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Abstract

In this paper, enzymatic extraction process of black rice anthocyanins was optimized by response
surface analysis, the main monomer C3G was prepared and the effect of amino acids on color sta-
bility of C3G was studied. The extraction conditions were determined by single factor tests in
terms of anthocyanin yield. On this basis, the extraction parameters were optimized by response
surface analysis, then C3G was separated and purified by AB-8 macroporous, polyamide resin and
semi-prepared liquid chromatograph in turn, finally copigmentation of leucine, cysteine, trypto-
phan, and methionine on C3G was studied by spectrophotometry and color difference measure-
ment. The results showed that the optimum extraction conditions were: citric acid concentration
3.5%, enzyme type a-amylase, enzyme addition 95 U/mL, temperature 50°C, time 125 min, and
liquid-solid ratio 14:1 mL/g. Under this condition, the average yield of anthocyanins was 1.725%o,
while the purity was 71.24%. Four amino acids increased the color stability of C3G and improve-
ment with cysteine was the most significant. Therefore, enzymatic extraction of anthocyanins is an
effective extraction method, and the auxiliary color of amino acids plays an important role in ex-
panding the application range of anthocyanins.
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HE

FIH P VA BEE BRI BREFT R L ZHITMHRMA, FEEERBREFHR-3-0-FEHE
(cyanidin-3-0-glucoside, C3G) HHF R REMN CIGEH AR EHNE M. UABFESRNER, FHEE
RER -, SEWPEE, FERERNFAM, SmiEdAB-8. RBERR AR5 SR A% Bl
HHC3G. RAMEEENGENE, FR4MEERN CGHAR BTN, SRR, BERK
Rtk T2 %&MR: WEBRKRES.5%. BRMRa-teh . BRNEIIMES U/mL. EFE50C. BE125
minfIBEHE14:1 mL/g, FEHFHT, HHERFVFHB/ERNLT25%0, HENT1.24%; AFEERRY
WY C3GHBEREN, HPERaERNAEEARANEE. FHik, BERETRER —MIILER
WRETE, KREERMHEAERANT KEFRNNHABEEFERRE L.
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1. 5|8

SR R AR A K IR B A — R R, R IRE R 2. IR [1]. KA A
HRE MR E TN, A NPT L B RS ORI R NERIRRAYEE ESE R TE,
A BB IR B Z (M D MR R R RS 2]. A R R, Hi ey
R C3G [3]. T BRIk C3G 2 HRTFF RIS 2 —. BGINEH ZIRIUMEEES: K
BRI LR AR IS, TR R — Bl T 2RI . BRI i, R AR S B R R 4T
fL, SR YGRS . FAT, O SR T A R R TR 4]

WHER—MerE. T, ARANHYEOE, TRRERNEIEYh, H5%5H, B, pH %
DRI O BRI AP B A RS 1o VT 2 1 75 2 RO e A R R AR e 0 . OIS . B B 5 6 1R
ST WU TTE A7, R0 T Z IR E 6] [7]. AR T BRI K A5 2, 3R
RIS TSR ER T2, SR i . LR, 1A MR X AE TS B B, A BIR T & 44
18] FIFIREISAIAL B2 20 0 & WM 00 €3G, JETTT A LM C3G R A .

2. M5 R
2.1. ¥R5R5
HoK(Oryza sativa L): T8, FFHEBERILELET, WTFLZHEERZ G EMERAR; HE(EIELR).

3

b

DOI: 10.12677/hjfns.2019.82016 116 'ans:

il


https://doi.org/10.12677/hjfns.2019.82016
http://creativecommons.org/licenses/by/4.0/

Wil %

IR Hrat). E2 R AAARAT: ORE(CiER): KE Tedia A7); ZIEM(Leu, Cys, Trp [
Met): EH#ghifr TAEMBH AR AR o-TEBBE(100 U/mg). £F4ERBE(S0 U/mg) FIER 1 5 1H 88(100
U/mg). AB-8 RALBEAN 30~60 HERMEIEM . LR MR AR AT MR Fram s il
NI HTEL

