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Enzyme-assisted Ultrasonic Extraction of Total Flavonoids from
Brassica rapa L. Optimization and Its Antioxidant Activity Analysis

ZHANG Lijing' ,FU Mai',ZHANG Wenhui’ , CHEN Feng’ ,ZHA Luo’,
FAN Bei' ,LI Shuying' ,LU Cong' ,WANG Fengzhong" *

(L.Institute of Food Science and Technology,Chinese Academy of Agricultural Sciences, Beijing 100193, China;
2.Institute of Agricultural Product Development and Food Science, Tibet Academy of
Agricultural and Animal Husbandry Sciences, Lasa 850000, China)

Abstract : In this study, the extraction of total flavonoids in Tibetan turnip by enzyme— assisted ultrasonic technology and its
antioxidant activity were studied. We used the yield as an indicator, and the Plackett— Burman experiment was conducted to
screen out the three factors that had the most significant effect on yield: Compound enzyme ratio, material - liquid ratio and
ultrasonic power.The extraction of total flavonoids in turnip was then optimized by response surface methodology. While the
antioxidant activities of total flavonoids were evaluated by DPPH and ABTS" free radical scavenging experiments.The results
showed that the optimal conditions for the extraction of total flavonoids from turnip are: The compound enzyme ratio was
1.9:1 g/g,the compound enzyme dosage was 2% , the material - liquid ratio was 1: 38 g/mL, the ethanol concentration was
75% ,the enzymolysis temperature was 50 °C, the enzymolysis time was 55 min, the ultrasonic power was 204 W, and the
ultrasonic time was 60 min. Under these conditions, the maximum yield of total flavonoid was 1.458% .The results of anti—
oxidation experiment showed that the ICs, of DPPH free radical scavenging was 185.6 pg/mL,and was 164.3 ug/mL of ABTS*
free radical scavenging,which indicated the total flavonoids of turnip had antioxidant activity in vitro.In summary, this study
showed the conditions for the extraction of total flavonoids in turnips by enzyme — assisted ultrasonic method, and the total
flavonoids had strong antioxidant activity, which would provide scientific basis for the future development and utilization of
Tibetan turnips.
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F6 7 ( Brassica rapa 1..) X 45 JUHR (P4 3 X 58
BR) AR, B TR S Je A, TEVE R
WFRACIIVE NG R B, BT IRZ) KRR
Z L CRRERAR L) rhid gk, JEE MR, VEUR , i Fh
BEYhEg. PEINR, IBEF R S o, IR, T
AB T E=48 BEAITHHERE, T, ki
P8, FRAREE , I A0 B i D IR ST R,
FEFF A R W EER OB AL IR R
TH S OB A AR W TS MR A, HLHA B
RE LG 4 MW B0 97 K it ke S Tl s T S T
JoFE A E PR T BISARIE

WG W AE N — 2K ee Iy, BB 2/
A O A BHAKOR S 2 B, A2 3 T T i e
B /T B A BF 5T R FH % 50 S B A8 A8 B 4 B 4 BB |
IO At B 2 B KR P i e ] 4 B SR B S 35 4
Je SETE PR P i) B E R R D R B E g )
JHHET= A= a5 Ve T, B RO U 2H 8L 4R B | {2 1
L PR3 A AR T B v SR b, AN $R B R BOR, 5%
GEAE W7 VAR L, BoA 1SR L BB A B O AR A
B T I T SR ) AT A 2 L SR T T A IR
THYYLH LR 00, 7 2 0 BE R Ay (i 2R, B A5 05 L
A AR AN IS TG TS G SR Y R R
il B B B R 45 G A8 P P R R Tt 2k i M O
Fe, PRHCTE % A A3 1) e RO TR Bk 2 B AL, B
AW ST R F A% 7 ¥ e 2 H BRORE B v i R B T A
Gy OEIE, MG SR FH I vk 4% - R 7 i B
P 0 7 e B e i LA T .

