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Abstract: [ Objective] Effects of agronomic traits, cell wall components and correlated enzymes on
chewy degree were researched, which would provide theoretical basis for rapid evaluation of flavor quality
and high-quality breeding of Chinese cabbage. [ Method] Six Chinese cabbage materials (including ‘114
Chengyangqing”’, ‘Hua 273 X114 Chengyangqing’, ‘114 Fushan’, ‘ Weigu’, ‘114 Fushan X 114 Chengyan-
gqing’ ,and ‘WeiguX 114 Fushan’)with obvious differences in chewy degree were used to study effects of
agronomic traits, cell wall components and correlated enzymes on chewy degree by evaluating sensory quali-
ty.agronomic traits,pectin contents,fiber contents,lignin contents,and activity of PG and cellulase in their

optimum harvesting time. [Result] The results showed that dry matter content of Chinese cabbage was
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3.39% —7.89%,WSP content 14. 07 —32. 67 mg/g,PP content 8. 71 —23. 10 mg/g, WSP/TP 38. 02% —
78.94% , PG activity 2. 88 — 6. 02 U/mg, and cellulase activity 1. 65 — 4. 29 U/mg. Correlation results

showed that there were extremely significant or significant negative correlations between chewy degree and

dry matter content, proto pectin(PP)content,and PP/TP(total pectin). There were significant or extremely

significant positive correlations between chewy degree and WSP (water soluble pectin) /PP, PG activity.

[Conclusion) As for these correlations,we could evaluate chewy degree of Chinese cabbage by dry matter

content, PP content, WSP/PP or PG activity.

Key words: Chinese cabbage;texture quality;dry matter;pectin
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Table 1 Results of chewy degree of Chinese cabbage
o 43 {H (10 431D Score( Ten-point system)
(‘,uullzivﬁtrs A B Z:4 Comprehensive
Fresh quality Cooked quality quality

114 ¥ FH7 114 Chengyangqing 6.67+0.87 aA 6.78+0.97 abAB 6.72+0.80 abAB
A6 273X 114 3 PH T Hua 273 X114 Chengyangqing 6.83+1.62 aA 7.174+0.87 aA 7.00+1.00 aA
114 &1l X114 % BH 7 114 Fushan X114 Chengyangqing 5.7841.20 abAB 5.67+0.87 bcABC 5.72+0.76 bcABC
T X114 #5811 Weigu X 114 Fushan 5.284+1.79 abAB 5.22+1.79 ¢dBC 5.25+1.55 c¢dBC
114 #& 11 114 Fushan 4,33+1.94 bB 4,22+1.92 dC 4,28+1.81 dC
TLIE Weigu 4.33+1.80 bB 4.11£1.36 dC 4,22+1.09 dC

TR PR 10 ADIEH BT A M. T AR S R AR R 2L A E R .

ARKREFEELRE 1V AFTRRWBE . £ 2.4.6 [,

[ G 6] /NG F 8RR AE 5V KF R 2% 5 83, [ 51

Note: The data in the table was the average of ten replicates. Materials of high chewy degree were given low scores. Different lowercase let-

ters in a column mean significant at 5% ,different capital letters in a column mean significant at 1%. The same table 2,4 ,and 6.
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oy BNEREFE W o] LURE 9 B AR PR R AR
M 3 AT LAFE i K A S SRR 8 b a] du Ay
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Table 2 Results of Chinese cabbage agronomic traits
i i it /em it 58/ cm 5/ 4/ em 4 92 / cm
Cultivar LL LW LW/LL PL PW
Py
II/I%FEH . 38.0741.56 cC 21.5741.90 cC 0.57+0.03 eC 21.5341.85 dD 5.50+0.50 bBC
114 Chengyangqing
273X 114 WA %
Hua 273X 114 43.2741.63 bB 24.5741.90 beBC 0.57£0.03 deC 25.3042.05 bB 6.10+0.60 bB
Chengyangqing
114 &1l X 114 3 H
114 FushanX 114 40.4740.75 cBC 24.73+1.43 beBC 0.6140.03 cdBC 28.37+1.23 aA 4.3040. 20 cC
Chengyangqing
LU > 114 A Ll 47.8041. 48 aA 29.7342.06 aA 0.62-50. 03 beABC  23.4742.05 cC 8.20-0. 50 aA
WeiguxX 114 Fushan
114 #5101 - . - - -
32.404+1.38 dD 21.50+1.51 cC 0.66+0.02 abAB 15.17+2.05 {F 5.40+0.50 bBe
114 Fushan
T < - - -
Weigu 39.87+1.46 cBC 27.30+1.75 abAB 0.6840.02 aA 20.2341.15 ¢E 7.5040. 40 aA
i 49 J5 / cm LN IR NVALES I A9 J5 /Tt A S I J5 /R TR AR/ %
Cullivar PT PL/LL PT/PW PT/LL Dry matter content
==
114 WKE B . 1.07=£0. 06 bB 0.57240.07 beB 0.19540.03 aA 0.02840. 00 beBC 5.13+0.67 bB
114 Chengyangqing
T 273X 114 i[5
Hua 273X 114 0.93%0. 06 beBC 0.58+0.03 bAB 0.15540.03 bA 0.02240. 00 deCD 3.3940.23 cC
Chengyangqing
114 4% 1L X 114 3 /1%
114 FushanX 114 0.80+0.10 cC 0.70+0. 04 aA 0.18740.03 aA 0.02040. 00 eD 5.65+0.44 bB

