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RO BC ] YRR 105°C TR B RN R EHRINER
1.06 mg, BF 25 mL A&, M L B0 2B ¢

FPERER =80 mL : 4.0 QMR 125, E R RERH R
Wo B 2.5 mL EAZE 25 mL AEMF )G, 5%
BN 0.0.0.5.1.0.1.5.2.0.2.5.3.0 mL 43 BB F 1~
75 25 mL AEMEH, HRBUS R EARF. tnfETIE
HIZER2H L1 5 25 mL ARBIRPHBFI NS, 7
200~780 nm YK 78 FEl 3 X b b D0 RRE 4 4 B AR
BRI SR UV-2550 %12 4h-1] A6 6 BT,
PEHL 1 cm o I, ZE SRR K A A Bl E 1~7 5
REFRBETHMWOLE . URFEHRMWEE (mg/L)H
X5, OB EE R Y Szl R EH RN 2 TEML. &
LA EEA PR B I TH F AR Ui 4 5 #8 : y=0. 17262 —
0.0017, XH,x HIEFH TWE, B4 mg/L,y A530 nm
ARG, RE=0.9999(F 1, #EEHSRITAE TR
3 ARYE R ZE 35 R TAE M2 il BT s i 088, /b
TR AR R T A R R S G S AR it
EmFF AN Y=0.1726X —0.0017, H X R B H
R'=0.9999, N, EFHHEBITEFIBENN . HEHEE
X=(+0.0017)/0. 1726, X H, X HIEF T MW FEH
WE AR EHRID AL mg/L;Y 67 IR )
JCEME . MEFRSEL 1 ml 765 FORLIR T 32 BUGH 7 B
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Fig.1 Cornflower standard curve
L2.3 REBUGAMMESE HHFEREAMTRE, W
WA RRME 2 B g SRR . FE T AT AR S & A5 n 79 4
FH S ARV PR 5 F) JEORE , DRI B o AT AR R R T
B, AEMER 5001 LB 4 34 20 mL, 4K
WINAFT B R (B 5 8)0.5.1.0,1.5.2.0 g, BEAI 15 .
HERRPRI 4 (Bt S H & 5 2, BV VE TR A4
AN DT 484, 397 60°C T TEIRL/K ¥ 1B i 42 B
3 h, SRR . 2RV 1 L, AR 10 £, T E R

] LI ER P 2 B R IR B A .,
L2.4 SBHBEAEFRERNZEAE RR—cf&%
H s LARR M 2 W R 3R B (50 % Z % = #p AR =80 ¢
4.0 mL ¢ @) , P BEIEHOR B BREUAT 0] | 2 Bk BE ORHR
4 MRA R, S HITE 4 DARIZKENE LT 7B %R,
R AR RIS RE R — PR R, B
1R ERRRBURT 2 H 15 4 1045 5 2, VIRE A 5 B
FEEFEHR A, 230 0 A B AR T B 4T 4 R 1 2 B 4R BU
40 mL, ¥4, ZE RV L A 1 ¢ 8 g/mL, 48 HUHT [|] 24
30 min, 5B 1R BB 4 :40.50,60.70.80°C 44, K
BRI L TR AT T WER, BRAREIUR
FEXATH SR, R EHEAT TR
B2 MR AR BORT B X H O 4 45 5 g TR BB A
5ANES OHETE A, 4 A In A bR B B 47 9 R M 2 B
PEHOK 40 mL, 385) , ZERRE L 1 ¢ 8 g/mL, R BUREE
> 60°C JI& BB | B8 B 1. 00,2. 00,3. 00,4. 00,5.00 h
BT K B AR B O, T BT AR, %
AR R XS A H TSR, £ B B 5%
HETET T 8 B3 R AR BORT £ 55 H 85 4 4%
5 g UITE A 5 AN DT, 2l A b3 e B 47
IR PE Z B3R B 40 mL, 24, E BRI Ll 1 ¢
8 g/mL,EBUREE Ky 60°C i B Bk B H:50%
60%6.70%.80%6 .90 % I 54T , K ¥ [ % 2 B 5 o0 5 1
BUHFHMER, ZEAFRCEREX T FRRY
M, B L X 28 H TR T R A R e - U AR BB
fif S H R 4 045 5 g, UIRE e A 5 MBS TR, 4331
A _FIRECE 4 FR T Z B UK 40 mL, 85, Z Bk
J&E 60%,50°C K ¥R 4R, R BT 8] A7 40 min, BHE L B
BWEHN1:2.1:4.1:6,1:8,1:10 g/mL, /KM FHIE
B L ITEATERNE R, ZEARYBILT T T
R,
1.2.5 WS MR4E Box-Benhnken 7 ff) Ho
DA R, R 4 IR 3 2K e o7 i 1 49+
Mrids, PR 2, BE vk B L B B [ 3R BRUUEL B RLR L o
AR HNLA 21 2o s RN, LA 1.0.—1 43548
R4 B PR, IR R W15 3 i b (8, AR 55
15 43 B8 2 BT O AR B T2 4. il 7 T K 565 2
KT S5mi%ILE 1.