PR , A3 50 R FH &2 6 Bl el B 75 Jp vk $R BV
T IC TS S IR , LS MR A SR AR S B B A, TE
BRI 2R S g iy Aty |, 3l ) Plackett—Burnman 55256
e H W 3 RS I PR 2R, 9 — 2538 3 Box— Behnken M
P THTE DG AR 52 56;, 4 72 55 3 A 0 TR 248 1) o A e BT
20, X AR SN A A IE MR EA T T W1 2E TR, Sl P
JoFE P IT R IR AR AR
1 #MRl57HE
1.1 #R5EE

JoF TR A VG RO B i IT 2 5
BEAELENTSE P AL, SR | PE R A 6 XS #RHL X 5T
W U E N+ A AER S R S8 A OEFF ( Brassica
rapa L) P25 2 T XIS 2B [E Sigma A H ;B ML
RESIAG IR & (ABTS) R RAEWEARA R
Al LT YRR (5 < 107 U/mg) GREAE(40 U/mg) b
TR R A BR 2N H 5 I A R BN L A IR A A5 ik
bl N EE s s o Vo 2 DO EE 2R Y B E ke o 5 v /A

Spectra Max 190 Aff#r{¢ 3% [E Molecular Device

OS] AL204 Sy TR SR - FE R Z2ANES ( L)
AR ] IKA gL 72 24 32 E IKA 25 F ; HH-1
TEROK W db st i Ak B B B JF A ES A BR A &5
105-18c .25V R TR L g Lb BHAX SR il i A R
INEKQ-600V S PiE vEsy RN E
AR F ; DHG-9203 A S X THEAR LS 22 S0 ik
WA RAFD .

1.2 XWHE

1.2.1 e RAEE I KIS F PR E R T 15
TE 50 °C 254 F T4 24 h K)o it 60 H i, i A%
S A PRI g FEF A, FIA 100 mL #EJE
T, RA—52 B R EG TS 0 AR [R) A4 B4 B 1) & B
W, A — <& B 00 52 4 T ( 2T 4 25 1 A0 SR I ) , i A
LB PR pH A — IR E N ST B A S, 9 K T
HOK 5 min JFERHET, Bl S TE— & BURE RS DI R IR
FIAFTa] 2542 7 364783 75 AL 1, BE 9 7E 3000 r/min 2%
PF B0 10 min, B 775 % B Sy 285 1 2 B0 o

1.2.2  PARERSZE  FF X\ A8 gk G B S 4R
MRS R R 22, B St e AT E . &
e JBE AV L | T A S TR A e i RE R R D Rk
7 s [E], WFFE A5 PR3 % S8 38 T B B IR A5 2R W 2 ),
1.22.1 5 & BE L X G 2 g R g s AR 8
“1.2.27 Tk, e RN LA 1235 o/mL, 52 A il 1)
B MR BURAR TR 2.0% , 2 U 3 R 75% |, B It
B2 50 °C, it [a] o 55 min, 1 7AT)5h 200 W,
A [E] 60 min, % % 2T 4k 2% Wit 5 5 5 i 00 S B
(1:1.1.5:1.2:1.2.5:1.3: 1 g/g) XF I35 H Bl B i 45

AL
1.2.2.2 5245 P AT B B ERAR AR a2 e IR

LI TR L, [ 2R R 1535 g/mlL, Z IR
N T5% |, B E R 50 °C |, B E] A 55 min, B8R
Py 200 W, M85 I R] 2 60 min, %5 5852 45 il 114 FH &
(1.0% 1.5% 2.0% 2.5% .3.0% ) %} 3575 b 2 5 fi 15
RIS

1.2.2.3  EHR AT BB EAR A5 72 FR SR
FAty I, [ 552 B U5 3 50 °C, 2 BEVR B N T5% , il
fRIFE] 24 55 min, AR AT 200 W, A8 745 BHE] ~60 min,
ERIE L (1:15 1:25 1:35.1:45 1: 55 ¢/mL) X I8
R R AR R A R

1.2.2.4 LU FEXT B R 2 7 RS
Sny Bemh b, [ A R EE S 50 °C, il i B a] Sy
55 min, #FE T3 200 W, 75 B E] R 60 min, B 2K 2,
BEH S5 (55% 65% 15% 85% 95% ) X} F&#F 1 B 1
P 5 23R B S

