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Effect of D ifferent Harvest Seasons on the Flavonoids Content and Antioxi-
dant Activities of L eaf M ustard
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D evelogment and B iotechnology, M inistry of Agriculture Hangzhou, Zhejiang 310029, China; *College of Agronany, InnerM on-
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Abstract: Effectsof different harvest ssanson the contents of ttal phenolics, flavonoids and antioxi-
dant activities in 10 genotypesof leaf mustard were investigated The results showed that leaf mustard harves
ted in ring had much higher levelsof total phenolics and antioxidant activities than those harvested inwinter
Quercetin and kaempferol were the main flavonoids of leaf mustard, and all the 10 genotypes harvested in
$ring had much higher contents of above two flavonaids compared with those harvested inwinter  Therewere
obvious differences in contents of phenolics quercetin, kaampferl and antioxidant activities anong geno-
types the correlation betveen genotypes and sean was significant It indicated that seaonsplay an impor-
tant role in affecting phenolics accumulation and antioxidant activities of leaf mustard The antioxidant activi-
tieswere positively correlated with the content of phenolics quercetin and kaempferol at significant and ex-
tramely significant level, regectively (P <0.05, P < 0.01).
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: 0.5000 g , 10 mL 80% 60
min, 4 4 000 r/min 10 min, , , 40
, 2mL , 4 10 000 r/min 20 min, - 20
Folin-Ciocalteu  ° 504 L
Folin-Ciocalteu 1.O0mL 7.5% 0.8mL, , 30 60 min
(SH MADZU UV -2410FC) 765 nim oD (Gallic acid)
: GAE (Gallic acid equivalent )
(HALC) : Herog °
0. 5000 g, 40mL 2 g/L TBHQ ( , Signa)  62.5% , 10
mL 6 mol/L HCI , 90 2 h, 100 mL, 5min 4 5 000
r/min 10 min, 0.45U m , -40 , Nova-
Pak C18 (3.9mm x150 mm, 44 m), (48.5 51.5, pH 3.5), 360
m, 3B 1 mL /min, 100 L
: (DPPH, 1, 1- , 1, 1-diphenyl-
2-picrylhydrazyl) , Tadolilm  *° . 50ML (
) 2.5mL 654 mol /L DPPH , , 30min 517 mMm
Aj, 50u L 2.5mL Al, 500 L
2.5mL 654 mol/L DPPH Ao, , (%)
=[1- (Aj-Ai) /Ao] x100 TEAC (Tmolox eguivalent antioxidant capacity) ABTS 2, 2'-
- (3- -6- ), 2, 2’-azino-bis (3-ethylbenzthiazline-6-sulfpnic acid)
: Re *“ : 0.1mL ( ), 3.0mL
ABTS , 734 T 6 min , Trolox (TEAC
M mol/dPM) FRAP (Ferric reducing /antioxidant power assay) , Benzie
o 300 L ( ), 1.8mL TPTZ ( , Tripyridyl-triazine)
( 0.3mol /L 25mL  10mmol /L TPTZ 2.5mL 20mmol /L FeCl 2.5mL
), 37 10 min, 593 M , 1. 0 mmol/L FeD,

(FRAP )
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1.4
+ (n=3), AS (AS
Institute, Cary, NC) , P<0.05 P<0.01
1
2.1
Tablel The total phenolics content of leaf mustard
n different harvest sasons (mg/dPM)
Genotype W inter Soring
( 1) Liuzi Jiecai 8.51+0.39  9.40+0.28
6.51 11.09 mg/g:)M Sunke Qingcai 7.05+0. 39 8.14 +0.42
’ ' B aoxin Qingcai 6.51 +0.87 7.45 +0.39
, 1.7, Texuan Zhujie 8.94+0.49  11.99 +0.53
Gueercai 7.68 £0.37 8.99 £0.55
Jingshuicai 11.09 £0. 46 12.36 +0. 42
7.45 14.87 mg/dPM , Biangeng Jiecai 9.57+0.35  10.92 +0.43
2 Xuelihong 9.87 +0.50 14.87 +0.24
BaoxinDarou Jiecai 8. 13 +0. 52 10.11 +£0. 38
' Siji Chuncai 10.59 +0. 73 12. 87 +0. 56
Mean 8.79 10.71
F 24.03" " 86.86" "
genotype
, 8.79 mg/dM, F saon 234.89" "
10. 71 mg/dPM , Feniex waon 49. 45
: F F *o* P<0.01
Note F represent F value of ANOVA test, * * P <0.0L
2.2
HA.C ; ,
2 , 0.25 0.76 mg/doM ,
1 L 3 1
0.38 0.89 mg/dM , '
1 2' 3 ’
2
Table2 The contents of quercetin and kaem pferol of different genotypes of leaf mustard in different harvest ssasons
(mg/oMm)
+
Quercetin Kaempferol Quercetin + Kaampferol
Genotype
W inter Fring W inter Spring W inter Spring
L iuzi Jiecai 0.44 +0. 03 0.53+0.03 0.63+0.04 0.79+0.05 1.07 £0.06 1.32+0.06
Sunke Qingcai 0.32+0.03 0.43 +0.02 0.53+0.04 0.77%0.05 0.86 +0.04 1.05 0. 02
Baoxin Qingcai 0.25+0.01 0.38 £0.02 1.14 £0.08 1.42 £0. 10 1.39 +0.09 1.79 £0. 07
Texuan Zhujie 0.76 +0. 03 0.89+0.06 1.09+0.10 1.20+0.05 1.85+0.13 2.09 +0. 09
Guaercai 0.39+0.03 0.64+0.03 0.55+0.04 0.62=*0.03 0.95+0.04 1.43 +£0.03
Jingshuicai 0.41 +0.03 0.51 +0.02 1.43+0.10 1.76 £0. 11 1.83+£0.07 2.27 +0.13
Biangeng Jiecai 0.33+0.02 0.38+0.11 0.68+0.05 0.96%0.08 1.00 £0.05 1.34 +£0.08
Xuelihong 0.60 +0.04 0.77+0.04 0.99+0.05 1.14+0.08 1.60 +£0.03 1.91+0.11
Baoxin Darou Jiecai 0.33 £0.02 0.39+0.03 0.61+0.04 0.86+0.08 0.95+0. 02 1.25+0.07
Siji Chuncai 0.55+0.04 0.68+0.44 1.16+0.08 1.23+0.11 1.71+0.05 1.91+0.14
Mean 0.44 0. 56 0.88 1.08 1.32 1.64
F geroype 90.29" ° 82.57" " 68.44" " 58.16" " 109.38" ° 60.97" "
F zaon 174.5" " 122.48" 7 239.377 7
_Feerotpe x saon 13.13" " 10.86" " 10.31" "
F F * * P<0.01