*1 M Rz i 06 B R K R 4R AD

Table 1 The response surface experiment factors level and coding

4
i | 7H25§ﬁ6% 1
A ZEEREE/ % 50 60 70
Bi_EUREE/C 50 60 70
C Rt 6 8 10
D $2 5T/ h 2 3 4
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L2.6 PEAMAMERE ATHEAEMEHBEEETHFMN
PrAEALTEME i Pt E LRI R 4> E B IR ERR
« OH.O, FfEHE s 3 MR K. DIgEH KR
HEHRERRTZEASHRBE SN EH BAT TR
BUBAE NI EALTE R AR . F Fenton & 4k 351
FETERR « OH iRm0t , 4528 =Wy | 48 Ak 32 I 52 785
O, KR IN™, B 4H 45 A 9 v U 8 R 0 A8 Ak 7 4 ik
1, Fenton A fLiLTE R « OH k5. 24 OH™ H R4
B 1 X REREF I AZEEERT - OH HH 3,
Frig#lR - OH R&F — i Fiomik = miE R A
BRBEAEMLT WG NN TR RE 1 AT, &
AR AT 5 R AN FIRE R B A2 9 K 4 1 3 84k T
IWEYIREMFE R LRA Y. EHELTHFTL
5 Fenton WA 1) « OH &4 N , BT AR 4 25 H ik
WHE X « OH G RRZR AT Ll & 5 H e F 1
Pk tE. BH 40 pg/mL FET LT, 0. 95 mmol/L 3 i
EDTA-Fe(ID),0. 15 mol/L pH 7. 4 [IBEERZE vk, 3 % 37
# H,O, % 1.0 mL B F 37°CHEE KB IR, FmA
0.5 mL ¥ HEAFFRIUK (G HAB N 0.5 mL 7
7K, X RRZA L 1.5 mL Z&84BK A8 H O, AL H 1
FHARIUA) 30 min J§ F 520 nm 4 40 %€ 5 R K
W HAE AGRIEHBOBETE R A5 HAWIEEIEHN A,
X HRAA MO EEIC T Ay) . S H AT T IREURE E T
5 VR BERRBE £ VR BE A BE AT 3 IR B AE 7
. - OH R RITEAKX™ K. - OH & &
ROOD=QA—A)/(A—A;) X100%, 487K =8 H &
LB O R . A0 FEZRE— B TRERESGH
K- ERAE F:0,te >0, . O ZEHETF,
N E AL, B R A S A T 2E M AR R 1S IR
wAEYERRN O 8B4 R AT BUEAL RGPk FEE T
HEE LIS bR . R = B A BT 2N A TR
BB B 2 ATk HP B R AR B S RS BR O R 4L
AABE VR, AR2R = B A b vl e =R N R AR
O, , HE& &g UV-A] LA YR k17 2 R0,
X pH KT 9.0 B, &P 2R = A R RS O Mk E
SIEAESE, T AT LR AR 2R = 3 A bk sk O
e BE T [l B EA 20 B IS A H L AR TE Y . &
A 10 mL AR LA A 0.5 mL 788K ,4.5 mL
pH 8.2 f#) 50 mmol/L Tris-HCl 28 W ¥ , 18215 F 25°C
TER 20 min, FEAEEEAHINIA 10 LL FRE LK =B
VAW (B 45 mmol/L 487 =% F 10 mmol/L HCl 75
F,F 420 nm K FERE 30 s WELHE =8 5 E 1L
W A8 ,3 min 5N 1 44 R CIRS,5 min J5 R
K TMEWIEE A, BB AR = A E AL %, K4k
AR CHAEH BT T IRBOR (G AR B KK
16 B P 43 AN AO W5 B R EAE Ay, 2SS HA R BT
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WA Ay o SFATIIE 3 W, WG A BOFE. i
235 [N R s U] A ZR AR KRB SR K =W, 1R &) Je iR B A
420 nm P TFIMETRA AW IGE . TR 5 AR
S5 BOZRNB K 3 Ry S [R) ¥ BE A AE 5 Y B A R i A
RS G AR =T B BALRE 7, TR BHORE S IR W s B
SR FUBREE BB WA F T . O WHRERITAELA
LT 5B OF BBREROO=[ A — (A —A)]/
Ay X100% ., BHHZE S YN E B AT ERE. &
#r Mo(VD) 7] LA 4 LA 1 & Akt 2 9 9 5 3 R Ol i A0
Mo(V) WG 48 A1, A I FE 695 nm I K AL B
KW, HA: R a4 AR B 5P R Mt E etk 2
EH. 8T AR 4 A Yk S H S T AR
PLETE M. B 4.0 mL B4 K5 CF 0. 6 mol/L ¥k
FRYA T 28 mmol/ L BEEREAFN 4 mmol/ L AR EL VS MR H BP
ADF 10 mL FEe@E ML, FEANA 0.4 mL S H KT i
BT (5 Ao B A6 BB, 402K W 338 184 14 TP 43 31 im A 95°C
A HER 90 min /5 F 695 nm K T Wl E WG {E
AP AR EESEATIN 3 UK, ORI BCF 44

