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1.3 EEA*
FEERREK 2.0 ¢ BVIRIVE R, DIRME CBE/ER
ORI, B IR . TR R A PR e e, B
FEINZ A 320 Wo $EEGEE S, HhIE, H 2 mol/L (13
BIRBGE I P PE, IR R, AREH pH B 2.
WREEN 50% MR QIR , Wik, 2488
100 mL, FEAJEHE RN
1.4 SHAZE
141 JRBMEKRSHZ
TERRRIUEK 2.0 g BPIRIRE S, DL pH EHR 2.
WREN T0%MIR I CREVESEIGR, Wik 20 mL/g, 7F
40°C FHEFHEE 20 min, HAIIFEN 320 W, $REGEE
Jei, HhE, H 2 mol/L () MoK PRI 2 I, IRk
T, RIEH pHAE R 2. KN 50% B LR
WaEy, Wk, EASE 100mL, 4. FESREL 1 mL
FRREW, A2 10 mL JHRRS, FEAHAN . DL pH (E 0 2.
WREN 50%IEE A E2 AW, 7 350~800 nm
SN NAEREREACST LI TS/ S SPIIE =3 > N @; 48
SERAEP K 531 nm A AW ISC(E B K .
1.4.2 ZRE&EEFAS M
SNCNCREVE: MR EAMA LR e, B A=ebe, o,
IR AR e AE d, b=1cm. Kk, #—
EMRIEFE N, A4 5ORERIRE ¢ BaE k. Fitk, 498
B LAIERE A VENVEN R B R USCR I fa bR K%
B4 1.3 Wi AR B0 1 mL & 10 mL &5, /] pH
i 27 WREE S0%MME e, #5). WP Ll pH
ik 27 RN 50%HIRTE LIRSS W, (£ 531 nm
A0 5 R G
1.5 BERIRINEHNHE
1.5.1 TEEREAM EZARZEFRRHERN Y™
TERRARICE K 2.0 g, 23 NN SRR FE R 30%40%
50%- 60%. 70%- 80%- 90%[KIERME 2 (pH H 4 2)
WL WORHEE R 20 mL/g, {E 40°CHESHEE 20 min, B
FELNZR A 320 W, LA SAN[R)HR BE 2T h) B 60 32 R UK
RrEm,
1.5.2 PHAAAT ZARZEFRIERG M
HERARIUEK 2.0 g, IIAIKRIER 70%[1 CEEAESEEL
7, R 20 mL/g, FEFEHGH] pH {H43 52 1. 2. 3.
4.5 I4HE T 5 40°CHlE AT HEEL 20 min, #H DR 320 W,
DL SAN ] pH AE 22 (5 3552 URCR IR 2
1.5.3 &AL ERZ EFERRIRGF R
VERIFRE A K 2.0 g, LU pH EA 24 WKJE R 70%[K R
P CEEAE N ERIGR], 3 A OB HEE ) 5. 100 204 30,
40 mL/g, MR 40°C, HHETE 320 W T H2HL 20 min,
BN RORE L X B (8 B PR R R R
1.5.4 RICBREM BRLEFRBERA T
HERAFRECE K 2.0 g, L pH AE N 24 WRE N 70% 18R
Ve AR SREGR], WO 20 mL/g, #E A TR 320 W, )
AAE 257 35, 45, 55°CHEAHFEI 20 min, FHEEAFHEHL
TP o} 0 AR IR R R 5

1.5.5 RIEFIas 2R L EZRIAR G m

HERIARIUE K 2.0 g, TN pH Al 2. WKRFEH 70%H)
PR L WEAEHR ], WOREEL 20 mL/g, 23 WIAE 40°CiR i f
HU 10, 20, 30, 40. 50. 60 min, 5 EE/N [ 2B A) %
SO KRR R R
1.5.6 IERERZIT

VERIRREE K 2.0 g, $%M 57 1.3 FEARFSMH I X
FLHEAT B 5 A Bh AR BGR T . 2> I LR . pH {H
WORILG . FEIGR AN 5 NRZEEAT T 4 K
R, AR R ZR L R, WHIERR L)
WEFURE PP B e (R D .

