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from Brassica rapa L. was extracted through ultrasound-assisted method. Experiment factors and levels were selected
by one-factor tests and the effects of solid-liquid ratio, ultrasonic power, ultrasonic extraction time, and extraction
temperature on the extraction of protein were studied. According to the Box-Benhnken center-united experimental
design principles, the method of response surface analysis with 3 factors and 3 levels was adopted to optimize the
extraction technology. Meanwhile, the antioxidant capacity of the protein from Brassica rapa L. was evaluated.
Results The optimum extraction conditions by response surface method were as follow: solid-liquid ratio
1:18.88(m/V), ultrasonic power 120 W, ultrasonic extraction time 6.12 min. When the protein mass concentration was
25 mg/mL, the scavenging rate on DPPH free radical was 99.3%.The total protein content of the Brassica rapa L.
obtained under the conditions was 21.71 mg/g, similar to the predictedvalue. Conclusions Under the optimal

conditions, the extraction rate of protein from Brassica rapa L. is improved. The scavenging capacity on DPPH free

radical increases along with the increase of the protein concentration, which is inferior to that of ascorbic acid.

KEY WORDS: Brassica rapa L.; protein; response surface optimization; single factor test; antioxidant activity
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L1- = 2K 3% -2- = 84 % 2K B (1,1-diphenyl-2-
picrylhydrazyl, DPPH)(t 5:20130826, ¥ 5T #B 3k 4= # £ A
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WYl 2z s, R XA T, BGE B I TR M, B
YRS R, R 60 B, HIRAELEE

HEFIFRBOET A 7.5 g, BARHBIEI 1 ho DU
4000 r/min B0 20 min, B VEW, 08, 15FESSRBUR

HURE S 4R IO, PR A R UL TIRE R . Ak
RS RE, 43 BIUTE)S B 4000 t/min BS5.0> 10 min, 1535
TUR M U0, BN THRAR P T, B35, 1533
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Y BRI, T 4 CCUKFAPRTT o

()% LW G-250 5 W il

BRI 0.175 g ZHWEE G-250, T 50 mL
5% B L WEJR, T 85%( 14 A 4 %) 1) W &
100 mL, $&57, MEA TR BUBE I 30 mL, NIl 95%0 £ 1
15 mL, 85%MBEMR 30 mL, Z8147K 425 mL, #£51, i
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Iy BIHEEL 0. 0.02, 0.04, 0.05. 0.06, 0.08, 0.10 mL
B M E AT 7 4 10 mL BZERE T, Bk E
1.0 mL, 2% s G-250 ¥ 4 mL, $5), =R
5minJ5, T 595 nm AR AME, DL AECHALFR(Y),
DL BE (mg/mL) R A6 B (X), 25 AR T 22
225 FiEFRiE

(V)N i S 5y

FREL 2 g FEH By oK AL N I 43 BT I i S SR L2 14
T IREGR . WBUEBUR 0.2 mL, FELEWOLE A
6 X, TR BRUEN 22 (relative standard deviation, RSD),
WM A B R A AT .

(2) EHE ML

FREX 2 g FET5 MR, 3k 6 Y, AT
Hil B AR BORA T, R W CRBUR 0.2 mL, II5E W6 A,
145 RSD i, Pk EE MR A Rt

€Y} hretdas i

FEEEL 2 g By, WHGREUE 0.2 mL, 7£ 0. 15,
30 min BF A FIIEERE A, T4 RSD {H, FEARE SR BUR
7E 30 min PFRE MR R AT
226 RBERFTEARGEZTME

B H B (ug/kg)=CxVxN/(mx1000)

K COApREEMS BRI S &, ng/mL; VR
PEBRIRR, mL; N ARG moRER A, g.
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(L) UL B o e 2 1 HR B 52 i

ERNE N 1:10 g/mL, #FAEHEN 60 min, IHFRN
150 W 14, R RI$RIGEE (30.40.50.60. 70 °C)
XI5 RPN, FASRER 3R,

(2) L& LX) F575 B R IR 1Y 52

FEIRIUEEE R 50 °C, HFEETAISY 60 min, TIER
150 W 414, 2R RERR (1:10., 1:15, 1:20, 1:25,
1:30 g/mL)X} 57 2 (R BRI E R 3 K.

(3) TN FEH | AR IR A

FEFEUREE A 50 °C, BRE R 1:10 g/mL, A [E]
60 min (AT, FEARFDIFEO0, 105, 120, 135,
150 W)X FE 75 8 H IR IR B, AR ER 3 K.