1.2.2.5  Fifgfye o (o) X 0 S B AS SR g e A8 iR s
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SR ELEE b, [ e A R T 3R 200 W, 7 R ]
60 min , % 2L} [A) (35 .45 .55 .65 .75 min) X} IEHE
H PR R A5 2R S ),

1.2.2.6  Ff iR 5 X R B EA AR R AR 7 L aRsl
IRy AR L, 5 52 WA B 1E] 2R 55 min, 8RS D) 3R
200 W, /5 B [E] 2 60 min, 2% 52 i A i 5 (30,40,
50 .60 .70 °C) X} I3 B B AT 2R W2,

1227 BTSRRI LIS R A FZm DR
4 () FEml L, [ A8 7 e (] S 60 min , 5 S S T %
(160,180,200 ,220 ,240 W) X FE5 v & E i 15 =R 1Y
SN

1.2.2.8 7S A ) XA B ER AT R AR AR iR SE

g Beal b, PB4 I ] (40 .50 .60 .70 .80 min) X
FEFF S R R S

1.2.3  Plackett— Burman SZ5G BT ASSZEG A [ BTN
R 2, I TR B R 2R S0 06 1y Aty [, 3l o Plackett—
Burman {80311, X 8 AR PEATOME, B R
B AT AR AR STEL, W N (B Dy S5 B T 19 7555, G 1k
H XF a3 B i A5 S5 A I 35 52 e 1 R, AR SR S 2
JOE THT S 86 S R o SR PRI AR MoK LR 1,

Z 1 Plackett—Burman 25 K 28 KoK SE i3]

Table 1  Factors and levels of Plackett— Burman
% K-
-1 1

A ZEMERCI (¢/g) 1.5:1 2.5:1
B2 GHEEHA (%) 1.5 25

CRH L (g/mL) 1:25 1:45

D LR (% ) 65 85
E Tiffigt i 8] ( min ) 45 65

F g (°C) 40 60

G AR (W) 180 220
H # 5 I}E] (min) 50 70

1.2.4  Box — Behnken M i T& ¥ 11 TE B Z &
Plackett— Burman 56 JFe il F, DL G 06 H B9 =X 5
B A AR5 ) i 25 00 PR 3R A G B IC L OBHE LE AR
75 DA Sy i N T SE G T B AR A, DA SE T PR
VR A5 3 Sy i N AE, it = R E =K Y Box —
Behnken mi i FAEAG IS . g it WLk 2,

2 Box-Behnken Wi i i {40 PR 3 oK -3
Table 2 Factors and levels of Box—Behnken

7K
A= -1 0 1
A AT (g/g) 1.5:1 2:1 2.5:1
B BHR H. (g/mL) 1:25 1:35 1:45
CHEFEIFE(W) 180 200 220

125 BEESE2mNE SHFHcwk[23]RH
NaNO, —AICl, Eb 87k 1% 52 56 45 S 45 1 2 T Fr i ith
28, K A 510 nm o AR 3 e ' 45 SR 4 il A fE
HRZE , ZB 7 FE N y =0.00823x-0.004 , R* =0.9992
B 5 mL SEEHROR, B )5, IS 510 nm &b
A IR DA , 388 kA o R 2R T IR R 0 S =, AR R LA

176 021 %06m

T HK

AR ISR EE = UOT R E.

1'§\ﬁﬁlﬁ]?§%( % ) — w# x 100

A, C JyFETEIM E AL A R EE (mg/mL)
V MR BOR AR (AL mL) s N S BAEE, W S FR
B FE 3 B hE (g) o
1.2.6  JETF MEHR B3 S AL IE YERTIE
1.2.6.1 DPPH [ 3R 9280  dFHJG/K £ BEig i
0.5 mg/mL () DPPH %% . HUAS 7] ¥R B2 Y 96 75 2
fili] (50 . 100 .200 400 . 800 wg/mL) fin A DPPH ¥ %,
VEPRAH RT AR B 10 Vo AR R BT B 35 20 5 (e 2
TSR SBE G B 30 min, £E 515 nm Zb KN 0% SGAR
145 DPPH [ L3 R .