22. UES5RE

CP214 AT T RV BN BREE 5 (L) AR A s HX-300 AL mpdi rf 2 fEpl: Wil ag Ak R
WERETEAR): TGL6G w0l RN IR LA AR AR ;. KRT-NT-2-1 £ IJRefEis &
HIERHEARRMR TREABRA Al LGI-12 AR bRt VR R R R AR A R 4802 UV/VIS XL
HEHR AN TSR B BR A 7] E2695 i Al (4% . 25 [ Waters A & ; HP PLUS 100D
il 2 BUBAH RS RIFRRHEL (IR M)A PR A 7 55

2.3. 3k

23.1. RAREFRERIZRE] [10]

PR — I I — 20 B — K IR IR 3R - DEAR I IE — PE MR — HEIE — 75 B — K FLM VR P — 2 i
— R 3 e % 28— SR R I R PR — 2B P — B B T — B S IR A — R R TR e R

AT RERBKFHZ 0, RBOERBR, Ml 200 U eE 25 s, 1 60 B, kil iy, #
BT ERE 1~2 Ik, HEZRTHRPER, RS2 SRR BOR & #5146 o AZURHEE 5:1 10 3.5%AT B
IR TG B AR A VR R EAE 5~25 ume 356 a-UE B BER NG, £ — €l N /KR $2— BU 1)
JEAEFIEARIEIE, BOEWSE . R IEMEHT e, BREERAR. 2SR 7Y, RIS
2 AB-8 RILM AT 30~60 H RBLM IE 2 Al )5, WEERDLBBIRIE RS, 220 Bk R TG 215K
L HIAET 2 AR R IETE KA.

23.2. pH REZNERERSE
e ARG pH R ZIA[ 1]
TEH 2O 5 (%0, w/w) = (A4/eL)x M,, x DF xV /W, x1000 (1)

e A——WHE = (Assg o PH 1.0 Argg o PH 1.0) = (Aizg o PH 4.5— Asgg o PH 4.5) 5 e——C3G (1171
AH, 269005 L—HFE, 0.5 cm; DF—FiFERF; My——C3G 4T 8, 449.2; V——&&MEH,
mL; W—7hE R, mg. ¥ ZIEKIES (A 700nm) TH REEBR IR TR0 o

2.3.3. BERKNEIRE R T

DIAETT R F NS, UFFBEERIRE(1.5% 2% 2.5% 3% 3.5%- 4% 4.5%F1 5%). B0
(20 U/mL. 40 U/mL. 60 U/mL. 80 U/mL. 100 U/mL. 120 U/mL. 140 U/mL #1 160 U/mL). % (30°C.
35C. 40°C. 45C. 50°C. 55C. 60°CH165°C). KIi(20 min. 40 min. 60 min. 80 min. 120 min. 140 min
F1160 min) ARG (4:1 mL/g+ 6:1 mL/g+ 8:1 mL/g. 10:1 mL/g. 12:1 mL/g. 14:1 mL/g. 16:1 mL/g 1 18:1
mL/@) AR, HARFMRFFAFE, 20l AT BRI [12] [13], F & BRI BREIRDUEKIEE R15
S A

Wi )37 [T VARS8 1 11K Box-Behnken #5241, 7EFLR 25054 b, F|H Design-Expert 8.0 34X} 54
KAETH R KAF 31T Box-Behnken IR AL, AT RRIK BERZIAK 2R 1K) pH E, {7 ORIEAR 21K pH AE4E
FReE RTaEN:, KEERIEHRIA], SRR A K. WMok AR INEA). REB). IMHE(C) AR
BHEEDY MR, Beit 4 RIER 3 AKFREE W& 1, DA ROKAE T R AR IR [ 14].
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Table 1. Experimental variables and levels for Box-Behnken design

= 1. W 7 R 36 ] ROk K SRS

K
Fl %
-1 0 1
X, B &/ (U/mL) 80 100 120
X, °C 45 50 55
X B[] /min 120 140 160
Xo Bk /(mL/g) 12:1 14:1 16:1