2 HRE5SW

2.1 EBBEFINHE

FAEFRE 50 %1 B 4 4345 20 mL 4K AR
BERR (A5 48)0.5.1.0.1.5.2.0 g, PE4) R . MERAFREL
4 rE R H A 5 g BVEVE AT A 4 N B O
#5978 60°C FAEIE/K S R HRE 3 h, i ug 4R
BOK . 4> HIEBUEM 1 mL, #5810 £iF, AR [F LL BIRR Y 2,
FEAR UL E H R,

2 2 WA, Bl AT A TR TR R A 3 I, 75 3R % 8 T
F.7E L0 g ISR . (HREE A5 IR IR B i 4k st i
AR T M. EREZBEPHERSKRE N
50 %K) LEERIELBI N 12 20 g/mL,

x2 iSRS Z B GIRTE

Table 2 The determination of citric acid and ethanol proportion

LS ZEEME  RBURE REGTE AR 2@ LS R

/g /% /C /h /(g+mL~1) /A

5 50 60 3 0.5 20 0. 44473
5 50 60 3 1.0 20 0. 61292
5 50 60 3 1.5 20 0. 55638
5 50 60 3 2.0: 20 0. 52267

2.2 BRHFRBERS T

2.2.1 EUREXMEHETRFEMEMN B 15,k
FIRE BT, SR BCR BB T8, 78 60°C i 2 L
Kb, [AMEERE KT R, PR T, 1]
BRI REEERENZH A & A FHRE T 2%
e, R AR BOR FH Ry (ELIEL B o W & S B 5 1 1 F%
fiff s ELHE A 7w T o YL B K 4R v 2R 7R LA, BT LA S
60°C N EAEIR BUR B .