A

DPPH [ th 535 5% (% ) :(1 _AfA‘ ) % 100

Ao, A, S JEOK BN SRR DPPH 5 W 1 %
JGHEE ;A SRR INAEAF DPPH SR IO CEE s A
RS ISR TR B VS W W G o AR 52 56 25 211t
FIEH B ERE R DPPH A i 31 1Cs {H .
1.2.6.2  ABTS' H 3L BR% S0l AP b
AE A I 1250 & (ABTS ™) 6 58 75 A 3 i i e 81k
Wk, 78 96 FLAP A 20 pL 3 AL TAEW, 25
FIZH I 10 wWLPBS #, FE G 2H rPoin A 10wl A~
[ JBE T 35 44 # 1 (50 . 100,200 400 . 800 pg/mL) ,
P Vo VER BHPEXT BE AR phZR 4L A 10 pL R
[Rl¢ B2 1) Trolox Fi M7 M s F2 2R 20 )5 B AL A
ABTS " TAEWK 170 pL RS JS/EZE R N H 5 min,
TE 414 nm b0 52 W SGAHE , S5 H AR I B AR TR

o RIELILE IR ITET L E MR ABTS™ H i
e 1C, .
1.3 HiEsE

T S8 E A = U, O E IR AR IR 25
{di ] Graphpad prism 6 {7 4b ¥ 5 [R] 2= 52 56 45 51 Kt
YL AL IL g g5 28, {1 ] Minitab 17 #AF Bt X ot
Plackett— Burman 25 | fifi ] Design Expert 8.0 #4:-15%
T B 53 AT v V7 T S 56
2 HREHMH
21 BRERILKHER
2.1.1 AN LA B ENAS R 05z m s 1 S
W4 R, BE S 2T 4 2R B Le 4 (g 1, SE R R
PR AR R I Se N S 218 b e, LR 4
RO, A0 RE Y B IR AN 58 42, BE 27 4T 4 R il L
A5 PRI, RSB TR [ 9 L B, A5 S T 1 0 2
KAH 0.95% 4k L 388 i 2T 4 25 Wil 1% LY A7) s, 4 38 i)
1SRRG NS, TTREl Terge Rt &,
AFER 31 4 B 26 75 50 75 UKL R T, 2200 1 21 IR i 3=
A R A R G 2, DR I 3k 4 2T A 3 T
RBEBERIEC LN 201 g/g,

212 HEEEGHEXT S EIE R m HE 2 5
g R, A AL G T T B B0, Se i S B ER AS 5
SIS INE AR A, S E S R ik F] 2.0%
i A B ] A 25 K B e KA 1.14% o AR N2 45
il () FH B B, R B AR AT R S B AR A AT AR Y R
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Fig.1  Effect of complex enzyme ratio on the

extraction of total flavonoids from turnips

PRI i 5 5245 Tt P e A G0, BE A RS0 I 4 Jifg B
A HE TR A s 1, A5 SR WG 0 s 24 2 G il )
it 2.0% J5 , BE & 5 A B & 00 3, IS e BE S
AR EEA BB AR, S 2O /E 2 58 T i,
IR T R A5 RS F L R e S 06 A R, ik

2.0% 1529 52 A5 B o
1.2+

—_
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1
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o
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Fig.2 Effect of complex enzyme dosage on the
extraction of total flavonoids from turnips
2.1.3  CBRE LEXT S B R AR A S ST 45 R i &
3 AN, BEAERRA HE BB O, JETE L B R 9 A5 3 D S
ENNG IS 32 W R B e B R L B O,
FNE W HE 22, BT B G 22, ELE AR T B 0, 24
B LE A 1335 g/mL 43538 e KAE 1.04% , k%L
IERARA L | B 1T 2 ek 2 W -5 T 40 B R R S5 i) e it
SRR L LAy i 452 1 e 47 1 LI o R T R b 3
AN EL oA 1235 g/mlL,
1.1