(4) B 7S IS [A) X6} 575 8 1 3R I 1 R )

TERBUREE R 50 °C, BHEEL R 1:10 g/mL, ThRR
150 W 40, HEAFRBARE(S. 10, 15,20, 25 min)
X JEH R IR I sg e, RIS E A 3 K,

2.2.8  wf L E SRR T

MR L IR S A A, BRI 3 A DRI 3R hy i i TR S 56 1

TR CEEE R, DI ARG i B HE T T4

1k, it 3 B 3 7K Box-Benhnken HO4H & 555 .
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(1) DPPH % & ()il 4

Bt 0.0010 ¢ DPPH [k, FJoK L EEHM, ERE
25mL, $#&5), BECELA .

(2) 4 C X B SR A

B % C [EK 0.0020 g, FJOK CERER, ERE
10 mL, BACELH -

(3) AT E AT ML

e 2.5, 5.0, 10.0, 15.0. 25.0 mg/mL HIEH
R, B E R 1 mL TR, HaainA
DPPH ¥ 2 mL, IRA 55 AR E 30 min, LIJIKS
FEE K 2: (R )R G Z, E0EK 517 nm 41550k
SR A DIZRIBKACR B i, B DA RIS
SEEE Ay LIJOK ZFERE DPPH iAW, ARk E
B A R Aoe FA 5B 28 1 55T B vk B
DPPH H HEEMHEERE, JFLAYEE R C /EXT I,

DPPH 7[5 %(%)=(Ao-A1 A1)/ Agx 100%

3 HZRED

31 ERRERXE

B AR5 A R R R AT e B R S e S
MIRGR W, BT RAEVINE . U J63 25 M iR B
THEAM.
3.2 FEEFIIE
32,1 AL

TE 2.00~16.0 pg/mL MIVRFETERI, fRifEfiR e R
Y=0.0122X+0.018, r*=0.9990, 77 kLM BT,
322 WEEERE

FebrE il 2 I T #E, EEWETOLE 6 1k, 1
BASR A RSD {H N 0.19%(<2%), BB ks &I,
323 ETAMER

ERIRE 6 1K, ITHESFNA RSD EHH 1.5%(<2%), Ui
B B M R AT
324 HBEHEE

SPAAE 0L 15, 30 min PE OGRS, 5D E WOGEE
6 K, HHEBF RSD -7 11.0%(>2%), i3BFE SRR
7E 30 min NERE AR 22 .

33 BERXE

331 BEAMNTERARREGYH
MESEEEARREMXLRMAE 1, /]H %

30~70 °CHEIBUERE X AN, KA EE TR E AR IE TG

B s 48 =5 (P>0.05), X 1 SR B S AN B 2, A

TE A IR Ay o L T A AT KO R R . 2 RS B 1 A

ARk, M HREURE R 50 °C.
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Fig.1 Relationship between temperature and protein extraction
from turnips (n=3)
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1:10 g/mL B, 25 [ A 3R B 35 1 o {H R TS BR B B R, 42
IORMELAAR Hh o SO BB L E A 1:15 g/mL.

12

= {\1027
FRU S
= g 691
1 ~
= — 5.l4 4,89 4.73
- A
® B
o 4]
)
0! . . .
1:10 1:15 1:20 1:25 1:30
OB/ (g/mL)

P2 RN S IR R R R DG R (n=3)
Fig.2 Relationship between the ratio of material to liquid and the
amount of protein extracted from turnips (n=3)
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Fig.3 Relationship between power and protein extraction from
turnips(n=3)
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A IS ()X e 2 PR O AR DL 4. w24
AT 10 min 5, B A ARBOERS, 2R B
NG, AR R IR ] 2 R B (P>0.05) 0 T LAASIFAY
7 I ) 52 2 10 min

LG AR REX e A L IR R R g L, R
TR BE AT F oAt 3 AR XS R A H A S . bk
PR MFERTE . RHE L 3 AR E AT R LA
3.4 Mo EAESK S
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Fig.4 Relationship between ultrasonic time and protein extraction
from turnips(n=3)

F1 BEZRKFEFE
Table 1 Factor level table

LR A B C Y/(mg/g)
1 0 0 0 10.05
2 0 0 0 10.05
3 -1 0 +1 9.82
4 0 -1 -1 11.67
5 0 -1 +1 12.82
6 0 +1 +1 11.16
7 -1 -1 0 10.34
8 0 0 0 10.05
9 0 0 0 10.05
10 +1 +1 0 18.88
11 0 +1 -1 10.78
12 -1 +1 0 8.615
13 -1 0 -1 9.71
14 0 0 0 10.05
15 +1 -1 0 19.03
16 +1 0 -1 13.54
17 +1 0 +1 19.74
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[BlE 75 R )5 22 i R LR 3, BETIRZE KA P
> 0.05, BLHIIZ 7 R SC g LA A, W] AT b R
TN B0 3 R OB RS2 o iy F{E AT A525 (A
BN TEHE SRR AR WU S R DR > BRI >
FARIRE] . AL AP X SR BUR Sl 23, C. AC. B?
XFEE SRR R R B 3, AR A R
F3 HAEAFEARESZURBER