Fz1 ERRKET

Table 1 Factors and levels of experiment

SES
K A B C Db E
pHAE  Wfli/min  HEE/C (’jﬁlngt) Zgifq
1 2 10 30 10 30
2 3 20 40 20 50
3 4 30 50 30 70
4 5 40 60 40 90

1.6 BEHAFRENELREGR
1.6.1 ZFk

HERIARIUE K 2.0 g, TN pH {0 2. WRFEH 70%H)
R 2 F 80 mL CCRIEL 40 mL/g) , =L F (32°C) &
B3 h)a, g, 2 mol/L 1k ks S ORI 4= v i,
R4 2T, RJEH pH A 24 RN 50%MIRYE 4
BRI 4a ), MRE. ERA 100 mL, #E5. 1% 142
DA RINEL S A a7 = K
1.6.2 JedhE iRk

HERIARIBUCE K 2.0 g, TN pH Al 2. WRFEH 70%H)
BRI 4 120 mL (JCEHEE 60 mL/g) , B R KRR E
AN I 3 h 5, IE, 2 mol/L ¥ SRR K
PO, WORRgE T, RIGH pH N 2. WK
H 50%IMRYE Ll 4, MikE. EZE A 100 mL,
Ao 1% 142 JHiENE OGS, T ESRICR.
1.7 EAREBEEMNBHIREREITE

FREL 3 3 2K 4% B o SR AH N BRI T v S ARk A T
PO, S REARERIOE, PR ILE AT IR g R W, 15
IR ZREHN R W, R ERCR,

TECR (%) :§><100%

2 HR5HH

22,1 TERREAMERBEHFRBRHERNI ™

A AR BE YR, Rk —BOE K. SRR
PRS2 AR B TR 2 A (R AR PR AR D R 3R 1Y
PG ARSI K H] CRE A ERIGR], B 1 PR LR
B LRV BE IR 3G, P8 SRR IR BTG B I 1 K
HIEINA T0%0, HWOGEE A TR, PN OB,
MR R ST 5 T Bt . X R] RE SRR A SRR BEI IR,
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Fig.1 Effects of the ethanol concentration on black pigment
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pH fEXHE (a5 b FiRR e PE s iR K. fe (U 7E
ANFI pH AESAE T 2 RIS E B, (AERVESAE T
ARG E, W RREBIPES AT P AR PG, K 2 W]
LG, pHAEZ WA 1. 24 34 44 S, OGRS A
0.422. 0.432. 0.398. 0.356. 0.297. K% pH {EMTH=,
HARHUR RO BE e 38 K5/ o 72 pHAE R 2 1, $2
WO WO R e R, B4R IR . 76 pH {0 2~5 11
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Fig.2 Effects of the pH on black pigment

2.2.3 At BAR B EERIRE R TR

HH & 3 WTLUE 2, OB 43 0] 72+ 10,20, 30 40 mL/g
i, BEBORAIOEE 43 ) 0.421. 0.432. 0.442. 0.398.
0372, M&ERF LIS, Wk ELE 20 mL/g DL, $2
IO W 5 BT FA . X TSRO, A
ARBTG5 YR R T 2 A 3 o R
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R, B, fESHUN Nk £ S IE FBop L, LAk
A FIMBEIR IR 2, IFer a8 TAR ML IE . W5
KIFRA -

0.50

045+

Zoado} \

0.30

0 10 20 30 40
AL/ (mL-g ™)
v PRIGESE 40°C, pHH 2, FRIUNIA] 20min, ZEEKE 70%
B3 bt BEERBER S
Fig.3 Effects of the solid-liquid ratio on black pigment