Note F repreent F value of ANOVA test, * * P< 0.01
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, 0.44 mg/gDM, 0.56 mg/dPM, ,

0.53 1.43mg/dMm , )

, 2.7
0.62 1.76 mg/goM , , , 2.8
) 0.88 mg/
M, 1.08 mg/ M, ,
0.86 1.85mg/dPM, 1.05 2.27mg/doM,
2.3
DPPH ( 3, DPPH
39.43% 76.86% , , , 1.9
, DPPH 63.28% 87.93% ,
: : 1.4 ,
DPPH 74.66%, (60.78%) ,
TEAC ( 3, TEAC 17. 66
29. 254 mol/¢PM , , , 1.7
TEAC 21.63 34.16H mol/dPM ,
’ ) 1 6 y y
TEAC 26. 724 mol/dPM , (23. 194 mol/PM ),
3
Table3 Theantioxidant activities of different genotypes of leaf mustard in different harvest ssasons
DPPH TEAC FRAP
DPPH inhibition (%) { mol/goM) (mmol /kgDM )
Genotype
W inter Spring W inter Sring W inter Soring
L iuzi Jiecai 66.59+2.72 75.94+2.33 22.29+0.66 25.44+1.23 100.05%3.95 142.41+5.54
Sunke Qingcai 53.36 £3.54 65.01+2.39 17.66+1.67 23.99+1.04 82.52+6.63 122.39+7.02
Baoxin Qingcai 50.24£4.21 63.28+2.24 20.87+1.57 21.63+1.77 76.00+£5.08 138.45+7.48
Texuan Zhujie 65.69+1.62 77.19+2.32 23.95+1.20 28.79+1.45 111.43+5.66 143.73+3.72
Guaercai 39.43+£2.26 71.76+3.49 21.34+2.42 22.47+1.04 87.31+2.68 94.50+9.01
Jingshuicai 68.95+1.59 82.91+1.58 29.25%1.12 32.44%0.79 169.82+11.50 195.36 £9.97
B iangeng Jiecai 58.99+2.54 72.01+1.78 22.11+0.54 24.23+1.311 25.69+6.86 141.74+10.38
Xuelihong 74.11+1.59 83.44+1.87 27.44+1.79 30.63+0.52 91.12+2.64 156.87 £4.01
Baoxin Darou Jiecai 53.60+£3.50 67.14+2.46 21.24+1.96 23.38+2.77 85.69+7.04 120.42 +3.68
Siji Chuncai 76.86+£3.70 87.93+1.25 25.73+1.01 34.16+1.281 55.79%6.68 171.32%7.12
mean 60. 78 74. 66 23.19 26.72 108. 54 142.72
Ferotpe 49.40" " 42.217° 15.72" 7 28.497 " 77.147 " 45.29" "
F sasn 78.45" " 85.86" 319.46" "
_Foerotpe x saon 41.74" " 17.66" " 54.89" "
. F F , *ox P<0.01
Note F represent F value of ANOVA test, * * P <0.01.
FRAP ( 3), FRAP 76.00

169. 82 mmol/kdoM , , , 2.2,
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4
FRAP 94.50 195. 36 mmol/kdoM s
L L 2' 1 1 L
FRAP 142. 72 mmol/kdPM (108. 54 mmol/kdPOM ) ,
2.4
4 ; , TEAC : FRAP
D PPH 3
4
Table4 Correlation between the content of phenolic canpound and antioxidant activity
Phenolic canpound DPPH TEAC FRAP
P DPPH inhibition (%) (U mol/goM) (mmol /kgdM )
Total phenolic 0.82"° 0.88" " 0.83""
Quercetin 0.67° " 0.62" " 0.54"
Kaempferol 0.55" 0.717 " 0.64" "
+ Quercetin_+ Kagmpferol  0.72" " 0.79" " 0.74" "
o * o P <005 P <0.01
Note *, * * dgnificantat P <0.05, P <0.01, repectively
3
3.1
Crozier ,
14
15
3.2
3.3
HR.C ’
1.96 Herog , 28

16

M iean
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3.4
DPPH ABTS Fe'*
(FRAP) : :
( 4), Folin-ciocalteu , ,
ClB
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