0.6 T T T 1

1:15 1:25 1:45 1:55

1:35
BRE LE(g/mL)
B3 ORH X a7 B A 5 R
Fig.3 Effect of material to liquid ratio on the

extraction of total flavonoids from turnips

2.1.4  OEEAJEXT S IR AR AR SLER S R th
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Pl 4 ] g0, B B B2 B9 3O, 40 P9 S B vk 32 2
TR, A ) T B Bl 3R A AR W N, AR £ IR
BE2R 75 % WIS B fe iy , ARS8 N LB R R L, 23 (i st
TR A SR R P AR O b B, 2 o 5
B2 ) S T 4 5 WK o a4 T 5 3
HOAS A P BRAIG, DR e PR Sl 75% W) LW dEA T
JET e R AR

1.2+

R (%)

H
1:3 0.8

0.6

70 75 80 85 90 95

LW E(%)
K4 ZBER R Jo B AR R

Fig4 Effect of ethanol concentration on the

55 60 65

extraction of total flavonoids from turnips
2.1.5 WA S EERA AR AR LR S5 R th
VPl S AT, it A TG A P TR) 1 SE G, BRI 5 43 TN Tt
AR HZE T 00, JE 75 B8 B 59 453 W W kg hn , B
LRFF V- R Bl R B TR] SRy 55 min B 25 () 75 5% Ok
1.0% . Hiid 55 min J& , B 50CR FEAS TR E , RS
FRARIGFAAL , DR IHORS Bt 1o [A] 52 152l 55 ming

BRI (%)
o Iy
2 2

<
=)
1

35 40 45 50 55 60 65 70 75
Tt i 1N 1] (min)
PELS R fipe T TR X i 5 A B P A 25 4 522 1)
Fig.5 Effect of enzymolysis time on the
extraction of total flavonoids from turnips

2.1.6 MR EXTDE T S B R AR SLERAh
S 6 AT, BiE 2 T A O R B0 B8N 56 B IR 69 15
HRE MBI 5 S Ng KR p . fERR AT,
Tt ) 365 3 e A B 8 A TR, BB TR BE B T v, i A 965 P
BT RO ARG, B R O SO °C I, BT
M3 38 R K 0.97 % |, 1 2SR EE AR 3ok 50 °C B, Tl A4
SRR, BB ERASA88  o R B FE 50 °C AE Sy it
ML

2.1.7  HAIREXS EE AR LIRS R th
P 7 AT, JE 75 BT B0 A5 3 Bl 25 R RS D 23R 6 54 i
HEOR, M T AR 200 W TR R LR 3515
JHTF, PR BRI sl b, S B0 75 350 455 B8 A 1E] 98
N, TRV 23 A 6 G 5 7 A i R T T A Ak il 2
IR I 0 S R U, 3 BB R 1 A5 R B T R
I, DA I A R P ) 3R Ry 200 W
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Fig.6  Effect of enzymolysis temperature on the

extraction of total flavonoids from turnips
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Fig.7 Effect of ultrasonic power on the

extraction of total flavonoids from turnips
2.1.8 EFNFEIX DG E SR EHAS AR S I 4
SR & 8 T HN, JEE I IR Y 15 S BE A R I [A] 1Y SE
KBNS A PR p a3 258 75 I [a] ik )
60 min [, B B9 A5 HR K F R K, N 1.05% o 60 min
J& B RAAS A FEAARAF AN AE Bl A RS I R 9 SE S
P BOMAS L 23 3 0, 60 min RPAT 58 45 42 B 835 b

PR ], ] LG A 7S ) ] 2 R 60 min g
1.2+
< 104
E:[\_r’,'
E
# .84
0.6 A x : ; ;
40 50 60 70 80
BB 75 IS ] (min)
& 8 R 7R SR I A) % I3 L A 5 1) 5 )

Fig.8 Effect of ultrasonic time on the

extraction of total flavonoids from turnips

2.2 Plackett—Burman 323§ 25 R o 47
Placketti—Burman 55615 11 A i i (B 45 5 UL3& 3,
5 ] Minitab £ (4= X 52 46 80P 3647 [B1 U3 53 B F0 . 3
PRI, 45 R F 0 B RS R LR 4, SBGEE Rl 3
40, NAHEEPWEE A A5BERS]) .CCRNE
L) (GBS Ty 32 ) X 2 85 i g 45 R 52 i g 35 (P <
0.05) , Hl b, #E Pk — A~ BB 2R 47 ) Bz 1T A A6 S 56
2AATE A TR R AR RE | A A (R A S A

