I VRN 2T 21
Science and Technology of Food Industry
FORAEE # i T 201k

KBRS, M AEE, GEX, T R OB
(maAE R FHY S THEAA T ZERE, W) 4\ 621010)

TEHM

W EATRHAKCEHERRERGEAZORE, LEBILEF LZBMR CRARS K IR ARt B R
REGR pH aF R HFERRGG Y, A BT E KRB AL LT ERRGZE T L 50, 2R AV 3RBUR pH
S ZAREFZORBEPARKR, R A RZ, RERREAML LEBARSH A 80% , 32 BUH 8] % 60 min, 32 BUS &
A 45 C,#R A 1:7 (gml) , BIE pH A L RAZEHALLYL, ZR G RRIEMHILFT E4F Tk 3434 pg/ml,
RARRBORK A 3 Kk, L6 F EAnst SRR F A 5] 99.29% , 13 & 4 29823 wg/g, AT LW A LA KRG EFE
F AT R AR A 4, A BRI F F 00 = LK RRBEAR ZLE

KER:ZR LFZ RRLE AL, T8

Optimization of Ethanol Extracting Process of
Anthocyanin from Black Rice
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Abstract: In order to improve the yield of anthocyanin of black rice by the method basing on anhydrous ethanol as solvent, its
effect was investigated by comparing the yield of anthocyanin of black rice influenced on different exiracting factors. Single
factor experiment design was used to research the effect of ethanol volume fraction, extracting time, ratio of solid — liquid,
temperature and pH of extracting solution on anthocyanin extracting of black rice. The optimum condition of anthocyanin
extracting from black rice was determined by orthogonal experiment design.Results showed that extracting rate of anthocyanin of
black rice was mainly influenced by extracting pH , the following being extracting time.The optimum extracting condition was as
follows : Ethanol volume fraction 80% as the extracting agent,60 min of extracting time , extracting temperature at 45 °C ,ratio of
solid-liquid at 1: 7 (g: mL) and extracting pH1.0.The content of anthocyanin of black rice in extracting solution arrived at
34.34 wg/mL if using the process. The optimum extraction times was three, and having 99.29% of total extraction ratio and
298.23 pg/g of yield.The process would support commercial development of anthocyanin extracting from black rice and in favor
of industrialization of anthocyanin of black rice.
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T RNTZ AN T LB GEE H o 225, R Bk
AETF I AR T 2 I B 0 (e g AR s
T ik B PR 28 S UG RN IE AT IR I A5 Y SRR AR T R B4R
A D BB 25— K — SRR R B EL 2y 501 50: 0.5,
IR 50 °C B A 1:10 (g mL) |, $2HUE] 1 b,
FREORHCH 3 1K s Bae 251 HIFGT B AE T IR EAY I
T2 IEINA, L BEART % 50.78% F1 1 N HCI
(0.60 mL) FHIG= 1) o 2% 424 -3 — i A BT & ik fiE
IRFE] 624.27 mg, ZZFE FHH A 2 925 A IE AL
RIS B AR I T2 2B AR B 5 50% |, 5 e
B2 50 H L, RN LE 125, 32 20 (6] 30 min, 35 2
80 °C, %24 pH 2y 3543148 il it o [N ZFNE S i 55
B SEKAETT Z AR A R - S BT E] 100 min  $:
HCHLEE 40 °C RFE L 1: 8 \pH3.2 3 S 4545 Fi) 2% Hit
PX K AL T R T AT IE S, 15 B B AR A
& DL IG K 0 W Sy AR BOR), R B 10 8, FE AT ]
60 min, Jf 8 80 °C ., FYLLGAE 18 L G HR s 2% S i
Sy JEURE | 205 R B R B T 2 S b 2 B,
SRR S B s 16 T PR BCR S I i R A
o IRHTTAAE LS RE S JEORE L 2 B $ G R 19 46
RIS P, S 3 O B 2 5 i 4L 7 R AR R
i B R R N EREERA, KM AR TS
SMATAE RS

