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OB IBCEAF R (1 2 I 2R &1, I AR RN 4R 3 C
st SR 1L1- R 2- =3 F (1,1-diphenyl-2-
picrylhydrazyl radical 2,2-diphenyl-1- (2,4,6- trinitropheny)
hydrazyl, DPPH) EJHATIIE, 25K, N2
WHA — 2 RANUE R ). I IEIT R, 2K
E G ATE ARSI Y S E SN S EVEI B A ko
RAE, 1M B ZWHets N E R SER T COX-2.
mPGES-1 & TNF-a 5% mRNA [f13£iA /K. Kozlowska
EUE R B R IAE AT AP AE 9 PRIIR, TENIFT
M2 PIERIR . p-Tr SIREE . KT 2N SRR 255 A I
G RER AT TR A I E ) — R A B, HAT
P RSN, SR, Sk I TR £
7y R0 22 B RO IE 5 A1 2>

AR RN LW )5 B R A 11 0 L
T2 A 2, SR I e N AR I Z AT,
[ IS 0 22 Wy i HROCH R 22 W SR U /) AR S A 1 EA T A
5T, A SO % Chigh performance  liquid
chromatography, HPLC) XJ$&HHH 195 # 21 43 Fi 7 = 2k
TR, ST H AN TR mT A IR, 52
LSRRI TR K BRIs M 2r B R, S msiekeprin Tl
PR RMRZE G, R4 e B I

1 #MRE7A%

1.1 #R5RF
SERFER I T CRVBE RS 14.21 mg/mL, &
)% 8.39 mg/mL, A% 2.01 mg/mL) HyL A RKI MR
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A WRAR M CRIBRSE) 5 1,1- K- 2- =ikt
M, BE TR, HUM, 3.4- R, R,
LA, SRR, MR, TR, SNEUR, TR,
KHR, FTR, KR, k=80, WHE %
[ Sigma AF]; HEE (BRE4) ; JKLEE, HEMRTEE
Bk oy iral, W1 AL R R A .

1.2 UHE5EE

DL-5C RS BOHL CEd e SR 22 )
T6 Fritbad Aoy Yo vt (bR Hrm A S A R ST T A
F]) 3 LC-20AT SsGBAREE( . LC solution T-fEf .
SPD-20AT HAMGM#AE (HAR AR
2 K ik
2.1 ERPEZE. SHEIRE

PSRRI T BN TE K L s — 52 LL iR A
ETEIR KGR 2% (200 r/min) HH 42 8 — 5 IS [a] R RE i3
TR, B i 5 (RN T B OH L (EHlAE 4 °C
JEA) LA 6 000 r/min 250 20 min. _EiEWT 40 C4AF
NREAEIRGE, HAR T (=50 'C, <20 Pa) , 1HEI5E
K2 BB BT B2 A T (=50 °C, <20 Pa),
FRBNF Z BRI, T o A s I R 1 e 1 e 1
M5E o
2.2 ZEp. ZEHRENE

PSR 2 BRI 2K e 2%, TR B 4id ik i,
SR TR Ty - R 1IN 52 ST 2 0 T R P 22 B ok
1, A A2 A ol 1 2645 Hh I L T RV R R A
PR rh 2 B

Ei=CWVF /M x100% (1
X EV W2, % C I MArHE 2R A5 10 S Vs
WM RRIRIE, mg/mL; V NIRBUESAR, mL; F
NWREAEE M OPEUE TY)TE, mg.

W IR B G R E,  R A AR AR T 2
FEH T 2 Wy WGAE, AR R AR UE R [R])E  FE
THA SN R T 2 AR 2

E2=C2VF | M x100% (2)
X B, 25, Y%s C R AFRHE T Ze3RA5 1K) S i
WM R E, mg/mL.
2.3 BERRAK

Ve e AR E (300 40, 50, 60, 70, 80°C) . &
FEARFA 735 (20%- 30%- 40%-+ 50%- 60%-+ 70%- 80%) <
AR (204 40, 60 80. 100. 120 min) 3 4N Z Al
PP ARG, 28 B IR B KT SR RR I T
Z W 2N Z PRI, i A OC T 241
2.4 MR EA IR IR

R PR IR ZAREG ) FERE I, R Box-Behnken H1/Lh4H
Gk, BT =R A N TR, DUR R
WA CC) . LD EB (%)  ZEHE C (min)
NARE, REPZMEE Y, (%) MZHREY, (%)
i AR, SR A N T SR 3 AT A Design-Expert 8.0
e R I T 24 IRIG BN 2 K L3R 1.

