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Abstract ; Optimum pigment extraction methods were established with response surface methodology on the basis of single-factor
experiment of liquid to material ratio, extracting temperature and extracting time. Using volume fraction of 95 % ethanol as
solvent; the concentration of product was used to evaluate final result. The results indicated that the optimum extraction
conditions were as follows: liquid to material ratio 22.4: 1 (mL: g) , extraction temperature 63 C and time 2.9 h. The research
on anti-oxidation properties showed that seabuckthorn pigments had better effects on reducing Fe’” and eliminating 2 ,2-diphenyl-
1-(2,4,6-trinitrophenyl ) hydrazyl( DPPH - ) and superoxide anion free radicals( O, + ) than butylated hydroxytoluene (BHT). As
to the scavenging of hydroxyl free radicals( +OH) , seabuckthorn pigments had a higher effect than BHT when mass concentration
was lower than 6.0 mg/L; while it had lower effect than BHT when mass concentration was higher than 6.0 mg/L.
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1.1 ##

DR, 2008 AERKCR L VE A B T AR B B AR SRS BT KT AR BT R S 3 R
(DPPH) ,Sigma /A ] ; B-H 5 N &, Fluka 23 7] 5 2,6- —FUT 36X Il (BHT) (Jo/K & B KR V482K =
IS TR N A 7= S m W | Bl S B  V2
1.2 FENEH

WFJ7200 4 A] UL 435606 B, JUJeARr ( b ) AXE A BR S |) s RE-52 Jig 4% 25 & 2% , 1 I 50 A= A A 4%
]~ ; Centrifuge 5804R %I 5.0 H1 , Eppendorf 23 H]

1.3 tREHZKLH

1.0 mg B-# 8 N ZHARMEM , 95 % LWV, EA R 100 mL, H0.01 ¢/L i) B-iH1 % b RARHER
# 0.25,0.50,1.00,2.00 F13.00 mL, 95 % A LB 2 25 mL, 450 nm &b 5 W', 2 il A o il
2, B-1HE N EFREML R TFE: Y=166.83X -0.017 1, R* =0.998 7,

1.4 DPHREBERRIEZ
95 % 15
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1.5 BEZRRARE
1.5.1 At AR (mL:g, FR) 40000 8:1,12:1,16:1,20:1 F124:1 F 60 C Ay/KE =
3.0 h, B MREE I 3 000 r/min B0 5 min, L EER 1.0 mL i BEEAZE 10 mL, T 450 nm J¥
R g HM O B R IO P 0 R B R R
1.5.2 RECGEE OB 2001, 430 CE T 40,50, 60,70 F180 C f/KiEHIRIE3.0h FHULE . &
i 5 W # H2 BUR 3 000 r/min #5000 5 min, B EVE W 1.0 mL 7 B2 45 2 10 mL, T 450 nm i K T &
HWOGREE AR b R BT
1.5.3 4REaFE WORHHE O 200 1,78 60 C /KGR, 4 57E2.0.2.5.3.0.3.5 f14.0 h J5 it .
4 58 U # 32 BUK 3 000 v/ min .0 5 min, B EEW 1.0 mL FBEE #2210 mL, T 450 nm J K 5E
FEWE O BE AR IO 8 R BT R
1.6 iR EiR I8 1% 11

HR 4% Box—Benhnken (1 H1.00 41 G 50 35 1 3, 454 50 0 R 00 25 21, 40 il B4R OB LL (X)),
PRI BE (X, ) R IR A) (X, ) /2 A A8 &, DUSR IO v B 65 38 A% Jo 5 Wk B2 AR Sy o) 7 {18 1 o) i 1] 3k
5, R K P EA WL 1,

IR
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Table 1 Factors and levels of response surface experiment

X, X, X,
K levels WORH L (Lt g) SRR I/ BB 1 /b
liquid to material ratio extraction temperature extraction time
-1 16:1 50 2.5
0 20:1 60 3.0
1 24:1 70 3.5