AETF ZAE ] UL X 8 B 5 I 1 AL % K A 500 ~
550 nm Y SRR A0S F 4 B K AR T R RO
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I AR VAR TR R | BRI R L | BT ] R i B
W pH LIS EEAL R E T 20, S Bk AL T iy Tolk
A P AR AR S
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—ERFR 2, P B —E pH, B O B L
BT kK L, fE—ERE N iR —enthnfE,
4000 r/min B> 15 min, B FE R B EH E
100 mL, ¥ 530 nm ¥ T W 65 OD B, $H
1 W HEE 3 K,
1.2.1.1 BRSBTS ES2ENEmR 455
HU5 05 1 g SRR A BEAR H, 18 52 A W Eb (O i A
FUEE) S 1:10 (g mL) , $REUAT[E] 2 120 min, $2 B
BEh 30 °C L& HGME pH 2 2, 43 5 A 75% .80%
85% 90% .95% [ JC/K LB, #F 11 F 10 B FL 5 By
1ERATZRK 17U )5 ,4000 v/ min &0 15 min, B
W B EZE 2 100 mL, 7E 530 nm BRI & W26
BB ek LB
1212 {EEAFRIXT A E E SR m 5505
03 1 g BRI AL P, [E 2 $2BUEEE R 30 °C L, 42
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#3360 .80 .100 . 120 140 min 5 ,4000 r/min
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PR TS I R S R B RE e R BRI ]
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90% ¥l bk 1:7 (1: 8 .1:9 1:10 . 1: 11 435 hn A B
T 2B, AR 1D FH 3 0 BRFL BB kK 428 %, 32
W5 2 B 18] J5 ,4000 v/min 2.0 15 min, B 75 W& F
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T 5E Fe AR o
1.2.1.4 REGREX AT ZSERmE SralEes 4
1 g BRI A LR, [EE P BOR pH o 2, Z AR
SyHCHR 90% R EL (B s AR FR EL) S 1: 10 (g mL),
PEEURE] A7 120 min, A8 71 FH 30 01 BEFL S B 1R 7K 5378
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WL RE A 8] )5 ,4000 r/min &0 15 min, B 375 W R
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5 B AR SR BURE .
1.2.1.5 #2BUK pH MHEFT RSB 53 0H S
031 g KRB A B i, [ 58 & B AR R 43 50 R
90% , BHE Lk (B AR ) S 1:10 (g mL) , $EHAT
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SHABREE M 1~3 %5 11 & 0 L E BT 1k K 53 28 %, 12
LI R B 8] 5 ,4000 r/min .0 15 min, B 35 WO
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NN X NS S A TR I
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Table 1  Orthogonal test factors and levels of
extracting process for black rice anthocyanin
SES
A \ - ;
7S /@f Bt CROL DA
N AT . ) E pH
(min)  (grmL)  (°C)

(%)
1 80 60 1:7 45 1
2 85 80 1:8 50 1.5
3 90 100 1:9 55 2
4 95 120 1:10 60 2.5

> AN—FREL N R (BIRE) 16H G RE SR,

M A o B 3R R S A R R B R 2 vk 1 U FE
BARAS R P LT ) A A
124 HHFRGSEMGRQME  Pedro 55 F1 He
2 PRI E BAOK B 7T 2R HR BIURN B 2 P I, 2 B B ok
H Y TR AR T B PSR S A -3 - A AR, Bk,
VLIS G235 -3 — A A HE T b v i sl A v i 2. BRER
10 mg R 4225 -3 - WA HE AR HESIE T pH B2 9L
VAW, EASZE 10 mL SRR, FE-BC e B 4 ) A
10.20 .30 .40 .50 wg/mL (4 RYNPRHEW , FH O 6GOGEE
TN WO BE o DA AR 7 215 —3 — i 20 W T Ve I Sy A Al
b, AL SR S Ak b, il bn R 28, 158 4
B -3 - R AR U B O A AR R RO SN DA A Y A
HEMNZR D7 2 AR PR i 7 B T R W) 25 T W AE T

FEBMWAET RO E T (pg) = (FRBURMAT x &
WSO MAETT 32 & it < 67T AN SR HCER) /1
URAETT FEAHXT R BCR

EHRGE(ng/e) = (RIIIEHE R S EHm/
AhEE ) = (BREUR AN < B RIZBEUR LT E & i
X AT R AR B AR B ) /(1 IRAE T 3R AHXT 1 B
x FEAE D)
1.3 HEST