2.2.2 RBUSRXETHESRGEW  hE 2 T
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Fig. 1 The influence of extraction temperature on

anthocyanins extraction effect
3..00 h B 75 S8 5 ey , B & BT ) ) 38 0, 15 30 2 T AR
AJRERRTE 3. 00 h LARTI (a3 4, 7B H A #7784 42
B, IZE 3. 00 h 5 Bl & B 1) f) 38 n 4558 T [, < B[R] 19
FRIUIN T BT H R AL A8 A 2R, B LA A€ 3. 00 h
o B AR U ]

EEHHR/ (mgg)
S
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SR E)/h
2 REEEXESFRNENZM
Fig. 2 The influence of extraction time on

anthocyanins extraction effect

2.2.3 CEERWREXMEFHERAEN A 3 T,
& CER BT AR BT R AR 00 AR R R
B2 2y B TR ARSI iy A9 R LI T B AT RERBER
SR FE R B R, — SE By A 2 | R I R B8R F) AL 20 T
X8> 5 RAEE RS R O BELs & T 2R
BURFEAR, HLATREVRBE Ry 7090 2 BE5 1675 284 e b
FEOE AR EER . BT LABASE 7000 it L BEWREE
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Fig. 3 The influence of ethanol concentration on

anthocyanins extraction effect
2.2.4 RHECIAEF HERNEN  mE 4 5, MEE
YORHLL RO 3G 0, A8 B W g . SR TA R, S BUE

FRTR B » 2 7™ A 32 15 T L 2 38 Jon e 4 0 2B AL XE
BrUARE 1+ 8 g/ mL iRAERIRLL.
2.3 WRRLTE AL TET H R

LA 56 H B R HIRIBGIUR A M i) L v T (42
HIRLEE R B AN 4R HBUA ] 4 A PR 2R #E AT W 7 T K
M SO T Sk 6 8 el P 2R K 5 A e it LR 1.
2.3.1 WREIREE R KT TR RIS L AR
H9ZEA L R F Box-Benhnken Wi R [ 325 1 79 P 38 =7KF
W T 58, 2 — . e 7 T T R KR
*2,

HHFTHR (mg-g")
E

1:2 1:4 1:6 1:8 1:10
FHEEL/(g-mL)
B4 BRI LB FRNERHR M
Fig. 4 The influence of material to solvent on

anthocyanins extraction effect

®3 MWEEREATREERNESR

Table 3  Response surface experiment scheme and results
a5 ARBUREE B ZEEHKEE CHhgitt  DREEE  EHHAER
No. /C /% /(g+mL™1) /h /(mg+ g™1)
1 50 50 8 3 76. 1164
2 70 50 8 3 92. 7037
3 50 70 8 3 65. 0240
4 70 70 8 3 78. 7730
5 60 60 6 2 85. 0216
6 60 60 10 2 90. 1843
7 60 60 6 4 99. 0410
8 60 60 10 4 104. 923
9 50 60 8 2 69. 6174
10 70 60 8 2 84. 7817
11 50 60 8 4 85. 6377
12 70 60 8 4 99. 4944
13 60 50 6 3 90. 9177
14 60 70 6 3 76. 2914
15 60 50 10 3 95. 2206
16 60 70 10 3 84. 2017
17 50 60 6 3 84. 1496
18 70 60 6 3 95. 0280
19 50 60 10 3 86. 5507
20 70 60 10 3 103. 7470
21 60 50 8 2 76. 9884
22 60 70 8 2 68. 8416
23 60 50 8 4 94. 7641
24 60 70 8 4 77.7795
25 60 60 8 3 105. 3110
26 60 60 8 3 105. 3110
27 60 60 8 3 105. 3110
28 60 60 8 3 105. 3110
29 60 60 8 3 105. 3110
131
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2.3.2 W HEECAERIEY 5 B E MY Design
Expert 8. 0. 6 Geit-4r M5t 2 3w iz v i 56 15 21 1Y
RIGEHE ST R 23 B F A DS H 35 R BOR
S A HE L AEL kW o7 A, DA SR BRI (A) L L BEVR B (B)
BHE L (O B E] (D) i B AR &, @S R AR AT -
Y=105.31+7. 20 X A—6. 32 X B-+2. 86 X C+7.18 X D—
0. 71X AXB+1. 58 X AX C—0. 33 X AX D+0. 90 X BX
C—2.21 X BXD+0.18 X C X D—11. 03 X A* —16. 53 X
B —1.82XC—9.10 X D, 1 [|] )5 75 F215 3] ) % 2 48
R T R BB AR MR NE 4. ERBEEN