2.34. BHBEEEEMHPLONERBTRNAE R C3G MIFIZ

R T2 RARBAEE R, WIEAE, BRFKIET RN AR KH &SR OEENELE R
RIAfE, it JEIA A N 5% ERKIE, B NG, (iliF:257%, Ultimate XB-C18, #f 3 P
0~5 min, 5~10 % B; 5~10 min, 10 % B; 10~17 min, 10~24 % B; 17~27 min, 24~90 % B; 27~30 min,
90 % B; 30~35min, 90~5 % B; 35~45 min, 5% B. #EFEE: 10 pL; Wi#: 1 mL/min; A8 40°C;
MK 280 nm. 520 nm. P A L H] % C3G, il fh: A HPLC ¥, WK K: 520 nm. &
MK 280 nm, HEFEE: 5.0 mL AJi#E: 8 mL/min,

2.3.5. SEBX C3G HEEER

53 IICH) 0.5% % HE R (Leus Cys Trp K Met)/KiE#, H 1 mol/L FERR M pH & 3.0; FREL 0.05%%%
AR -3-O- G HEH T 20 mmol/L PR MV (FT IR AR IRINAIR RSN, pH 3.0), ¥l 200
mM FALES AR, TR Ca™ B RN 0.02%. W EILBRIFE AL R MARILL 11 RS, Fn
N 0.1%L-PUR MR, Fo/0 B, A5 pH & 3.0. KRB N 0.25% & FEER . 0.025%/6T %« 0.05%
PR MERFT 0.01%485 28, DA NG SR 1A R X [15].

FERTE 40°C RIS Ky A3E 0dy 1dy 2ds 3dy 4d A5 d EIBIEAE (As20 am)> T
BAEREOMS ALy a b i, HEAR: AE = (AL +Ad” +Ab?)", Hb AL’ Ad's T AB'IEE
SKJG L a Je b SHIRIERI ZRE, 53] AE s RIGEERI Asyo om BATHETE RIVBERMRSN J1 25405, i
BTG ERE— RN, € [ N 2 E () A3 2R ] (t0) [16].

23.6. ZIEFSNEE
KM SPSS 20.0 Gt AFREAT 0, Hidi AR = i (x + s)Ro. BRI LLECSR AT Z 0¥t
P 8] 4 LR A LSD-t R

3. ERESH
3.1. FEFEREER
3.1.1. ERROFAMEERBENT MW

HE 1A, 5SFAACRINEMLL, a-deMBFRRINEZR S THE ZNER, 04 REEAR
PR ABIREAEE . Y o-lEMEERINE A 100 UmL B, BREIE 1.4526%0. XEFANEKXFFE
WA VR, AFHERAEARSED, KH a-te MBI Ko FRR KRN TYR, (e H =5
FHIK, FHHIREL, HOESFE a-TE BRI VAT R I .
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Figure 1. Effect of enzyme types on anthocyanin yield

B 1. BRI B RSN

3.1.2. FREBREMNEETRSENED

I 2 71, UFTERRIKE N 0%~3.5%0, EHRMAERE LR, 2R HINrERIKE, 167
RIFRRIMENS N FAEE RS —MEmAEYR, SHRZMMAE, ERRMKRYERG TES
RGPS PR, WM IMEHE RNEME, R RN RS S RERNH, FIRIEHE IR
B, BUEBATIERRIKE N 3.5%, B pH A3 4.

12 | \i‘\i\i

—
>
T
F.‘l\
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Figure 2. Effect of citric acid concentration on anthocyanin yield

B 2. iR EXTE S R RNFNT

3.1.3. BBRAMENEETREENF
I 3 1S, HEERIRSINETE 20~100 U/mL B, FEEBERINERIE N, £HRAEEAN LA, X4
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BN INEA 100 U/mL I, 53R EAN 1.5926%0. LIRS0, SR xmAE NEEHA. B TFERN
B InE N, BESRY M RS S; BIRYE— i, BEEBFNINE SN, AR REE B,

ST EERER =R T IMEI[17], SOEBREFRIAS IR 100 U/mL.