Chengyangqging
I X114 A8 1

50+ F + B 3+ a 31+ 3 + 5 a
Weigu 114 Fushan 1.50£0. 10 aA 0.49+0.03 bcB 0.18340.00 abA 0.03140.00 bAB 7.47+0.55 aA
114 f&h . .
0.80%£0.10 cC 0.472+0.09 cB 0.14840.01 bA 0.02540. 00 ¢dCD 7.75+1.24 aA
114 Fushan
%E‘gu 1.4740.06 aA 0.51£0.02 beB 0.196+0.01 aA 0.037£0.00 aA 7.89740.32 aA
i oo Bk /cm ML/ em R R/ cm FF R /cm BROML/ Bk 5
Cultivar HL HD PH PD HD/HL
=4
]141}1:Q|3E||=J . 30.0+2.65 bB 11.04+1.32 dB 40.0+1.32 aA 54,044, 27 aAB 0.37+0.07 bB
114 Chengyangqing
A6 273X 114 3k BH 75
Hua 273X 114 38.5+1.32 aA 14.040. 87 bedB 47.0+1.80 aA 73.0+4.77 aAB 0.37-0.04 bB
Chengyangqging
114 4510 X 114 3% fH 3
114 FushanX 114 30.0+0.87 bB 16.5+2.29 bB 40.0+1. 80 beBC 43.0+4.00 cD 0.55+0.09 aAB
Chengyangqing
1] yi=1
EXIM[ﬁE”[ 39.0+2.78 aA 23.0+1.32 aA 43.0-0. 87 abAB 80.0+2.78 aA 0.59-£0.08 aA
WeiguX 114 Fushan
114 45 1L ) ) .
25.0+1.32 bB 12.041. 80 cdB 34.0+1.80 dD 61.0+1.80 bBC 0.48+0.05 abAB
114 Fushan
LA 28.0£2.29 bB 15.541. 80 beB 37.0£1.50 cdCD 52.0%+2.78 beCD 0.5540.02 aAB

Weigu
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Table 3 Correlations of chewy degree and agronomic traits and correlations between agronomic traits of Chinese cabbage
LA AR TYRGE " - " - ) WA, IR AR . ’ o
KA PR CTWRER e wy wwk ospws o PO URESCUEES e wm o eem
Agronomic & Chewy  Dry matter LI Lw Pl PW PT K I 4 G K HI HD PH D
traits degree content o ) ’ PL/LL PT/PW PT/LL :
R/
Dry matter —0,947**
content
M LL 0.328 —0.205
55 LW —0.253 0.328  0.825*
K PL 0.579 —0.588 0. 664 0. 349
4 5 PW —0.295 0.428 0.584 0.781 —0.181
R PT —0.301 0.466  0.580 0.792  —0.062 0.928 %%
R K/ K
PII@I‘ H 0.499 0.593  0.124 0.153 0.823% —0.680 0. 504
WA JEE /A 5 -
352 Q I
PT/PW 0.023 0.171  0.300 0.352 0.330 0.199 0.548  0.250
A R/
Ptljﬁlj? i —0.517 0. 640 0.161 0.503 —0.418 0. 800 0.895* —0.656 0.515
B HL 0.565 —0.461 0.902 * 0,573 0.580 0.457 0.331 0.069  —0.053 —0.087
Bkl HD —0.208 0.326 0.812* 0,919 ** 0.399 0.619 0.610 —0.068 0.243 0.269 0.603
¥ PH 0.786 —0.741  0.787 0.347 0.714 0.190 0.103  0.325 —0.045  —0.284  0.930** 0.341
R PD 0.175 —0.059 0.546 0.415 —0.086 0.641 0.361 —0.549  —0.440 0.120 0. 748 0. 464 0.537
Ié?éﬁ;f?m —0.721 0.752  0.299 0.712 0.074 0.396 0.484  —0.096 0.338 0.392  —0.050 0.761  —0.302  —0.054