x4 HEBREPHAHBEMKRIERER

Table 4 Model and regression coefficient significance test and results

BRRW VM ABRE HJ5 F{E P>F  B¥H
BB Mode 4 286.46 14 306.18  854.53  <C0.0001  * *x

A 637.03 1 637.03  1777.96  <C0.0001
B 478. 80 1 478.80  1336.33  <C0.0001
C 98. 49 1 98. 49 274.88  <C0.0001
D 619. 27 1 619.27  1728.38 <C0.0001
AB 2.01 1 2.01 5. 62 0. 0326
AC 9.98 1 9.98 27. 85 0. 0001
AD 0. 43 1 0. 43 1.19 0. 2932
BC 3.25 1 3.25 9.08 0. 0093
BD 19.53 1 19.53 54.50  <C0.0001
CD 0.13 1 0.13 0. 36 0.5575
A2 788.79 1 788.79 220150  <C0.0001
B 1771.88 1 1771.88 4 945.30  <C0.0001
oz 21.51 1 21. 51 60.02  <C0.0001
D2 536. 69 1 536.69  1497.89  <C0.0001
®E 5.02 14 0. 36
ES R 5.02 10 0.50
#HixHR % 0. 000 4 0. 000
B 4 291.47 28

1 R2 =0. 9988 ; Rogy =0. 9977 ; Rbrea =0. 9933; CV¥% =0. 67, * % 53 i % (P<
0.05); % * ZFFEBE(P<0.0D);* * * ZFH B (P<0. 000D,

HHAR/(mgg")

B: ZBERE /%

50.00 55.00 60.00 65.00 70.00
ASRHGREE/C

BEAY [ “ P> F”{H<0. 0001, B % — Rk 2 i = [l )3 7 #2
FERURE] T 4% 8 2 KT, RA RS W SEN E R
B R =99. 88%% , R B I E 5 190 0 {1 s B AH € , RPAH 7
HMAEILA 99.88% %k B F ATk 48 &; R4 5 R 5
CV%=0. 67, KF 0.05, HA A 8.2, 50 LR E S
A TRME A B A M BLA B s i F AR, 4 AN R X
LB AR K/ NITURE A - DGRBS []) > A (BREBGER B >
B(ZEEW B >CORRB EL) « &5 Bk , 356 B 2 57 1 5L
0] YA R FLA B W, AT AU A R I 4% DR 2R 55 e 7
I ELRR . FL, 7T LARIZ B BRI 4 H i 1
HHRR T L5410
2.3.3 HNRZTHAEHKEH KA TRREIERE
W =k 2 5 R 2 S H T TR
WMTZRSHECHRE 63.98°C, LEEHRE 57.97% , BHl
H1:9.86 g/mL,$&HUAT[E] 3. 42 h, L HH R EILHE R
7 110. 243 mg/g. A LERERIE, DUBIE )G 3R B 14
(RBUREE 64°C, ZBEHRE 58 %0 RHB L 1 ¢ 10 g/ mL, $2HL
i) 3.4 AT S H W F IR BV IE R, P47 5
4,15 2L F T35 % 109. 873 mg/g,RSD<5%, 5
PRSAE RO R IR 25 0. 34% . Wi 17 1A AE % Sz ke 1 BA PR
F A A FH X Wi IO (L B4 B R i S /N e T 7R o
B AR R RS AR (B R A i 3 . R 3 P “P>F IR
A DA ;9 22 700 =X, (8] 3 D R o 4% A B of i o (L 1)
H M, & IR A — IR ALB.C.D B B &Y — Ik
WA B .C D’ DK BD 2 B ER, AT H AC,
BC BE B BE K, AB S 831, 158 4% B R 28 X6 0 Jf
BEAREREMEM LR, RIFABX A EmH, &5
P 232 B 4E Fl (AB,AC, AD.BC.BD.CD) i %5 & 24k &
Wi S T Pl L] 5~10,,