% 1 Box-Behnken /U HSRITRIEEFIKER

Table 1 Factors and levels of Box-Behnken central composite
design
K] JKF- levels
Ffrs % Name 3 k+0 ;
A 4 Temperature/°C 50 60 70
B LTEARF 430 Ethanol concentration/% 50 60 70
C i i) Time/min 15 30 45

2.5 ZEHEEMINS BIREWIAEIMLE LIE IR
2.5.1 DPPHe i sy 2K R A8 Al se
WU T7 VA S H ] el SO, R L
AT, KRR T, 19 BEF A 2 I U R 2
PEIY,  TC A R 94 FE Ao FEE /K VWA E R R i 46 o AE
WEPIA 2.0 mL FRURE SR, A 2.0 mL 0.2
mmol/L DPPH « Jo/K SR8V, TR51, =i F L E
30 min, 7EVEK 517 nm &MEWOGME, F% FATHE AR
FESIE S DPPH » 651 (%)
DPPH -4 % = Ao—(Ax— Axo)

0

K 494 DPPH « /K LBEFH 2.0 mL+Jo/K LB
2.0 mL (W GAE ;s A, A DPPH « Jo/K ZBEWE 2.0 mL+1F
MR S 2.0 mL IR EAE s Ao 0 A DIRE 5 3
2.0 mLAJG/K LB 2.0 mL (WG AR

JNHIRIE (ICs) AE48 DPPH « FIIGHIZ Ny 50%H}
Z 0y RN 22 BRI TR FE 0L, TCso (N, LA AL AE
B RIS 3 IR, SR A
2.5.2 <OH FMfeHmz

R VES H ke 200, I B0, 5 Fe*
RATE « OH MR EE, 7EiAR W INAZK IR « OH,
FEAEH AR, ZRAEP K 510 nm A e RIIR. %
N4k ZH ¢ 8.8 mmol/L H,O, 1.0 mL. 9.0 mmol/L FeSO,
1.0 mL, 9.0 mmol/L /K- LB 1.0 mL, — €K%
FEih 1.0 mLo 0 HyO, S8 B, 37 °CJ W 30 min, LA
NIRRT, 510 nm AN e S WOE s, 5 e
FEM A S W6, L 9.0 mmol/L FeSO, 1.0 mL,
9.0 mmol/L KA IR- L WEFEWE 1.0 mL, AH N 3 B FE 5
1.0 mL 1 1.0 mL Z81/KAE A FE S A RO S o« % F 2
M« OH W (%)

onitipp = L= (d= A

x100% (3

x100% 4)

0

Ao Ao KA R RO s A s I IMNKE i U5
JEEEs Ao AR AT HyO, IRE S A IO

1Cso 7245 « OH NI A 50%I 22 [y 1 22 Bl $2 L)
VR R
2.5.3 BaEREeHnE

R 1ES % TSP 79%, 2.0 mL L
2.0mL 0.2 mol/L, pH {f 6.6 [MWFRZEH M (phosphate
buffer saline, PBS) F1 2.0 mL Jii & /3 ¥ 1%k T AL #I A W
REHAET 50 TR RN 20 min 58, FFMA
2.0 mL i 10% =5 4R (trichloroacetic acid, TCA)
W, 3 000 r/min 2.0 10 min, WHL 2.0 mL E3FH TR
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B, JEIIN 2.0 mL Z 27 KA 0.4 mL R4 0.1%
FeCly, &%), 10 min 548 700 nm A0 I GAR «
2.6 SMRHEEILESH
2.6.1 &i&H