160 @ %
_ \ﬁ\}
1.55
2
S~
¥
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Hr
eS|
1.45
140 1 1 1 1 1 1 1
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B ¥ 0 &/(U/mL)

Figure 3. Effect of enzyme addition on anthocyanin yield

B 3. BgRORMEXEE RISRNFNT

3.14. BEXNEERERNEME

B 4 v, CHIRFEAE 30°CT50 B, FE T B AT BEIR A 0wy R, IR E S0 A,
B EKA 1.6301%0; (HBEE IR RIS — 0T m, SR N BNEE =T R a-TE 0 B I
PESZ B RIS, 6 R0 SR A RS 5 o s & S SRR RN TR R FvRe,  HET R 5 T
MER, ARSI 2 S G 1 At e B RIEA R, Ik, IEHRIREEA 50°C.

16F b /E\

TEERBE %

1.0 E 1 1 1 1 1 1

30 35 40 45 50 55 60
1B eC

Figure 4. Effect of temperature on anthocyanin yield
B 4. BREMETRSERNEM

3.1.5. FENEFTREXHOEMN

65

H1P 5 ATk, I IRIAE 0~120 min P, {E75 3K MASR BEE I R OB N IR B2 5, JFAE 120 min A F
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KA 1.6823%0: o, FEARFEAE . FIATE 0~120 min N, KT HNVER B a-VERMBEKAE, EHIERH
BERKEE RRIHKR, FEE R 8] AN R BE e, 2 RNIEE—E B, TEh St 7Kg, 1€
TR R, SRS INEE N (], 35, Fr DA FE SRR (8]0 120 min.

1.7F ¢
1.6 | E///j
£
i 1.5 F
e
Hr
®
14 F
1.3 i/
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Figure 5. Effect of extraction time on anthocyanin yield

Bl 5. BHEXES RISRHNFME

3.1.6. ERILLNE BT REENE N

B 6 I, SIREHELE 4:1~16:1 1, FEF R MIERGIATR I nfibe s, SRkt 16:1 i, {675
RIFRIL BN 2.1808%0, Z JEFHESEHGMATRMIIE N, SR T, RUBEILE 16:1 B, EFRKE
VEARAESRIGRI, FRIRRGIAT, (e RADSIE, BRRMA T N, EREREHE N 16:1 mL/g.

A

22

»
B
T

TEERTE %

1.6 |- —

1.4 1 1 1 1 1 1 1 1
4: 1 6: 1 8: 1 10:1 12:1 14:1 16:1 18:1

WRLEE/(mL/g)

Figure 6. Effect of liquid to solid ratio on anthocyanin yield
B 6. MBIEENEE RISENZNT

3.2. W R BHTE 53 A 4R R

3.2.1. MEHERERTEREESER
i R FARE, BE R R ERIR SR M, DU, ORISR I T 2, T
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B & IRAE. A AOBOREERTAE T SRR BUSCR B2, 25 Rk 2 s @l Z2umElAilE, 3545
WETTHEN:
Y =1.72-0.033X, —0.011X, —0.12.X, —0.034.X, +0.074X,X, +0.15X,X, —0.011.X, X,
+0.099.X,.X, —0.058.X, X, +0.013X, X, —0.26 X2 —0.19X> —0.14X> —0.18X

Table 2. Experimental design for response surface analysis and corresponding results of anthocyanin extraction

2. BARUESRERARIOTRER

qET X X X X TEH RIAFE Y/ %0 RES X1 X2 X5 X HEHFZRBEF Y/%
1 1 0 1 0 1.444 16 0 1 0 -1 1.754
2 1 0 -1 0 1.337 17 0 0 0 0 1.383
3 0 -1 -1 0 1.278 18 1 -1 0 0 1.691
4 0 0 1 -1 1.635 19 0 -1 0 -1 1.108
5 -1 0 0 1 1.302 20 -1 0 0 -1 1.378
6 0 0 0 0 1.286 21 0 1 -1 0 1.347
7 -1 0 1 0 1.753 22 0 0 -1 -1 1.504
8 1 0 0 -1 1.067 23 0 0 0 0 1.511
9 0 -1 1 0 1.355 24 0 0 -1 1 1.779
10 -1 0 -1 0 1.130 25 1 0 0 1 1.332
11 -1 -1 0 0 1.620 26 0 1 1 0 1.250
12 0 0 -1 1 1.402 27 1 1 0 0 1.395
13 0 1 0 1 1.555 28 0 0 0 0 1.234
14 -1 1 0 0 1.216 29 1 0 1 0 1.644
15 0 0 0 0 1.233