1.7 PHEERELEFENE

1.7.1 =Mk s FEREAGMET KKMA 2.0 mL pH {H 6.6 ) 0.2 mol/L B £k 2% wifs i |
2.0 mL 1 % 7N5UGERFREN AN 2.0 mL A [ v B2 A 0 068 2% 32 BB S BHT %53, 1R 21,50 °C 7K i 20 min,
VKB PSR HG A 2.0 mL 10 % =% 2,/ ,F 4 °C F 3000 r/min .0 10 min, 35 2.5 mL il
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AZEMK 2.5 mL ] 0.5 mL 0.1 % =56k, B S 10 min, 78 700 nm K AR 5E WG, LA K 22
B S LI o
1.7.2 Frhh kA ¥ A ¥pawih(DPPH- ) s A wm 2 ¥y i £ BHT %] 2.0 mL
1.0 x10™ mol/L DPPH- ¥ , LAJG/K Z R 2 e, 78 517 nm P K A0 P2 WG48 (A,) ([RIEF 2.0 mL
DPPH - ¥R 2.0 mL Jo7K & s (4 RO BE (B (A, ) LA K 2.0 mL A S WORT 2.0 mL JE 7K £ et 1) WO B2 {8
(A,) , 5B 1 min 5% —¥K, M4 30 min, DPPH- IERR 2 (R,) A B T =34
Ry=[1-(A,-A,)/4,] x100 %
1.7.3 ek awih (-OH) s A em 2" AT & &0, 16 M R OB i 2 B 4 &
(8.8 mmol/L H,0, 0.5 mL.9 mmol/L Fe* 0.5 mL .9 mmol/L /K% k-2 E A # 0. 5 mL) t i AAS ) ke i
F 0 8 2R BRI 2. 0 mL, JF LA JE/K S B 2 LV W, 7E 510 nm A0 52 WOGAE (A)) , JE7K S BEAR K
PR B ROG BEAA (A, TEoK SRR RE Sl VS BT RO FE AL (A ) T BTE BRI (RT) o
R'=[1-(A,-A")/A}] x100 %
1.7.4 AWM EFawA0, ) Aeal 2 B 1.0 mL 7 [F ¥ 9 v 6 2 38 OB, A
9.0 mL pH {4 8.0 [ 0. 05 mol/L 2 5 2% % ,25 °C fHE /K 15 min, BUZIR AWK 3.0 mL T L A48
T, A 45 mmol/L (4B = B ¥k 0. 1 mL JZ i 3 min, 1l %2 L AE 420 nm 4b (4 W B2 (B (A7) 5 R] B
TR IINAB R = B 5T RE S OB B (AT 5 53 AR A TE /K 1 1.0 mL 0 52 4B 2 = M 1) AU AL R B, IO B {0
S (AG) o AP TR R E AT .
R'=[1-(A%-A")/A"] x100 %
1.8 #iEaiE
W E A 3 W, $ U S R F Design Expert 6. 0 #4784 734 o

2 RS0

2.1 BEZAR

2.1.1 At N 1(a) Bos SR BGRORFEE S 20 = 1 I 38 BOAR AP 70 0 €0 3R A9 Jo o 9 8 K, 1 BBOGVRUR)
FOREEHE 200 1,

2.1.2 REGRAE WE 1() Fron, BEFE IR TEE 328 BOR Vb B 28 5 e R 2 W T 2 R BUR
JEE 2 60 °C R4 O Y0 00 3R A S v B R IR T BB U R T bRy T HOE BE AA T AR
R 5 (Ll J3E A 6 T o S T B UD TR € 3R 7R R B R 0 A, B T R IR R (0 SR R R o TR B G )
B 60 C o

2.1.3 FRIeFE QI 1(c) Bros, RBUNE D 3.0 h i ORI R G R R RO, BE A R
R[5 B S, €0 3R o B v RE MG AT T R AT BE RO SR AE 60 °C TR N ] AR S T A TR R T
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Fig.1 Effects of liquid to material ratio(a) , extraction temperature(b), extraction time(c)on pigment mass concn.

from seabuckthron
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2.2.1 vhm@ERbikit A2 R AR Box—Behnken [ .08 A B, B T 3 HZE 3 AKF I
JF TR 3 BT 56, AVRORE G (X ) (B IBCIR B (X, ) AR A ] (X5) S A AR o, DLAR BV v U0 (e R 1) R i
W AR S oA RS BT R R LR 2
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Table 2 Response surface design and test results

e X X X {4, Z i 5 € J¥ pigment mass concn. /(mg- L' )
test No. ! ? } H.521H actual value T AE predicted value

1 -1 -1 0 18.5 17.6

2 1 -1 0 25.7 27.0

3 -1 1 0 30.9 29.6

4 1 1 0 31.4 32.3

5 -1 0 -1 24.4 25.8

6 1 0 -1 31.7 30.8

7 -1 0 1 22.7 23.6

8 1 0 1 32.0 30.6

9 0 -1 -1 20.2 19.8

10 0 1 -1 31.8 31.7

11 0 -1 1 21.8 21.9

12 0 1 1 26.8 27.2

13 0 0 0 30.9 31.4

14 0 0 0 30.7 31.4

15 0 0 0 31.0 31.4

16 0 0 0 33.1 31.4

17 0 0 0 31.1 31.4

2.2.2 cap @Rk RSA MR 2 BB, A Design Expert 6.0 B4F X 3% 2 /9 &l 47
B0, WA RAAE X, X, X, 19 R 2 A AR
Y =31.36 +3.04X, +4.34X, -0.60X, -0. [1X] —-3.64X; -2.57X; -1.66X,X, +0.5X, X, - 1. 65X,X,
3 EABBFTENN