Kromasil C18 {41 (4.6 mm*250 mm, 5 um) ; ¥
20 °C, BEFERE 20 uL, KK 280 nm; SRATUUGR &
48, Wk 0.7 mL/min. JaAH A FELIK (% 0.05% =
OB, YishAH B 2l I K FHBREEVERL: 0~25 min,
10%~22% B—25~45 min, 22%~65% B—45~53 min,
65%~50% B—53~60 min, 50%~10% B—60~70 min,
10% B.
2.6.2 ErEBRATEIRRILE

FEEFRI—E 5 14 PR EWbsittdh, 1 5.0 mL
FE AR, TSR BE 24 50 mL s, ik
AR BRIV A A T BE
2.6.3 BATRRIRE O Z AT

EI L2001 % AR VA S TRV A P S BRI, R REAYE 5.
10, 15, 20 25 uL, e o i dh A4S
2.7 HIELES%IHH

RYGHAE K Origin 8.6 HAFHEAT 0T EE, SPSS
13.0 BAFREAT 5 25 30T, 45 R LT Y50 £ v 22 R0R
W N T 115 20 BT IR A Design- Expert 8.0, 1056 24
B2 3 CTAT RIS R P-4 1E

3 HRE5HIN

3.1 BRERRWERS
3.1.1 RPFREAZRBORA TR

[t 52 LB AR 23 20 60% R[] 60 min, H%E
PRI SN Z ISR AR 05, I 1 wEl, bE
FHil T, 2R B S PR AT,
SIS, A0 ) EE A AR A0 M e, 2k
VR HOE IR, 19584585, 60 CHFZ P18 F|
S, (AREAEW ARSI N, PSRBT, he
DAL S ot vy PR A0 90 22 A R o i o i o 22T 56
TERHEEE M 50 ‘CTHE] 60 CH, Hgt ETHE%, 60 °C
Ja a8 N I%, SRR, —Rek ol
FEA R T2 R, ERiEs T AR
M, A PRHURIR E I, 1T FLAR R (L S iR 2
b b, WIS 2 By 19 56 P02 gh 5 Z Iy 5
LRI, BARREUREAE 60 CHLT, FLdls
TR UG E P e Ll 50~70 °C.
3.1.2  TEARYHAIZRER G

i e RS 60 C . RN A] 60 min, FHEE 2 AR
AV CIEA LECEVIE S ECE SN AN 20N AT (]
MR ROR I — T E L e br. W 2 FioR, B LR
PR BB N, SR AR 0 T 22 By A3 5 R 22
AR S . LSRR 40%~60% P B, 21
W ET, 60%2 JE195 EAHIREEREAR. TRk
PR, L TEAART 43 B8 )38 AT [T A4 8070 3 5 AR
MR ZRFFEE B TE. 1T 2 B 581 SRR 0 5 30%~
50%M Bt R L ETF, 50% 5 2R R TP, Ui

PEIV R ORI . 458 2 R 2 HE R e,
B QAR BAE 60%BHIT, O AR I £
WEARF A BE R R 50%~70%.

1.25 1 —— L5 Yield of polyphenols R
o —a B3 % Yield of polysaccharides 17 X
S 150t E
E /‘\"’{ 18 g
% B I S 35
gs 7 1728
&3 . 22
= L [<}
® & 200 fo W2
=

2 225 s %
2

2.50 4

30 40 50 60 70 80
ihi)% Temperature/ 'C

H: CEHARYH 60%, RAZITH 60 min.

Note: Ethanol concentration is 60%, extraction time is 60 min.
B 1 REREMNSBFSEREOTA
Fig.1 Effect of extraction temperature on yield of polyphenols
and polysaccharides

3.0 —Z1$# Yield of polyphenols

——Z Ji15 2 Yield of polysaccharides N

s "
% 2.5¢ £

5 — a5 £
= iz
£ £ 50l =2
=2 308
X ’vta ; LAS
3 15 15 =2

- =

1.0 0

20 30 40 50 60 70 80
LA B> #rEthanol concentration/%
T BAHHERE 60 T, AR ] 60 min.
Note: Extraction temperature is 60 ‘C, extraction time is 60 min.