2.2.4 RIGREA ZKZEERRARNHh

M 4 g fal W, fE 60°C R T A A T3 E
WP E SRR, (E 25, 35, 45, 55°C N4
HIVE O RE Y Hl e 0.431. 0.469. 0.485. 0.515. JHiL
AT DABR s (0 SRV A TP AR B RN R AL, IR 280
Tt A N, AR, M1
Ty T, AT T R i IR TR T B
LW R H AT 78R R & A A5 B sl s A s,
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Fig.4 Effects of the extraction temperature on black pigment

2.2.5 RIREFIA T L EFRRMEN Yo

M5 Far DUE S, SRR RO 5 B ER R R fr
BNk, £E 104 204 30 40. 50 min 4 R HEBOK
I BE 23 Sl 0.420. 0.436. 0.451. 0.472. 0.475.
SR A 2 PR BRI T R BN g, AR SRR,
AR IR E 22K, ISR B R, WP RS



342 ek TR 244

RN, B PRI R ANBE K, R A ORI
JEBHIR, LT, AR JTHES) 348/, PRI B
%, (FERBHTMANIE, HRMENIINF, FRSDA
PR o XA AE DA Ay b 7 I T PR A A s T B P IR 1 25 b
B, AR TR R B2, FIR, A R 7R
B N R AR, e I (T B

0.50 ¢

2 -

0 10 20 30 40 50 60
i H) /min
VE: RIUEE 40°C, ZEEHKIE 70%, pHA{H 2, #ORHEL 20mL/g
B 5 A5 R E & F IR RH

Fig.5 Effects of the extraction time on black pigment

2.3 EXRWMELER G2, 3)

R 2 WIS eI AN, 76 s A R R (3R
PHAHZFES, pH EHI# WA, BRI EmEN, 5
AN DR 2 s R R BRI P RN P : A>E>D>C
>B, Rl pH> LEEARE > WOk >l B > I ). 7EAIK
SR -, IR PR B R R (5 2 AT A
MIEHE, SHEARLTESEN: pH EN 2, L
W 70%, WokktE A 30 mL/g, RN 50°C, Ik
30 min, {EULACAF FEZRE 3 K, Frign B o R H0uR
WG N 0.526. ARHE 1.6 TEREBCR IS T, 15
PR 6.85%.

*2 EXRHWHER
Table 2 Orthogonal experimental results

iy _— \

'ﬁ A{EH B cuyg D ‘ﬁ*‘—l E{ z?ég H)Egt
1 1 (2) 2 (20) 3 (50) 2 (20) 3 (70) 0.465
2 3 (4) 4 (40) 1 (30D 2 2 (50) 0.328
3 23 4 3 3300 4 (90) 0.447
4 45 2 1 3 1 (30D 0.312
5 1 3 (30) 1 4 (40) 4 0.447
6 3 1 (10 3 4 1 0.384
7 2 1 1 1 (10) 3 0416
8 4 3 3 1 2 0.389
9 1 1 4 (60) 3 2 0.508
10 3 3 2 (40) 3 3 0.434
11 2 3 4 2 1 0.392
12 4 1 2 2 4 0.232
13 1 4 2 1 1 0.415
14 3 2 4 1 4 0.298
15 2 2 2 4 2 0.424
16 4 4 4 4 3 0.404

2012 4
LEES

iR .