178 021z 06w

(] 5 A~ DRI 2R X8 S B IR 1) A5 3 B2 i A ik 2, D9 e A O
SEARALSEE FORFIX 5 A4 PR ER B Sl B DN 3R S 50 A
BB A A, B A B & 2% , LBERE 75% , i
f# BT Ta] 55 min, BEFIEE 50 °C ,#7Bf[E] 60 min,

263 Plackett—Burman SZH 4[R2 7K - M i v B
Table 3  Levels of various factors and

response results of Plackett—Burman

s A B C D OE F G H HBXR9%)
1 1 -1 1 1 -1 1 -1 -1 0.94
2 1 1 -1 1 -1 -1 -1 1 0.76
3 1 -1 1 -1 -1 -1 1 1 1.05
4 -1 -1 -1 -1 -1 -1 -1 -1 1.02
5 -1 1 1 1 -1 1 1 -1 0.89
6 -1 1 1 -1 1 -1 -1 -1 0.73
7 1 -1 -1 -1 1 1 1 -1 0.65
8 -1 -1 1 1 1 -1 1 1 0.97
9 1 1 I -1 1 I -1 1 0.82
10 -1 -1 -1 1 1 1 -1 1 1.17
m -1 1 -1 -1 -1 1 1 1 1.09
12 1 1 -1 1 1 -1 1 -1 0.88

w4 OSHRRDFEELE
Table 4  Significance test of each factor
R mIHRE peEZE TME PH WK
A 0.0975 0.018 5.43 0.012 *
B -0.0258 0.018 -1.44 0.246
C -0.0575 0.018 3.20 0.049 *
D 0.0192 0.018 1.07 0.364
E -0.0308 0.018 -1.72 0.185
F 0.0375 0.018 2.09 0.128
G -0.0692 0.018 -3.85 0.031 *
H 0.0192 0.018 1.07 0.364

e+ TR (P <0.05)

2.3 Box-Behnken Mo v B SEI6 45 R 43 #F

ma N AT T A SEIR A SR LR 5, MRYPER 5 4
ST FEHE B INAS RN 1 A A A EE D LE (A) CBHR EE
(B) FI#A S IR (C) B R L [ G A A, 1)
Design Expert 8.0 R/ %3 £ P52 47 k£ ool =
H.a RNk 6 proas. AR EIEF AT

Y =7.08531-0.0175A-0.089375B—0.052063C
0.01AB — 0.00375AC + 0.0001.75BC + 0.215A +
0.0006.125B* +0.000134375C’

Ya2e 6 BIHT7 F2 7 2= 4 Mol Fn, 2§ 5 P (B
0.1245 > 0.05, X B R HBIH XA B3FH, L5 FE B I,
[] YR 25 (%) B8 3 ZR B RS = 0.9683 , A5 4D I Hk 22 %K R,
=0.9446 , KB B TR AT 5E

SZUGZE SR R 6 NI, X e R R B IR AR SR A 5
Mg AR B/ INE = A PRI FRAR IR O B A EHEC L (A)
I (C) B (B) , Hoh & A AL L (A) R
L (B) XF 459 [ 52 il 2.3 (P < 0.01) , 5 o) &
(C) HEAEME e (A) 5%k tb (B) 1938 B AE X7
155 A B Em (P <0.05)

] Y= ABL AR TN (1) S 75 60 o R 1) S A B R B T 25 R

+
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Table 6  Analysis of variance of regression equation
LE-23 wh F5 A ¥or FAE P{E M
BT 9 5.288 0.573 17.86 <0.0001 o
A 1 0.237 0.237 17.564 0.0073 .
B 1 0.311 0.311 14.251 0.0045 .
o 1 0.458 0.458 15.779 0.0381 #
AB 1 0.104 0.104 3.124 0.0206 *
AC 1 0.562 0.562 1.765 0.2268
BC 1 0.491 0.491 1.533 0.2561
A 1 0.039 0.039 12.241 0.0001 .
B’ 1 0.058 0.058 18.04 0.0038 .
c’ 1 0.0312 0.0312 9.82 0.7639
H2 4D I 3 0.022 0.0074 2.83 0.1245
afiiRIs 4 0.2051 0.0912
pegill 16 5.42
R* =0.9683 R, =0.9446