B2 ZERRSHT S BA S BT EGI0
Fig.2 Effect of ethanol concentration on yield of polyphenols and
polysaccharides

3.1.3 R IREER TR

] e R B 60 C . LEEARFR N EL 60%, F56R 4
N ()% 22 W5 28 R0 2 Bl A e )5 . AT 3 TRl DU
15~30 min NAIEE, ZPEA2Z ETE, 30 min 52053
I T B, FrLAR B 30 min B 20 R
%, 15~30 min BB, Z8MFEME AR, 30 min
ZJG 2 BOE LS, BEACTAT . FEHUN A K4y
HOINREFE, FrCL, SAUREET A7E 30 min P, oA
BB I B )Y R R 15~45 min.

——Z 113 % Yield of polyphenols 10
2.4 F—=—Z W Yield of polysaccharides ES
B 5 3
2 22} 5
i g ;/‘\x\;/""—'}\x 23
= ® 2
£2 0] =2
2 ; WE
M o 5
< 187 o
2 6 2
> =

1.6
5

0 20 40 60 80 100 120
I %) Time/min
e BHREIE 60 C, ZEHMARINE 60%.
Note: Extraction temperature is 60 ‘C, ethanol concentration is 60%.
B3 RARE R S e AR 6 Yo
Fig.3 Effect of extraction time on yield of polyphenols and
polysaccharides
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3.2 MNECEAMUZE. ZHERRESN
3.2.1 ch R @ iRE AL R

RHE Box-Behnken iXE6 Wil R BE, 454 MR &k
B R, I E RS8R, Wk 2 s,

F2 MNERIERTRER

Table 2 Experimental result based on Box-Behnken design

mpe CEHEBUME I} 1] EZLifoES E2 EEd

P55 remperat Ethanol . Yield of Yield of

perature . me .

No 4 concentration Clmin polyphenols polysaccharides

B/% Y1/% Y2/%
1 50 50 30 1.958 6.609
2 70 50 30 1.767 6.345
3 50 70 30 2.086 7.014
4 70 70 30 1.941 7.589
5 50 60 15 1.958 6.219
6 70 60 15 1.904 7.135
7 50 60 45 1.958 6.181
8 70 60 45 1.920 6.646
9 60 50 15 1.957 6.207
10 60 70 15 2.086 7.103
11 60 50 45 1.802 6.065
12 60 70 45 2.114 7.679
13 60 60 30 2.109 7.864
14 60 60 30 2.164 8.123
15 60 60 30 2.189 7.907
16 60 60 30 2.169 8.080
17 60 60 30 2.180 8.180

1z ] Design-Expert 8.0 #Ax 3 2 156 £ 2:47 4
*ﬁ’ U\zﬁﬁ}ﬁ% Y[ (%) *Hz*fg?ﬁ:% Y2 (%) ?'Uﬂlfﬂ}i?fﬁ,

ZACIVEE PR IEES &2 BVE 2T TN VE VY cs
Y, =-5.457 40+ 0.154 324+ 0.094 9B +0.002 6C +
0.000 1248 +0.000 0274C +0.000 31BC —
0.00139.4* —0.000 85B” —0.000 39C°
Y, =-32.300 6+0.733 734+ 0.444 228 +0.187 37C +

0.002148-0.000 754C +0.0012BC —

0.006 84> —0.004 62B8* —0.003 58C°
3.2, AEARES H5EEMATE

HIH] Design-Expert 8.0 #1014 2 45 SR AT 480 fo o)

B, #3205 22 4 RNk 3 R .

x3 SMBRAEDNER
Table 3 Variance analysis of polyphenols yield

(5

(6)

A

SHiE)i

5 A0

S?ji’i Quadratic Degrees of Mean sum of F]zfﬁie P}j/aflgllxe
sum freedom square
7 Model 0.26 9 0.029 1251 0.0015
A 0.023 1 0.023 9.82 0.016 5
B 0.069 1 0.069 29.58  0.0010
c 0.001 54 1 0.001 54 0.66 0.443 2
AB 0.000 53 1 0.000 53 0.23 0.648 4
AC 0.000 064 1 0.000064  0.027  0.873 1
BC 0.008 3 1 0.008 3 3.59 0.100 0
4 0.082 1 0.082 3512 0.0006
B 0.030 1 0.030 12.96  0.008 7
lon 0.032 1 0.032 13.89  0.007 4
%% Residual 0.016 7 0.002 33
KAUIA Lack of it 0.012 3 0.004 14 423 0.098 7
4lii% % Pure error 0.003 915 4 0.000 98
SR Sum 0.28 16