Table 3 Test results of coefficient significance of
regression equation

WA HAMEDE FHMSS ¥WiHMS Fi P&

fig el 9 198.61 22.07 2452 0.0002
A 1 133.7 133.7 14857  <0.0001

B 1 2.45 2.45 2.72 0.1431

c 1 7.68 7.68 8.54 0.0223
AB 1 0.62 0.62 0.69 0.4339
AC 1 9.27 9.27 1030 0.0149
BC 1 0.15 0.15 0.16 0.2697
A 1 34.94 3494 3882  0.0004
B? 1 6.96 6.96 7.73 0.0273
c? 1 0.31 0.31 0.35 0.5750

343 BBEExEH R G RIE G A &S

IR AR I A T35 2 BRI BEAERHWE 5 BF
7Ro ALH, BRE LA 1:15 g/mL i, Bhsk—Emf, BB
A R B AT 25T R T R e e —

Tt

B: B[]

~1.00  —0.50 0.00 0.50 1.00
A: T

SEME, ThEGEE] 105 W, AT ASRAG AL 18 RS .

RHE AN J5 7 Z S RS HARH LA 6, 7]
DIFEH, YA EE S 10 min, BHEG— &R, &E5E
BRI DRI T R YRR L —, Tk
F) 120 W B, RAFRBCRK .

T 7 S [ AR EG X 75 22 IR R 1 28 LA FH UL IR 7
ALEL, SBAERY 105 W, BHE L —ER, FERE
Bk I A T P 2 S sl NI G M T 1 A A 14 7 i [
—5E, RHRHEE] 1:20 g/mL B, & AR BCRE E .

25 EPRR, ThERA) SRR H(C) R3S H AR FHA I &,
Y1 (A SR BT (B), BHE EL(C)45 i 8] (B) Y AH FL 5 I AN
B, 5 FaRRRIR Jy 22 M g R — 2

3.5 I0ESCIE

fEBE L S B R E Y, AR R Il 9 AR R G A
Design-Expert #{F 43 B ih, J6#5 8 O R m RIS
& 120 W, AN 6.12 min. BHEH 1:18.88 g/mL, &
H BB B TE R 20.03 mg/g. % JE B SCBRERAE A fE
I, B T R P R B AR U A R 120 W
HBFAEINE] 6 min BHE HE 1:20 g/mL, 2N TIFSCTNSE 8, 76
RERB T EAM TELZIR 3R, EELREENE 4.
AL R AR E S BUEA 22 A K, 1A
5 SBRIE OLBL G BT, FRAT IR UE T I A A R, U
U o, A TG 923 P % S R 1 ) P e R B 2
(R EVER i G R

B
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Fig.5 Interaction of power and ultrasonic time on the yield of turnip polyphenols
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Fig.6 Interaction of liquid ratio and power on the yield of turnip polyphenols
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Fig.7 Interaction of ultrasonic time and liquid ratio on the yield of turnip polyphenols

*4 EETUER
Table 4 Results of repeated experiments

WOEREEE AR AR/ (me/g) SR /(me/g) TNE/ (mg/g)

0.587 22.15
0.569 21.45 21.71 20.03

0.571 21.53

3.6 EEEARMANWTEMEANE

Yk R CHIEHEE A TN DPPH [ B KA T Bk AE F1 %t
FLE AN 8 BT o FE 75 8 F R TE 2.5~25 mg/mL W BEVE Y,
Rt R E R TR, %P DPPH  H i BE60 3 K 248 i,
MIOEFEE R E N 25 mg/mL BRSO, AHE
WEER4E A C X DPPH H 3L B AR B R0 175 PR BE
. FEHFEEATHA —E A Ee ), (Aex DPPH 1Y
WBRACR SR T4 E C MERRER .

gg —o—4fiC - JEWEA

100 i

80 es

60 =
40 S

20 §iscnn e
. e— |
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He i /(mg/g)

R %

K8 ik C 538% E A X DPPH [ H3 A5 BREE 11K (n=3)
Fig.8 DPPH free radical scavenging capacity of vitamin C and
turnip protein (n=3)
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A8 700 77 1 PPN AN [ e B 114 T35 35 1 IR A e T
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