3.2.2. ERAERESESH

[ AR () 77 Z2 53 B an < 3 P o kB izt FH B 2.2 P < 0.01, RIUTHAN & P =0.7152> 0.05,
DEHIRELAL AT R0 BRI IEVE RE RS, =0.9037 , BLH AL BE AR 90.37%Ma RiAH ek, 5
A5 5 KL 9.63%ANAE FHAZIE RS ERE; M REL R = 0.9468, EHIZERLAFLT R, TG 552
EZ VA B A o, iR R ZE /)N, o] DA RIZAR Y SR 43 B A0 TR0 SEOKAE 7 R PR R

Table 3. Variance analysis and significance test of regression model for anthocyanin extraction

3. mPARRENGES TR EZMHRIER

BiSA H 75 A %75 F {8 P {H 2
Xi 1 0.013 0.013 2.22 0.0489 *
Xz 1 <0.001 <0.001 0.25 0.6250 N
X3 1 0.160 0.160 27.50 0.0001 *x
X4 1 0.012 0.012 2.09 0.1703

XiXs 1 0.022 0.022 3.71 0.0745

XiXs 1 0.093 0.093 15.97 0.0013 wx
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Continued

XX, 1 <0.001 <0.001 0.082 0.7783 N
XoX;3 1 0.039 0.039 6.70 0.0214 *
XoXy 1 0.014 0.014 231 0.1505
XaXy 1 <0.001 <0.001 0.083 0.7781
X2 1 0.43 0.43 72.86 <0.0001 o
X5? 1 0.23 0.23 39.56 <0.0001%** o
X5? 1 0.12 0.12 20.83 0.0004 **
X4 1 0.20 0.20 33.55 <0.0001 o
f5 1Y 14 1.04 0.074 12.67 <0.0001 **
¥ 14 0.082 <0.001
KA 9 0.045 <0.001 0.67 0.7152 N

gk 7= 5 0.037 <0.001
it 28 1.12

i NRREEEEN, P>005, *£REE, P<0.05; =*ZFREHE, P<001.

TEVEE 1 29 RS /NI RAE N 1.079%0, B RAEN 1.724%0. FI7E 3 [R1A 75 F2 2R 55000 35 AR 56
AL, PEMERIS BE T, —IRI X, BE (P < 0.05), X3 B EP <0.01), ZRI XoX; B3E, X X; B,
X2 X X' XSWRRE, HARTUAR R . Wi R RS R ERIRF N A > EEr
WInE > Wk > IR
3.2.3. R E3ZE{ERA 7

[l YRR P i S | T 2 S5 i 2 an ] 7 BT o A6 25 1049 2R B Bl 5 SR BRI ) 385 00 2 I 508 18 n 5 9k
AP RaSA, I EL N T R RSO, DR HAN R . TTLAEH, B 7 B iR BENY, T
7 A Bk, BN R RN [A] (A8 EAE AR (P < 0.01), MBS I AR A TR R
(P <0.05). BEERGAINEFIGEMGR ZIIES, FEEIEHR . X R IEd e 2FiE A A% H
AR 22 A 3 T A B, AR Tk v P e T R R PR R BRI [ 18] fE—E VB, 1R
TRE TR o T OB 2 (] (R, 79SS0 . BEE I R I, SR 2%, pEERER
o BEARSON T B e R, ARERVRE S, 3R A2 [R50 .

X2:8E/C

T T T
88.00 96.00 104.00 112.00 120.00

X2:{ g/ C . 47N 88.00 .Xlzﬁﬁ%ﬂﬂﬁ/(U/mL) XL: R IR/ (U/mL)
45.00 80.00

& 5EKF: BF1A) 153.51 min. ¥R 14.59 mL/g
A BERINEX) S5 E (X)
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Figure 7. Response surface and contour map of pairwise interactive effects of various factors