SRR T (R 3) , ISR F N
12.51, PA{E} 0.0015<0.05, Uil B n 5. kil
TG, 1T H R7=0.9415, R?,=0.8662, &M 7 [t
RUFRI LA RAF, 0] LUK 22 43 R AT 20 A A F0
K. K FR¥5, 2% A B. 4> B2AI C* () P {4/
T 0.05, ULPHELREE KA I, LREAARRRUY B R ALY O
T B A)7- 07 TR 2 B A9 2R e s 3, iR 2 C (IS Ta))
FNAAE AR A 2 o 4% B0 DR 0t 22 Iy 4 R
MR IR A s SREARRRAYH (B >TRLIE (4D >R (O &

M 4 pos, ZHERFEBAN FAEN 1649, PAHEA
0.000 6<0.001, VEHIZBIARINL W% . KRAUDIH P {HA
0.056 1>0.05, A3, ifi . R*=0.9550, R’,;~0.897 I,
T WAL BRI G PR, v DAY 2R R AT b
T 4K F RS, & A4 By 4 BRI C I\ P Y
BI/NF 0.05, ULIAIXSEPR 22060 2 AR R e W2, i B
#C () M A8 HARME A B2 . SRR E 2
PR PRI AR . SIEAATUY L (B) > (4D
>R (O

F4 BEEEAESNE

Table 4 Variance analysis of polysaccharides yield

S TR A Byl P P
Source Quadratic Degrees of Mean sum of Fvalue P value
sum freedom square
17 Model 9.07 9 1.01 16.49  0.000 6
A 0.36 1 0.36 586  0.046 1
B 2.16 1 2.16 35.40  0.000 6
C 0.001 08 1 0.001 08 0.018 0.8979
AB 0.18 1 0.18 288 0.1334
AC 0.051 1 0.051 083 03919
BC 0.13 1 0.13 2.11 0.189 6
A2 1.95 1 1.95 31.87  0.000 8
B 0.90 1 0.90 14.69  0.006 4
e 2.73 1 2.73 4474 0.0003
%2 Residual 0.43 7 0.061
JAUTI Lack of fit 0.35 3 0.12 6.14  0.056 1
4l % % Pure Error ~ 0.076 4 0.019

MA Sum 9.49 16

3.2.3  vh @k

1 UL Z T A3 2 N 2 WP 5 AE D VP FR AR, T T IR R
PEFRIACATFEA—S01, PRI g W 3 1 25 B VPR FR b
(overall desirability, OD) #ATLEH Sy, M H LA
PR W, SR A A S Fabr il AT AR ALY T2
Py 75 2 1 22 WA S SRk B B Kk, SRS AL 7 R N«
DAY Yuin) Ymax—Ymin)s FeH1s Yinax F Yonin 73550 0 25 F5H5
M KA S B /ME, #HEARE T FEARE N Yoo 15 4 D,
BN 1o R2Z, FAFRIMEN Yo I, DA O F 9
B ZEII BN 0.5, MELZEAVES A : OD=(0.5D,+0.5D,).
AT B AR T 24P IR E 60.01 C, LBHAIR
3K 65.69%, 1] 30.93 min, £ 1R THMAE 2.19%,
ZHAFRTNMY 8.18%. A T 7L, BIEfmfE T 24
PR 60 'C, LEEAARE 65%, IR 31 min, £
FIERSPRE 2.19%, ZHEIFAESBRE 8.14%. £33k
IOAH S WE—2, 20 R0 L HUE = 0.04%.
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3.3 g @ﬁ?’%ﬁwaug*}s *EER% E‘]%ﬁl‘ﬁ’fﬁk;‘ﬁ'liﬁtﬁﬁ Concentration ff*gglfgég(cﬂﬁ/ljgiigg@%acts/(mgmL“)