HFHHHE/(mgg")

5500
50.00°50.00

B: R /% ASRBUREE/C

5 REBREMZERENEEEGENSESRRERA

Fig. 5 Extracting temperature and ethanol concentration of the yield of purple yam anthocyanins from

contour and response surface figure
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Fig. 6 Extracting temperature and material liquid ratio on the yield of purple yam anthocyanins from
contour and response surface figure
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. ~65.00
. /00
50.00 55.00 60.00 65.00 70.00 . 250 \\/ 55.00 N
ARG/ C D : 2B E)/h 2005000 ASRBUELEE/C
7 RIEBEEMRIRENESEEENERERERT
Fig. 7 Extracting temperature and extraction time on the yield of purple yam anthocyanins from
contour and response surface figure
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Fig. 8 Ethanol concentration and material liquid ratio on the yield of purple yam anthocyanins from

C:EHA L/ (g'mL™) 600 5000 B: ZBEHR /%

contour and response surface figure
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Fig. 9 Ethanol concentration and extraction time on the yield of purple yam anthocyanins from

contour and response surface figure
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Fig. 10 Extraction temperature and ethanol concentration on the yield of purple yam anthocyanins from

contour and response surface figure
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Fig. 11 The ¢ OH removal effect of purple cabbage anthocyanins
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Fig. 12 The O; removal effect of purple cabbage anthocyanins
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Fig. 13 The total antioxidant activity of purple cabbage

anthocyanins and vitamin C
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Study on Purple Cabbage Anthocyanins Extraction Process and Oxidation Resistance

DANG Ya'?**,LIU Shui-ying
(1. College of Biological Science and Engineering,Shaanxi University of Technology , Hanzhong, Shannxi 723000;2. Qinba Blueberry Institute,
Shaanxi University of Technology , Hanzhong, Shannxi 7230003 3. Shaanxi Key Laboratory of Bio-Resource, Hanzhong, Shannxi 7230003 4. Black
Organic Food Engineering Technology Research Center in Shaanxi Province, Hanzhong,Shannxi 723000)

Abstract: Taking fresh purple cabbage as raw material, in the extraction temperature, extraction time, ethanol

concentration, ratio of solid-liquid,four factors on the basis of single factor experiment,using the response surface method

of purple cabbage anthocyanins of study on the optimized extraction process were studied. The results showed that the
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influence of four factors on the response value size order as follows:D(extraction time) >A(extraction temperature) >B

(ethanol concentration) > C (solid-liquid ratio); purple cabbage anthocyanins extraction of optimum technological

conditions for extracting temperature were 64°C ,extracting time 3. 4 hours,ethanol concentration 58% , solid-liquid ratio

1: 10 g/mL. Under the optimum extraction conditions,the average yield of anthocyanins 109. 873 mg/g,RSD<5% and

the theoretical value (110. 243 mg/g) of the relative error was 0. 34%. purple cabbage anthocyanins oxidation resistance

test research showed that the purple cabbage anthocyanins had good removal effects to + OH and O, ,and in the certain

concentration range of the two kinds of active free radical clearance rate and the concentration of the purple cabbage

anthocyanins were positively correlated. Total antioxidant activity test results showed that when the concentration of the

purple cabbage anthocyanins and vitamin C phase at the same time, their respective total antioxidant activity had the same

change trend, there were no significant differences.

Keywords : purple cabbage;anthocyanins;extraction process;anti-oxidation
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