ApH N . D ¥k E & L&
ED B [l vE .
ﬁ fir T CHRE Ty W
k1 0.459 0.385 0.376 0.380 0.378
k2 0.420 0.375 0.376 0.354 0.412
k3 0.361 0.416 0.421 0.425 0.430
k4 0334 0.399 0.401 0.415 0.356
R 0.125 0.041 0.045 0.071 0.074

HIE 3 KT =T ai /LW, pH (N1 A) XfHE A
ES b A TP NEe ) AT S SR ) ¢ B 4 AP S S S 7
FEAT A o [ IR 2 Tt A P ATBOARE L X R (5 22 S IR 5 i
I RTE /G SO e b1 NV 271 B & N AT S €7
RO,
*®3 EXRBAENE

Table 3 Orthogonal variance analysis

PER e e iz Pl B
A 0.03805 3 0.012685 40.80 *
B 0.00373 3 0.001244 4.00
C 0.00572 3 0.001909 6.14
D 0.01278 3 0.004262 13.71 *
E 0.01354 3 0.004516 14.52 *
R 0.00373 12

H: Foos (5, 4) =6.26, Foo (5, 4) =15.52

2.5 AREHEEAEBIELEL

KA SR B Al R EORT FUAT o e i SE oK 2
2%, IS XU S AR U L T 4 T iR s R
XPLG, R 4.

F 4 TREREENEAIRIUERIR LR
Table 4 Dual-frequency ultrasound extraction and conventional
extraction method comparison

PRI FRILIN [F)/min WORLEL PRIH/%
RUER 5 30 30 6.85
BT e 50 32 450
oS TREA 180 40 4.05
(EPkeR 180 60 0.19

& 4 AT5, Y ORERIEAFIREDL T, Bkl
WRHE 40 mL/g $EHCE KM E, FER 3h, OGN
0.368, [FIAIELLBCRI L 60 mL/g $RENEK M0 2, FEn)
3h, WOCREN 0.150, BUAIER vk LLBOREEE 32 mL/g $2HX
HOKEAO 2, FENT 50 min, “PIJFREE N 4.50%, 1 XU
B BUELEWCRIEE 30 mL/g I, AH 30 min, ~FIR
IR 6.85%, X3 IR 7 B P M2 545 G s R B 24
o, AMERERCR |y, KR4 T FEIU fa], i FLadk np
DAY/ D50 0 FH &, 1T AR

3 i i

ARSCE SCHRLI8Y M 2204 T AR SCIVIHE 7 e 46 FH )
RUMGER 7, SCHR[1STHI (A FRAIORE 75 o PRI 73 A
PRI LR, ANIYET, UM 7 R I A4 I, el 7
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WoRLE 30 mL/g, W& 50°C, 1EHINFA) 30 min, ~Fi44E
WA EN 6.85%

4 2 it

D AR IEASIRS, RUSGE 2 CEK R R W Bt
T B4 pH HA 2, LEERIEN 70%, WRE N
30 mL/g, ¥R 50°C, WIEZAH 30 min. {EULSRMF FEE
I 3K, i3 R A R BOG R 0.526, A
NI R 6.85%.
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Zhang Jixiang, Zhao Wenjing, Bai Xiajie, et al. Orthogonal

Experiment on dual-frequency ultrasound extraction of black rice melanin

Bi Yongguang®, Kong Fansheng®, Zhong Hongmao?, Li Yongxin®
(1.College of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China; 2. South China Sea Institute of Oceanology
Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract: To improve extraction rate of black rice melanin, dual-frequency ultrasound assisted extraction method of
black rice melanin was used. Orthogonal array design was employed for investigating the effects of pH, extraction time,
extraction temperature, liquid ratio, concentration of ethanol. The results showed that the impact of various factors on the
black rice melanin extraction was followed by pH, concentration of ethanol, liquid ratio, extraction temperature,
extraction time. The optimal conditions were as follow: pH value of 2, ultrasound time of 30 min, extraction temperature
of 50°C, the liquid-solid ratio of 30mL/g, ethanol concentration of 70%. Under these conditions, average extraction rate
was 6.85%. Compared to impregnation and ultrasound extraction methods, dual-frequency ultrasound assisted extraction
method exhibited simple, saving time, less solvent, high extraction efficiency and less melanin.

Key words: extraction, optimization, technology, dual-frequency ultrasound, black rice, melaninm, Orthogonal
experiment