AT R BAF(v3.4.1) 19 Im () BREGHELT
BRI, A, anova () BRECIEAT 7 22 50015 Fo e 8048 1)
SFTAIAL B Excel 2010 #£47 .
2 HZRE5HH
21 #HEZHREXRRENZE
211 ZEABUNEIET ZEmagm HE 1
T LVE I BEEE £ WU BE 04 T, SRR PR B P 1 AR
HETEERWIGIN; XY LBk BE R 90% B, HALH
RO, Y SR B R T 90% J5 & BUR H i AR
TR TEITURRRAL, H R A §EAE T — Lo ls i 1k 4
JoT LA e SE R 5 104 B 435 H R G0, 3 S gl 4y S Ak
FH R - REGFE OE- /K5 F456 bl , AT S 2
WHEGTR TR,
2.1.2  REETEXAET EE e & 2 nlA
It 5 1 BT ) ) 2 i B O R AR T R S i
ML ECET 8] 247 80 min B 2 U HP AL T 0 &
% Z )5 HEE B R A R S SR BOR T B & FE &
B TR, X AEJE B ik B — g it nl s, 3
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Fig.1 Influence of ethanol volume fraction

on the extracting efficiency of black rice anthocyanin
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Fig.2 Influence of extracting time

on the extracting efficiency of black rice anthocyanin
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Fig.3 Influence of ratio of solid-liquid
on the extracting efficiency of black rice anthocyanin
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Fig4 Influence of temperature on the extracting

efficiency of black rice anthocyanin
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TEEKAETT R AL OGS FE i, pH XS $ IO T i AE T
R EABRIEE ., pH 2 2 I, 1675 52 & &k 7
B RAEL; 76 pH BRI AE 7T 2 & WA X &0, X2
N A R AEEIRA pH BREE HH A C A A9 AZE M 5
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Fig.5 Influence of pH of extracting solution

on the extracting efficiency of black rice anthocyanin
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P2 2 MIE S 45 SR MM 22 43 B nl 41,5 A4~ R R P Al 22
iKW EREZE E pH, i /ME N HE ZFE D {2 BUR
UiAH 5 AN ZE b pH X AR T 2 H2 IR 52 i i O, T2
B L i /N, 5 AN IR R X Bk R KA SRR
ST Sy pH > FEHUSTE] > Wkl b > 2B 5 %L
> IR BRI SIS B i PR B K — 2,
A AB,C,D\E, , B 2 BEARFL 53Ry 80% , $E B AT [A] 2y
60 min , JREGEE A 45 C RN L 1:7 (gfmL) ,HEHL
WpH A 1. RAZMEAL T 25, 16 1 RIEBBUK
4 OD {HiA 51 0.637 , B 8635 3 v 19 28 — 2H B IUAE
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Table 2 Orthogonal test results of anthocyanin

extraction technique from black rice

SIS A B C D E oD
1 1 1 1 1 1 0.637
2 1 2 2 2 2 0.376
3 1 3 3 3 3 0.321
4 1 4 4 4 4 0.189
5 2 1 2 3 4 0.309
6 2 2 1 4 3 0.318
7 2 3 4 1 2 0.335
8 2 4 3 2 1 0.454
9 3 1 3 4 2 0.460
10 3 2 4 3 1 0.436
11 3 3 1 2 4 0.241
12 3 4 2 1 3 0.257
13 4 1 4 2 3 0.284
14 4 2 3 1 4 0.224
15 4 3 2 4 1 0.471
16 4 4 1 3 2 0.361

k, 0.381 0423 0389 0.363 0.499

k, 0.354 0339 0.353 0339 0.383

ks 0.349 0342 0.365 0357 0.295

k, 0.335 0315 0311 0360 0.241

R 0.046 0.108 0.078 0.024 0.258
TE: A SEMAFHG B AR U E] 5 C BB L ; DR B pH;
K398 R 22

Stk — 2 A A 253 B R 2R M AT AE BE, X SRR TE

TR IE A BT IS5 R 1T 7 Z 001 (WL 3k
3),LAAIFIRES T F NS, M3 3 s, 5 MNMks
Rl %) 32 36 25 SR 19 52 i 2 38 B AR B 3 K (p <
0.01),