3.3.1 DPPHe f wy sk iHFRse Al o ! 2 ; :
4 05, 2R ERELE 0.1~0.5 mg/mL . .

Y DPPH « [R5 % M. 32.63% b1 %5 93.53%, 24 2 —

SRIUY T R T 0.40~2.40 mg/mL 36 [l DPPH -« 1375 Lot “//,//

B M 18.65% L T1 2 77.97%. S HTARIT AN, FERE il — / e - omii

LI 2 BRI TR TS P, B K -2 / ot o

IR, % By IR 2 Y4 DPPH » [ (1 E T O ot o

BRI R, SRR R . X AT BAW] L L AL

SBEN: ZEWHREIN DPPH « [ 35 B 08 w1 A1 )
JRE IR A N 2 HE SR IYI6T DPPH « (&R R . E2 W)
FEEUHII TR JE 4 0.5 mg/mL i, 3 DPPH « [ 1 5&i
FrAE Dk 2] 93.53%, Wi i TAH [F) T s il JE 464~ 2
PESEEUYIXT DPPH « ) bR 26 . 22 Wy 4 U R0 220 0 B HL
Y%t DPPH « H tHEE1) 1Cso 23504 0.204 1.45 mg/mL.
o1 22 PO SRR 2% 0 8 B A B g R, DA AR B
[FIKT Z W%k DPPH « H HHJE) 1Cso 4 51.00 pg/mL.
K1) 28 2 BB O ) 3 750 4 0 SRR R R R 2 1, R
DPPH - #5468 /14 50.528 0 umol/g. 53K 4L
m%%&ﬁmw,Kﬁ%%ﬁ*%m%%%ﬁﬁﬁﬁ,ﬁ
R BE A SR 2 I T 2 A 2o & A, I H
SEFFRE AR N O R 0 23 2 Wy S5 46 o] RERE IR

EZid Ly )i erdls
Concentration of polysaccharide extracts/(mg-mL-")
1000 0.5 1.0 1.5 2.0 2.5

/5*
-

—— %*EDPPH EIGES
DPPH « scavenging ratio
of polysacchandes

—— ZWDPPH - j5FR %
DPPH - scavenging ratio

of polyphenols )

01 02 04 05
%%&Eﬂl%ﬁ HIRE

Concentration of polyphenol extracts/(mg-mL-)

A4 2ZEHRRYAe S HERERM3T DPPH « 6975 R4
Fig4 DPPH -

D o«
O (=]
T

DPPH - &%
e
O

DPPH -« scavenging ratio/%

5%
O

(=]

scavenging ratio of polyphenol extracts and
polysaccharide extracts

3.3.2  « OH & MaE A2

HE 5 iTRLEH, B3Ik 5.00~
30.00 mg/mL JE [ A« OH KGR E M 36.92% [T+ %
83.62%, ZHELFEI T EIKIELE 0.80~3.80 mg/mL i [H
P« OH I35 FRE M 13.59% T4 78.60%. L nl 41,
ZHEPEIIN « OH WG FRAE 1wt T 2 Wiy, HpiEs
FEG TR BRI, « OH FITH R I AW n . kK
F, ZPEREIUIE E SRS BR A ) BT 2 M
Yo Z P BRI 2 B U2 B 3 1Cs 23931 4 10.85.
2.38 mg/mL. AR it il Bh 2 AR R FF DRI
20, 1S 2 BB IE M FRRAE 0~1.4 mg/mL
JO R VA S P PN Bt LR B R IS i K, R KIS BR AR IA
61.37%, WAL 2 My U0 e 1 e E BR e T
RZ, VLW 20 ¥4 F R S bR A 180595 .

LA TR

Concentration of polyphenol extracts/(mg'mL-")

B5 ZEmRRMA S HERRN T « OH 8975 R 4t
Fig.5 + OH scavenging ratio of polyphenol extracts and
polysaccharide extracts

3.3.3 RBEFEmE

$E67ﬁ,kﬁﬂfmﬁk Z IR AN 22 0
FEM A S5 T HEANBTE O, i LRI R AR O R,
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Note: 1.Gallic acid; 2.Coumaric acid; 3.3,4-dihydroxybenzoic acid;
4.Benzaldehyde; 5.Catechins; 6.Chlorogenic acid; 7.Caffeic acid; 8.Syringic acid;