T x Fon P<0.05, »x R P<<0.01, %5 [,

Note: * Significant at P<C0. 05, * * Significant at P<C0. 01. The same as table 5.
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Table 4 Results of cell

wall components of Chinese cabbage

A KR/ J R/ SR/ HLEF 4/ % ARIEHE/ % K2R SRR/
(‘I:Ttivqr (mge+g 1) (mg+g 1) (mg+g 1) Crude fibre Lignin e/ R % MR/ %
. ‘ WSP content PP content TP content content content WSP/TP PP/ TP
114 35 FH - - 5 ; ;
< . 20.67+0.66 bB 17.8740.79 bAB 38.54740.31 aA 15.6540.38 cB 6.66+0.12 cC 53.6340.02 bB 46.37+0.02 bB
114 Chengyangqing
£ 273 X114 W HH
Hua 273X 114 32.67+2.16 aA 8.71£0.39 cC 41.38+2.53 aA 18.4340.56 aA 6.71+0.30 cC  78.9440.01 aA 21.06+0.01 cC
Chengyangqing
114 gl X 114 38 BH 7
114 FushanX 114 14.1240.46 cC 14.6343.68 bBC 28.75+3.23 bB 14, 6340. 33 dC 7.64+0.12 bB 49.6840.08 bBC 50.32+0.08 bAB

Chengyangqing

[1E X 114 48 L
WeiguX 114 Fushan

114 i 18.9540.77 bB  22.4043.82 aA  41.35+3. 63 aA
114 Fushan

]
L 14.1540.90 cC  23.1041.50 aA  37.2540. 60 aA
Weigu

14.07£0.15 ¢C 15.3042.56 bB 29.3842.69 bB

17.8040.44 abA 8.7340.19 aA 48.14%0.04 bBC 5

—

.86+0.04 bAB

17.5240.27 bA .960.18 bB  46.07+£0.04 bBC 53.93+0.04 bAB

~
@

14.8340.08 dBC 7.7040.22 bB  38.0240.03 cC 6

—_

.984+0.03 aA

MK SR I A0 DR 5 R R By R KR
SRR K PRI 5 B ORI & AR AN 5
FEMA R IE i H S TR e KO R R R
flR. MESRIER S RARE. HBELRERI T EFR 2

il R SRR B 5 B AR, Ay 4 Nl 22 A R
NIRRT R i SR S o A R ) e R R 5
5K SR it P 119 7K 8 A R T o B )R TR Je P
i FEA /N s AN By 2 02 R 1 SR i D) 3 B D Ji SR IS o
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b FEA O AR R SR B o BN o R AT JRUR
I8 B K SR o SR B LU RPN R SR B B

R3¢ 5y AR B2 15 200 i BE Rl o3 22 1] F) A DG
OIMTERILE 5. MRS AT, KA S BERE

IR B B 3 ORI O L A SE R R — 0. 820,
JEORJEE /S AR A 5 R 3 5 A 2 R =2 AL A A S
FH G A R BN —0. 850 /K MRS i/ B R i
[EESPNEE PV A I ST E NN DY P
ok 0. 820,

®5 XKAXZFELCEESMHMEERS XM ERK S EMNHEXSH
Table 5 Correlations between chewy degree and cell wall components of Chinese cabbage
. LR R . . s e FLETYE S iR Hu WA/
ok %El‘hthr; 7%»&Aﬁgi FUR K AR b fﬂ ?dfi[ﬁbm 71‘)%:? B 7J<(f;f£%ﬂ’x
Index hewy H R PP content TP content ~rude fibre -enm &R
degree WSP content content content WSP/TP
AR M R I
WSP content 0.702
SR e R —0.820* —0.627
PP content
P4 B s A
BRI b 0.118 0.678 0. 147
TP content
*Ei%fﬁgi 0.237 0.603 —0.435 0. 355
Crude fibre content
jiﬁﬁ?/ﬁ\% —0.719 —0.706 0. 339 —0.3577 0. 101
Lignin content
IRV R/ SRR . £ s _ x _
WSP/ TP 0. 820 0.935 0. 862 0.375 0. 588 0. 609
SRR/ R o qrps _ ; _ _o =& _
PP/ TP 0. 850 0.921 0. 876 0. 344 0.586 0.608 0.996
2.4 KEBXPCMCxAUESREERENHEXSY b () 22 S YR W I S KT, L 2 R g B A
#r KHZ PG IR & A G &R 2 Fh K H S0 1

BIF 52 3 BT OR339 DKL i J5iT -5 440 L B i 7 A
e A5 e A Y I 2 D0 AH G . X R H SR 5
JE TR R R i S A A W R . O T
RS G B R 052 w2 % 6 A b ) i
PG #l Cx & PE#EAT 72 45 R W3R 6, ik 6 7]
DL BR 114 AR <114 SR FH RS T X 114 AR
72 AR A R E) G W 2 22 55 Ak PG PR A H

