/pm? y=4.798X1075x—1.163 0. 980
3, N = > = = 3.
2.4 FERIHFIRBHERHSH R IFAE, AR 2 KA U B iR, B &

IAEE 6 T, T4 o LR R, WZ B/ N T R, FORIE B S AL B 4]
Yk 2 ) B /N g T S A (g 20 5B ok MR IEARKFR 0 2 B 2R 8 B i 1] 1) 72

HEACTII OREEte B B k. PRI REIORRIRZ RO

6 ke EERESRRIBRNXLR
Table 6 The relationship between water absorption, processing time and fruit cracking index
o " Bk & (o) SERIMBOIMXFR AbF B ) (o) BRI (D KR
i R L ) L o
Relationship between water absorption and Relationship between processing time and
Variety Fruit cracking index
fruit cracking index fruit cracking index
BRI Zanhuang jujube 0. 793 y=0. 201x+0. 255 (RZ2=0. 899) y=0.1222+0. 309 (R2=0. 826)
T4 KA Wuming big jujube 0. 944 y=0.125210. 623 (R2=0. 908) »=0.101z10. 612 (R2=0. 887)
HH Jin jujube 0. 476 y=0. 158x+0. 103 (R2=0. 878) y=0. 0682+0. 154 (R2=0.927)

TERK BRI g, AbERR B9 B0 24 .

Note: The unit of water absorption is g,the unit of processing time is 24 hours.
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3 WitE4iR
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R s JRREE/IN, LS . IR SR , JR
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Tt 245 AHEL , U5 38 . RIEARAFED AN SR A R
K BE 7\ B vhBE ) WL ARG , LA 5 5 2R 5
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SRR SRR RO ISR A B B AR SE

AUR AR/ AR —  JEAR R AN , 51 5
FREAN ,B5 58 B AR e, 4RRAT AR AR 2
RE, FEERESNZRA RN HEFV R
S IR R B AR R A N A M A R
JEIEIBRBA s . AR PSR SR A RN S
FURMRB L IEAE G B0 MUK, ZORBUH™
SR B LT R BE - R PR R M R/ N AR R Y £
HHIRKFR T A G IBR , 38 B T I K Bt 2 5 ik
W, R NFRAK G IETH R, TR Bz, g Al T ¢
U T IR A B R B R
AR/ SR BRI BT LA M /NS 3R
RIEBEABEWEMLLR.

ZERAR N PREEN DL, KR
BN, SMZE 2 AR AR S, PR R R 2
OS] . AR SRR BT A 2 I /NS RUR B7
BORIEASCC R B2 EBOR, SO H . X
T AN 2 R LA A K BOKOR 4 FF R L
AR 2 B, oK 53 BB 22 , 18 B R I 1] st
SRR R SRR G RBRT . TE K
EHZE R ERRER R, BN = R
/N ERIBOR RS, T LA RN SRR
RIEBEABEWEMLLR.

N[5l B 0 SR A 5 W UK R L A B S [
EIEAHSKR , BRI 7K o 1822 , 18290 F IS 1]
M, BUHAR 5 SRR . (H AR S 177 R T T 4
RATKT W K B Ak B (8] SRR BE S AN 5tk {HL 2
EHRIR R RGR Y, X T RER AR HIREKBE S |
Gk B R A R B4 KRB A T R
B R T HE 2 MRl stiEd] T — .

7] — Al I R A [ TR 57 B I R 5 R AR

JE VAR /N S T RN AR 8 22 55 AN L
FHACPR IR IR AR R AR 2 R
INERRBE,UHSE IR R B, R
HEH TREREAEE . EERAT . HRE
JBE R R/INRI S i R /N5 SR8 B AR S A
B2, WA E B s AL S E BRI DR R
PN R RS BN RN 5 ZOR 8 B AR SRR
B3,

AN FZEX 7K 3 Kb BRI ] AR AN ], Rt
TEAE 7= b T B Ve PR B L R AR ) R K
SR DX I8 20 48 of 7K I 6] U R
A PR .

FERCIR PR 2 rh I R R R B R
PRI/ NARL EEBR AN NREE S
FHERIZER . TN A BRI
SRR AN GG 2T FIERR 1, R R R IR S
HB G RBOROL IR RIS
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Relations Between Anatomical Structure and
Fruit Cracking of Jujube Fruit

LIU Shipeng,LIU Shen, WEN Xin
(College of Life Sciences, Yan'an University/Shaanxi Key Laboratory of Chinese Jujube ( Yanan University), Yan'an,
Shaanxi 716000)

Abstract; By making paraffin slice and artificially induced crack experiment of three different varieties
jujube fruit ( Zanhuang jujube, Wuming big jujube, Jin jujube); 9 aspects which including; pulp
thickness, cell layers,cell size and so on were observed and measured, the changes of quality and the
number of cracking of jujube fruit were measured. The results showed that anatomical structures of
the same jujube fruit about different parts had significant diversity: anatomical structures of the
different jujube fruit about the upper part and ring bowl had significant diversity. In the pulp cells, the
relation which between fruit cracking index and pulp thickness, the size of cell and cavity was
significant extremely;but cell layers, the number of cavity and catheter, vascular bundles, the size of
catheter caliber and vascular bundles was not significant. The relation which between fruit cracking
index and the quantity of water, processing time was positive correlation.

Keywords: jujube fruit; pulp;anatomical structure;fruit cracking;fruit cracking index
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AREARAF AR AT B ARK B 2 HVE . ERERRE LKA TR R 245 B A A FME
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