T = FOREMRE (P <0.05) , s Mk 2% (P <0.01),

%5 Box—Behnken IR AR S0 it 5455
Table 5 Design and results of

Box—Behnken response surface analysis

51 =3 A B C 1323(% )
1 -1 -1 -1 0.56
2 1 -1 -1 1.08
3 -1 1 -1 0.92
4 1 1 -1 1.26
5 -1 -1 1 0.75
6 1 -1 1 1.14
7 -1 1 1 0.98
8 1 1 1 137
9 -1 0 0 0.87
10 1 0 0 1.14
11 0 -1 0 0.76
12 0 1 0 0.92
13 0 0 -1 0.71
14 0 0 1 0.98
15 0 0 0 0.76

B ABHEC L 1.935: 1 g/ g Bl Lb R 1:37.54 g/mL, 8
FEIER N 204 W, 193 1.489% , Hofth S R BN 2.
S AR . R T B S BRER AR, BEaE R ER AN
EEBHCLE S 1.9: 1 g/g; Bl Lk oy 1:38 g/mL, #E 7
TRy 204 W, #EF7 ZIRF I S2 5, MR RN
1.458% , S5 IM{E A 2= 2.08% , 35 BH 2 5 5 (1% A] &5 4
=, T T a3 B e i o $E B . A1 EL e 86 - F JR K
2 % ik 2 PSR A A I I R RS T A A A Ry
0.28% 5 Th 75 4512 SR FH M B AR 2 HUTE 75 34 1 114 45
RN 0.64% A3 T WH BT

24 ZEELEMMESMLEEHRAR

24.1 ZEFBHEMWE KR DPPH H i 3LiE 4 WFsdi
s DPPH [ Hy 22 375 [ 52 06 0 58 75 i 3 il 1 Pe SR Ak 7%
PEIEATISE , SIS S5 RN 9 Fron. mlLUE H, ANF
W PEIETS B BEI S DPPH [ H L 37 KR SR AE 5 13K

KA, BEAE B B B2 9 38w, DPPH [ i B 65 B o
W W b Rl — W E AAE R, BT IE Ve 35 BR
DPPH [ tHZEACR IR T 67 B M. 1155453
JEE B SR I XT DPPH [ Hh & 507 B4 1Cs,
{ER 185.6 pg/mL. Hh b nl UL, 675 B 55 i BE 02 37 5%
DPPH [ i 3, B P TE P
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Fig9 DPPH free radical scavenging capacity
of total flavonoids from turnips

242 JoiRAEERNTERR ABTS' B i 3EEE  WF5EsE
SR 10 AT, ABTS ™ [ Hh BE A3 BR F B A S
TS B B B BN R, AR RO R T
FEAG I8 S IR R U 1 1C, {5 164.3 pg/mlL,
SFHPEXT IRV AR, e S B XS ABTS ™ [ i 209
HERTE AR . M TT UL, SE 3 S s R X ABTS ™ H
H AL HAT —E BIEBRAE T , B RS im 1 o
3 Hig

ASHIT SR Bl 75 Al B 32 B G35 B8 I b Y 52
PRUZR EAT T i 28 S 46r , 45 381) X B 1R 45 23 52 ) Il 25 1Y)
SASPIER 8 A e N T 2 R ST T R B S H T
B0 U9 7 A, A5 2 B A 4R A s A2 I IC LE
1.9:1 g/g, ZEBEHmR 2% , BHk L 1: 38 g/mL, LB
WSE T5% , B % 50 °C, BRI E] 55 min, @75 1
204 WA IA] 60 min, 4 8RS 5Ky 1.458% .
AT ST MRS g 25 SR R BT, S S B I X DPPH
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Fig.10 ABTS" free radical scavenging

capacity of total flavonoids from turnips
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