BAR L Horb, 4R 273X 114 B B PG g
H6.02 U/mg. 235 5 T HoAl 5 FhoR =, 114
1) PG iGN 2. 88 U/mg. i i I T Hiflh 5
FROR 2R . Cx 3 4 7R AN [R] R 58 i Aol 8] s 3k 31 1
B L 2R TR 6 DR, 114 B T Y
Cx WhtEdm o 4. 29 U/mg, * T X114 1L 5
Cx {GHEfAK. ~ 1. 65 U/mg,

%6 AESWAEEH PG Cx B

Table 6

Results of PG and Cx activity of Chinese cabbage

U/mg

fh A Cultivars

PG i PG activity Cx 71 Cx activity

114 375 114 Chengyangqing 5.2240. 15 bB 1.2940.12 aA

273X 114 W7 Hua 273X 114 Chengyangqing 6.0240. 15 aA 3.5440.07 bB

114 #81L X 114 3 PH7E 114 Fushan X114 Chengyangiqing 4,1540.09 cC 3.19+0.17 ¢C

T X114 ##1 WeiguX 114 Fushan 3.95+0.12 ¢C 1.6540.08 fE

114 f% 11 114 Fushan 2.8840.17 eE 2.3340.08 eD

TLI# Weigu 3.40+0. 14 dD 2.954+0.11 dC
KRS ZREFLE S PG, Cx 3 P B9 AH 62 43 s Wi

PraiRRWL R A3 S BERE S PG EMEzE &
W B FIEM AR B N 0. 9715 5 Cx PRI AH
KRN 0. 662, K1k B FH KN PG IHEMES Cx Gk
Z A SC R ER 0. 661, R ik BF K. al L, K
FISk 5 R F 42 PG iR HERY 20

3.1 KB FRRKa@RTN

JRUBR it JBT 2 B SR 98 1 Aok i R R BT 1) 25 I
IO » A0 95 DR A 2R 2H SRR 38 i A A 2 00, — el
bR . T RASRLIAE N E Ll s A
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T B S 5 0 K P S KU i TR T R R AR 4
REWHERYSBEEE SSRGS EMRE 56
AL/ Ty VB R P A A S X R B T AR KT L A
KRB AR 0,997 F1 0. 999, 3% 5 JE WUF 4 1
T 25 M — 2 1 5 R e AR R e 25 A
il I 5 R B =2 R AN Bl 14 B R G A R, X AT
A5 1 PR b S % 4R bR R IR % .

B B A T DR RV IR A g
FEAN 7 0 BRI 6 T K 2 UK A B
TEPRIF ST 2 - 0 SO 365 A o 5 R 3 AU it I
e R R Y B R A i BT S L B AT LA
N ASCHE i B 8] P %8 5 R B M 0 S i OF 25
i 22 S B IR O e I A . FRESE AT R L R
/D PR R RELT A 8 0 RT  R R P , T
DA 85 A P 3 A9 XU i B . e B 2T 4R L T
FH A e Bl XU AR Ay 7 {58 1 XU A i 22 S5 7 F8 5
AN I R I, K SRR RS A
WP AR G L I K S A R R R AT A A
3.2 KBXSGELEEMNITMNIER

ARFTEGER R, KA E BT MR A
Gy B IR NLE B By B By R R 22 R A e
FHHIEIE R A RE A 22 B A) a0 A, R A
Ty AR BE X K 3 10 5 B R B A T s 0

AR EER X RAESELBESHRZ
PR L 40 0 BE 1 43 B AH G BTG MR AR oG . B TR
ERARMAENE L, BREAR KR PEE T
RS RANRS BTSN S E O, T
PR RENKARANGELE. B TFAERER
AR U0 K T R R — 2 2 A5 R S A T
Yoo i AR R AR B AR . R AU T R
R A R ISR B LR R R — 1Y R B
Mo BRI 72 K S0 0 RUBR i B VE AR v, % R
R R} S8 6 VU 1L 3 ) B 22 S Y (1 b ) ok 1k — 25
AR/ iks SIPNEE L E vyl 45 8

AR IE L5 R SRR o R e/ R A
TELAIG K VA R SR e/ 8 5 I B i W PG 8 1 K
SEMRL D) AR T AR A K A 3% 5 8 R AR 1 4
Bro PG JE—Fh 3 200 40 i BE K fi il HLRE S 51
20 0 BE 2 o0 SR T ) R L AR SR SRRk T R %
BRI, R AP A R S s AR TR
B TR T AR ARG L A SR e R T K L AR
SEYE PG IR RO C. KIEERK & 2S5 PG
WPE RIS, ARG R RN, RAXS B
FERE SRR & B/ PG G R EMHX. 5
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