9.P-coumaric acid; 10.Sinapic acid; 11.Benzoic acid; 12.Rutin acid; 13.Salicylic
acid; 14.Quercetin
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Fig.7 Chromatograms of standard phenolic acids and phenolic
acids in rapeseed protein processing waste liquid
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Abstract: Rapeseed protein processing waste liquor contains a variety of natural antioxidant products, which include
polyphenol, polysaccharide, peptide, and so on. To realize the comprehensive utilization of rapeseed protein processing waste
liquor and gain high value-added products to improve the overall economy, the extraction efficiency and the antioxidant
activities of polyphenols and polysaccharides in waste liquid from production of rapeseed protein were researched in this paper.
First of all, effects of extraction temperature, ethanol concentration and extraction time on the extraction rate of polyphenols
and polysaccharides from waste liquid were investigated by single-factor experiments to acquire the appropriate ranges of
extraction parameters. Then a Box-Behnken design (BBD) was applied to evaluate the effects of extraction temperature,
ethanol concentration and extraction time on the extraction efficiency and their interactions at 3 equidistant levels. The ranges
of the 3 independent variables i.e. extraction temperature, ethanol concentration and extraction time were 50-70 ‘C, 50%-70%
and 15-45 min, respectively, which were based on the results of single-factor experiments. The result indicated that ethanol
concentration was the most significant variable, followed by extraction temperature and time according to the regression
coefficient significance of the equation and the gradient of slope in 3D (three-dimensional) response surface map. The
optimum conditions could be modified as follows: Extraction temperature of 60 ‘C, ethanol concentration of 65% and
extraction time of 31 min. Under the optimal conditions, extraction ratios of polyphenols and polysaccharides were 2.19% and
8.14%, respectively, which were well-matched with the predicated values of 2.19% and 8.18% obtained from the models. The
results revealed that the regression equations and models were reliable to predict the influences of factors on extraction ratios
of polyphenols and polysaccharides. In addition, anti-oxidative activities of polyphenols extract and polysaccharides extract in
vitro were evaluated by scavenging activity of DPPH (1,1-diphenyl-2-picrylhydrazyl radical 2,2-diphenyl-1-(2,4,6-
trinitropheny) hydrazyl) and hydroxyl radical as well as reducing power. The result showed that the DPPH radical scavenging
abilities of polyphenols extract and polysaccharides extract increased from 32.63% to 93.53% and from 18.65% to 77.97%
with the increasing of their concentrations from 0.10 to 0.50 mg/mL and from 0.40 to 2.40 mg/mL, respectively. Half
inhibitory concentrations of polyphenols extract and polysaccharides extract for scavenging DPPH were 0.20 and 1.45 mg/mL
respectively according to their regression equation. Hydroxyl radical scavenging abilities of them increased from 36.92% to
83.62% and from 13.59% to 78.60% with the increasing of their concentrations from 5.00 to 30.00 mg/mL and from 0.80 to
3.80 mg/mL, respectively. Half inhibitory concentrations of polyphenols extract and polysaccharides extract for scavenging
hydroxyl radical were 10.85 and 2.38 mg/mL respectively according to their regression equation. The reducing abilities also
increased with the increasing of the concentrations of polyphenols extract and polysaccharides extract. In contrast, reducing
ability of polyphenols extract was stronger than that of polysaccharides extract. From these results, for different free radicals,
the scavenging ability of polyphenols and polysaccharides was different, and showed a good dose-effect relationship in the
range of mass concentrations. The DPPH free radical scavenging rate and reducing ability of polyphenols extract were both
significantly higher than that of polysaccharides extract under the same mass concentration, while the polysaccharides extract
had a stronger scavenging ability to hydroxyl radical than polyphenols extract. In the end, the phenolic ingredients in samples
were analyzed by HPLC (high performance liquid chromatography). The result indicated that polyphenols extract was rich in
phenolic compounds such as cumaric acid, syringic acid, pcoumaric acid, sinapinic acid and benzoic acid. The concentration of
cumaric acid was 2.65 mg/g and that of sinapinic acid even reached 5.57 mg/g.

Keywords: extraction; processing; optimization; polyphenols; polysaccharides; antioxidant ability; rapeseed protein
processing waste liquor
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