7. EERXREERPBNESFSE

3.2.4. RUHRENEMG RARBILGUE

W eTs RN RE L2308 : BERINE 94.05 U/mL. RJE 48.74  CHFHA] 126.42 min FIBCEHLL
13.86:1 mL/g. fEMLTZRMFT, 1675 R AITUIAREKN 1.7734%0. Iy 7 R S T E B 4545 AL T 5
P, SR L3 fie i T 220 HOKAE T 3R BEAT S L, 5 P8 B SEFR T A 4k, Fs B A0S & 1 24 95 U/mL,
T2 50 SCRFIE] 125 min ANECEFEE 14:1 mL/g, 15 B SERRRHUE A 1.725%0 £ 0.041%0, 5B AFH H21a ,
YT ARy S W AE T AR 25 F, BB 1 e BT AL A 2 AT AT 1

3.3.HPLC ME#EZNAE X C3G Ikl

MORTEF RAAi s, R Pl C3G SEMRIE S, WAL AB-8 RALWAG4it)S, 4l
JEN 47.33%; SR ARG, G0N 71.27%, X 13 B Rt oo BORAE T R AR R B ar it . o
8 7, B AALRTRE S AE 280 nm AP, RIBERSAL S0 RIS T A 2, 20 50t

0.16 0.24 |
0.12 0.16 ‘
20.08 20.12 }’
0.04 0.06 [\ ﬂ
0.00 o.oowu\q\
0.00 10.00 2°:°°Time/min 30.00 40.00 0.00 500 10.00 1500 20.00 2500 30.00 3500 40.00 45.00
(a) AB-8 RALW a4tk
0.281 0.40 |
0.214 0.30 ‘
2014 20.20 ‘
|
0.071 0.10 Jb‘
0.00 Lgm

0.007
0.00 10.00 20.00 30.00 40.00 0.00 5,00 10.00 15.00 201._(_)0 /2_5.00 30.00 35.00 40.00 45.00
ime/min

Time/min
(b) AB-8 KALMJIE + JMLHM gaifL

Figure 8. HPLC chromatogram before and after purification

& 8. #i{tmifEH) HPLC &iLE
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HZAC PR, 2RV T AR I R 08/, AT WK 22 SRR 2% o Cpe bR 2%

1800.0- 1095 s
1590.0- 90
1380.0- -80
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960.0- -60

750.0- 50
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Figure 9. Semi-preparative liquid chromatography and C3G mass spectrometry

9. FHERERIEER C3G RiEE

I 2 1) 26 VROFH 0 23 B Alifb Y BB ORAE T 3R T R R 26 3 -3-O- i AT B (C3G), 455 9 fr
Ne WA 18 min A4 W, BION C3G, FHUGMRUAR AK . WA B4 5 BEAT R BEAG I, 193 3 Z ko &
SFE 449 IR, BIBHEIZ4 6 A C3G.

3.4. SERNEXEETRNEHEEAMS

3.4.1. L-53F B »t C3G B aia e iEa %N

L-Puh ER % C3G Butafa g sz mian&l 5 fios. 75 40°C BB I 5 K5, & C3G 1
RRFIH R ffetE, HEEMBOLE AR E N, B 4 713, & C3G KRR IR BB 7
SR RPN RN, S ERETEM 1, 8 5.63 3K 6.30 K. L-PURMER KA NS 80k R 16
R RIE TR (1, = 2.61 K), FEBEETOLME ML 5. & LR mRE RS, HHEER
BEMGFT & — R IBN F1, HRs T PR MR (K3 B o} P AR 3R AT 2R MR . L-PUR LR A AR AL 5 R 1A 1 A
FEALUF 2 MHLE: 1) LR MR AEE RIAES SRR, WA EE R 2) Fuk g [ &k
VEFF=E H B3k, M RETH RIS ER S T 0019].

—A—Cy3glc
060 - & —e—Cy3glct+Ve

o

'S

<
T

\I

TR IE1E (520nm)

§ 1
§\§
0.15 \%
0.00 1 1 1 1 1 1
0 1 2 3 4 5
I 1] (CK)
Figure 10. Absorbance stability of system in light for 5 days at 40°C
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Figure 11. Relative absorbance and AE* of system with 0.25% amino acid in light for 5 days at 40°C
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Table 4. Kinetic reaction order for anthocyanin stability in model beverage systems stored at 40°C for 5 days
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