Table 3 Variance analysis of regression model

7 S o I 5 A i Y7 FAH P A HLF

variation source SS df MS F value P value significant
15 % model 347.08 9 38.56 18.55 0.0004 EE
X, 73.81 1 73.81 35.50 0.0006 EE
X, 150.51 1 150.51 72.39 0.0001 * #
X, 2.88 1 2.88 1.39 0.2772
X, X, 11.22 1 11.22 5.40 0.0531
X, X5 1.00 1 1.00 0.48 0.5103
X, X5 10. 89 1 10. 89 5.24 0.0559
XX, 5.03 1 5.03 2.42 0. 164
X, X, 55.86 1 55.86 26.87 0.0013 *
XX, 27.76 1 27.76 13.35 0.0081 ® 8
eI lack of fit 10.68 3 3.56 3.68 0.1203
iR ZE error 3.87 4 0.97
BAE 5 total variance 361.63 16

XF e (B RE R AT O7 22 00 M7, A5 R L3 3 B RLE A B2 Y (P =0.000 4) , [m] P 485 710 e i 25 KL
R* =0.959 8, UL W [A1 U9 Jy B vl LA 5 g b 45 38 4% B8 3% 15 o B L 22 ) £ L 92 06 &R, ml AR T 3% [l 09 Oy
W 2 B AR U 2045 o rh OB LU AR B BBOR 2 Xk 41 SO e b B 0 3R S A 5 e A, 4 B ()
X 4R IO Th VD B (0 R A L A B/ o O 22 A T — R X, X, R RERL S L, ORI XS XS X
HE Y S W L T B A O [ A R B — B 5 R RE T, AT LA Bl T A9 R R R, SR T O B SR 4G
X, =22.43:1,X,=63.32,X, =2.91, FH BRI SLPRERAE B AE A R V0 (8 K $2 O i i T Z AR B IE
N WORHEE O 22041 1 4R IBGEE 63 °C 4R IBU ] 2.9 h, AR AF T VDB 3 A9 B E O 33,1 mg/ L,
2.2.3 mp@RFHESH  HMHA] Design Expert 6.0 F{Fxf 3 2 Bl AT K Z o0 = 45, # 51 —
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Fig.2 Effects of interaction of different factors on pigment content from seabuckthorn

PP 2 R AL W 7 T T B A DR R B O W (L R, 25 O RS R BB B
FRAYIG I, W AT B RS o AR AR E AR, ELRRE R R . R BT 2 (a) AT DL 00 3R R
Wt 412 BBt B8 ) T v K ROk E A S o T P R DR T 25 4 R OIRORE EE AN T v 4R O A B TR R
S5 P 2 (b)) AT L, i B (0 3R 5 B ik R T — 14 4R JBCERT 14 0 FT P i B JBCRE 1] F) 32 < T 28 9 K
{E Y P B 18] 5 F 5 AR , FAE S A B T B 5 0 18T 2 (o) [RVRE T U H - 3 B 8] A9 SE 4 A Bl T 3R 1Y
FEORVE Y (ERE A — (5 €0 3R T A 32 P ] 9 S T T R T L, e B i M ] 5
2.3 ImeEnsNEENE
231 IHEFH=HskBTHEREANZT & ETHMN
S LURE 2 75 O T AR 8 b (I B L TR T A Fe' iR
JE ol Fer S, IR AT 55 ph 3 RRE R Bk
J o AR A5 A RO JEE AT LA A R A R RE 1 K
WO JE BB K, 3 B PSR Fe™ 3 S J sk . MAIET 3 7]
LA Vbt 33 Fe™ (98 S AE ) W1 8 & T BHT, i AL B %
B ALV JBE B 0, R Fe™ 1A 3 TR 3 T G 0 2 R Ak
JEHEZE 4.0 mg/L W, i J5UJ) BEA R FF AL

o 1 2 3 4 5 6 1
. ) P B R /(g - 1)
2.3.2 *DPPH-# /‘ﬂt Rfe A AF R, DPPH- %gﬁ'fﬂﬁﬁg%ﬁ —O— VPt F sea buckthorn pigment; —A—BHT