#3ERIRETRA I E TR
Table 3 Analysis of variance for the
result of orthogonal experiment design
HWE  FrMm AmE B FE - R
A 0.0505809 3 0.0168603 3088.91094  *=*

B 0.1041028 3 0.0347001 6357.41984  *x*
C 0.0390064 3 0.0130021 2382.07125  *=*
D 0.0141678 3 0.0047226  865.20611 3k
E 0.6174034 3 0.2058011 37704.02545  **

2% 00001747 32 0.0000054
ik 05(3,32) =2.90;F,,(3,32) =4.46; ++ fL3k p <0.01,

2.3 REURBHTE

TE Z AR TS H0 N 80% |, HLHUAY 6] 24 60 min, 32
BB N 45 C R 1:7 (g: mL) , 2 B0 pH
MR T A4 P AT K AE T KR, H
2% 4 ATHN, Bl B HOR B B, SAKAE T 2 AR X
FEBCR AL HT N, 1 R HE B, 67 2 00 AH X i B
FIRF] 80.03% , HRELES U A AH X B EBCR I g,
B U A A 38 0 W RE AR /IS, 26 DU UK B R IR B &
SIS, AN B AR s R AR R R B R 3
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U, HAETT 2R YA XS SR IR IA F 99.29%
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Table 4 Results of extracting times

PRI | Il Il| \Y

AT ERECR (% ) 80.03 95.75 99.29 100

24 BFERSENFE

VLI TR -3 — 4 e Wi AR ME s AR R
B E AR an & 6, HARAERZ Ir#2 Sy y =
0.0187x-0.0054 ,R> =0.9981 , X1 v K Y6 Y BE(E, x
SRR -3 - AR . B IERS IR 16 A5
S ARARAR T R I, S5 56 1 509 B e UK A6
HERITERE, N 3434 pg/mL, R R LEK 15 5,
K 25.46 Mg/mL,/‘éﬁEjgjﬁzyﬁ 9 5,4 24.89 pg/mL,

MiSEE 14 S HIET 2R & SR A, AN 3.19 pg/mL,
1.0f
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Fig.6  Standard curve of Anthocyanin
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67T RISy 298.23 we/g. UNAR 53 5l >R H 52 5
159 114 ST, 1 g BoRB2e 3 WiV , HoAET
FASH 43 L Ny 221.11,216.16 F1 27.70 pe/g, 5
S 1S T AL BT R TR
3 it

RORAETH 2 AR A RARIAET RZy E 2ok
o, EORAETF R IR B MBI Z W T 2S5, Abdel
— Aal 5 LB FE ST 0 BT AT kPR b, SRR A
B AET 2597 i (3.28 mg/g) o Ekici 55 7E 0 5%
AET ZPEHAY IR BE (I [R] RN pH SRR, e BRURE fh
HIAETE 3= & e AE pH3 ~7 By BN BE pH _EJHm R
K. Kang % FE 0 5% SR AL 75 ZEHR BN 4L T2
WA 70% (v/v) BRALIS B9 L BEAT B i Y AE TS 3R
PR 461.72 mg/L, Ui ISR G Y pH FZ W FE T
FHHFSH, Loypimai %™ fF 580 [ KM A AL 7 3K
R Pt A B s Yl A = pHL K S BB 7T 3R BEf
ARG A LA TG IK £ W Sy 35 O 50 B, A B 52 i SO
AT RAT R EZ N IE pH, 2R 5 KK 1 S
(B, VOB L, 2B AR A3 B0 IR, P R I 4 o) 42
B pH X AETT ZRAT A B 2

PRI R 0 FROKRIE R R T 2 A R
Wi, He 257 FH 7K hy 44 BRCPA 751 AF 9 R ASE 1 B 2 K
EH R TR BL, BRE L 1012 R BUIRJE S 50 °C,
PR A 2 80 min, $2HUHE pH iy 3.2 I 8CR fe fE
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T pH <2 B, #6752 2 DL 2- 2R IL IR Itk gy BH 25
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JRE AR o
4 Z5ie
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