PLA 2, A2 e HE R, R sz i BoA AR A

e o S 3 dmeaEERAIERGEE
HESAELIE L S A HE SR S SR AR T L R Fig.3 Reducing ability curves of seabuck-

e HIVE o B 4 Ca) Al UL, ¥0 368 3R X DPPH - 9 3 B thorn pigment

YERI B2 T BHT, ELRE & R i 5T B R B2 A 3 00 39 B 17 1 5%

SR o CYRE S BRI EE D 6.0 mg/L B, W BRR AT 70 % o EECM I BE (1C,,) 2 4.5 mg/L, X BHT
T BRRIEARREFAE 6 % oo

2.3.3 xf -OH#ymmRae A AL -OHJE C A e i Ik 906 PR 5 A 2%, & n] DU T 400 v a9 4T ol 2 1
A RN 38 AR TEAR R A K IR , L BE AT RO #E -OH IR AR A (7 4, 1% ¥ 7 510 nm
A AL AT 5 WS, 7 7R Z oI ACELAT 1 B 2 BE 09 I ) I, i 2 S5 K A R 3 4 -OHL, T i A7 {27 )
(9 A BN o BN 4 (b) AT LU Vb 65 38 % - OHAT — 5 19 35 Bk AR FH , O HL B R it 42k vk 2 1 T
1o T BRAE RIS W B o o 7R Bt B 6.0 mg/L LUR , VR 3 2 5 [ il B B9 W BR R s T BHT, 1 &
WRE T 6.0 mg/L MFVMERE R XS -OHBIEER L T BHT,

2.3.4 0y Fmrae eyl e AROK =TRSO N AR R A A AR A A @ R O, -
e M, B AR A i A S N R PR T A 4 AR R R TV T A O -, AT 4 ) 4B R =y B AR K
WS M 4 (o) AT LA Y, VD R4 326 O, « B 1 P WIS 5 T BHT, I HL W6 % £F & i ik vk JE (19 33
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I, HAE R Oy« BRI R . YA S B E O 4.0 me/L B I BRFRIAE] T 81 % , 46 e 5 ke i o i
W, T BRI A T % ,1C50 00 2.0 mg/L

100 100+ -
. b 10or
80 80+
N I <
- 60 > F RN
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20 20
&‘ 1 1 1 1 | ;
0 0 1 2 3 4 5 6 7 ) A s
AR (g - L_l) RS B /(g + L'l)
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B4 HBEEXNDPPH- (a), -OH(b)H O, - (c) WFHRHR
Fig.4 Effect of seabuckthorn pigment on DPPH- (a), -OH(b)and O, - ( c¢)scavenging efficiency
2.4 iFig

TE 38 BB BT 36 B 18 1 LA KPR 4141 5 IE SRR B, 76 45 4 1 A IX
TN 4R B DR 3R Y i CE 2 5 i 7R 2 1 4 0 51 7 R, DA T e 8 4 A D DR 3R e 2 AR W V(L Y
DUAEL, 156 R A U, SRATHA [ U9 75 RS 2 fmp , T L REAIE 7 JL A DR 3R 18] 58 LA o A AR5 ) I Wi iz
VA AP R R SR T 2, 280 05 22 3 A S BB L S mT T, ORIE 1 a6 1) T 5 1 A o B

FIp R AT R SO T B 0 R T e R L R e P A AR R AR R R
PSR A T E , SR 2 4 AT B i SO Y R A R R Y RV O S Bk
TSI WEFEEE R R, VR R R A TR BEELAF 1915 1 ol S SO, P U D 8 48 3 4 DPPH -
F1O, - B3 BRAE T2 5 T BHT; PR 34 - OHYE BRAE I W FE O 45 R b, 7 UM 6.0 mg/L AT,
PBRE XS -OHMY I BR A% T BHT, M7E¥K B2 T 6. 0 mg/L i S A% T BHT, AT G 2 X O 76 % i vk
S, ViR €0 3 4P 2 T KA R T AR B - O, 3 BR AR AR, ey Jo 2 2 I 0 B 3% A /K A 1 P I 4 42
2 SR ] S

3 45k
3.1 AR A DR R LA K 7 T a0 4 A R W T U R AR I B A AR SR IBORCRE L O 22,401
(mL:g) FEBOREE 63 C FEHCHFE] 2.9 h, 0t 55 T VDl 64 3 A T vk 2 o 33. 1 mg/ L,

3.2 VhREER AP A AL TG PRI A 5 R SR T U IR R R = AN R B T A58 IR RE ) ek TR S e RO
FI 5 (DPPH - ) FUE S B & 7 A th 56 (0, - ) BT BRVE W] s T 2,6 - U T x5 F iy (BHT) 5 7E 5
R E /N T 6.0 mg/LiF, Vb 5 3R X 2 L A oy AR (-OH) MY B & T BHT, M 76 T & W 2 KT
6.0 mg/L BHKF BHT,

5% 30k
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