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Abstract

The purpose of this study was to analyze the anthocyanin content of black rice crude extract according to different
extraction methods, as well as to compare the effects of stabilizers( 8 -cyclodextrin, maltodextrin) and sugars(sucrose,
maltose) on anthocyanin color deterioration, which was examined at 100C for 120~ 180 min. In the water extract, C3G
(cyanidin-3-glucoside) was detected, 3.22 ppm and 3.29 ppm of C3G respectively. In the 60 C water extract, anthocyanin

color deterioration was retarded by 10% sucrose and 1% maltose and the thermal color deterioration was retarded by the
additions of 1% maltodextrin and 1% B -cyclodextrin.

Key words: black rice, anthocyanin, stabilizers, thermal color deterioration.
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Table 1. Instrument and operating condition for antho-
cyanin analysis from black rice

Classification

Instrument model

Operation condition
Agilent LC 2000

Tosoh Bioscience TSnglTMODS— 120T
(5 tm 150X4.6 mm)

Column temp. 30C

UV - visible 530 nm

Lange scanning: 200~900

Diode array detector supplies G1315B
Pump Standard pump Supplies G-1311A

H,O : methanol : formic acid
(78 : 17 : 5 viviv)

1.0 mé/min

2.0 l

Column

Wavelength

Detector

Mobile phase

Flow rate

Injection volume

1) 7FH0]| 2lst Mx} B}

£7]8] anthocyanin 24 FEde] & MHF-E A
At & FE2 o3t 7 Al 253252 round flask
o 50 mt ¥ EF3t3 FFEAHS AZ2 3 thE oil bath(471,
Buchi, Switzerland)E ©]-8-3t 71Est9Th WEE FE2d L
syringe} syringe filter(Nylon 66 syringe filter 13 mm, 0.45 micro-
meter)E ©|8-3t g th3 208 F A3k cap test tube©]
Z}zE 10 me 2 ¥ 3 BB T 100TColA 18087 718319 1,
HREE2 71 F FA] ice bathE o] &3l 2= 23+ WA
1= TEAAT 718 AHEl"H 2328 A N E2E
E] A % (Degradation index, D)$} Hunter's valued] ©]3}+ 3H-& A}
23131}, DIT Fuleki T} Francis FJo] #H®o) wla} 222
& pH 1.09] $8(0.2N KCI-0.2N HCI(25:67)% pH 4.5
2Z8-A[1IN sodium acetate-1N HCl-water(100:60:90)] & ©]-&
td A3 w2 sAeta 525 el A SHRE ST &

theo) Aol oela AT

¢

O

DIFAp 1.O/(Ape 1.0—Apu 4.5)
Aou 1.0=Absorbance at 525 nm at pH 1.0
A 4.5=Absorbance at 525 nm at pH 4.5

A = g2 Al 2}HA|(Minolta-3500d) S ©]-83Fe] Hunter's L, a,
b #CoE YeERATH

2) &l Hsf

Zel H7tel &g Ala FEdo] Aok Al HBtE ZALE)
7] Hste] o] FF<2] sucrose(Junsei Chemical Co. Ltd, Japan)<}
maltose(Junsei Chemical Co. Ltd, Japan)E X173} sucrose
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Table 2. Content of anthocyanin from methanol extract
of black rice

Anthocyanin RT Content
D3G" ND? ND?
C3G” 10.563 3.13 ppm
P3G ND" ND?

" D3G: delphinidin-3-ghucoside, ? C3G: cyanidin-3-glucoside,
Y PB3G: petunidin-3-glucoside, Y ND: not detected.

o} maltose”} E0| FE20] HF =7t 47 1%, 10%7} &
28 Hrete gkl Azt WEe) pHE 3.02%
Z743ka 100CollA 1803 B<t 71E 3 & DIE 54315

=

3) MA CHMSIM|C| Hek

Uutx o 2 A QP 3lo) o] -5 &= A -cyclodextrin(Junsei
Chemical Co. Ltd, Japan), maltodextrin(Junsei Chemical Co. Ltd,
Japan) S 1%} 5%2] 5= 242F A7ksle 100CoA 1805
F 7Y & DI HEE S oA i Py St o3t &
o] o] 719 S EASIA

6. SHIA

A ZAF= SAS Program= ©]-8-51 ANOVA ¥4 A A
3t Duncan®] ths HHHA 02 A FYAE AS
Fom FZ2Z2A3 HA/ETY FBBA S Pearsond] HE
BE AFE o8l FHATE HFIHTHP<0.05).

du 2 o

1. QtEA|OI &t

1) HEkE F=0| 2lst tEA|OP] B

Ak Ao AbRH HEAoPD TFEEA L] HE 3
& RP-HPLCOI|A] delphinidin-3-glucoside(D3G), Cyanidin-3-glu-
coside(C3G) % petunidin -3-glucoside(Pt3G) <-C-%= peak area
7} #F=o] % 2™, anthocyanin standard®] peak area®} 2+t
o] BFEA L TETHE 3 ste] ZALEH peak area 34
o|-&-3te] Al4HE D3G, C3G ¥ P13GY] 34 2 4% 7
423 D3G7} Y=—1948.x+6583("=0.974), C3G7} Y=—5741x+
19525(r*=0.983), P13G7} Y=—23488.x+11783(r°=0.990)E 4] ©|
E ET 249 AFAAE veEhldT weE #2540 9T
Zu| tEAlobd e AR Ayt €3G 3.13 ppme| ATt
(Table 3).



130 o] & A

Table 3. Content of anthocyanin extracted from black
rice at different temperature

Extraction Kinds of anthocyanin and extraction content
temp D3G” C3G” PG
8°C ND" 3.22 ppm ND"
60C ND? 3.29 ppm ND”

Y D3G: delphinidin-3-glucoside, 2 C3G: cyanidin-3-glucoside,

Y P3G: petunidin-3-glucoside(Pt3G), ¥ ND: not detected.

2) E FEX0| IE tEAlOH] &t

258 E FEAME EF 36T SFEoH, 22
8 CelA ¢ %‘%* Table 3|42} o] 3.22 ppmo| %L, 60C
ofl A& 329 & F2o| ek F53 AR 75
At vlEhE S8 S43517] A7ER19 A FH]) o] mi$-
Fa HEg A 2 UL 2T 55 59 A1t 4
Hohe otk a8v & $£&& B 8T e 259
A8 FEAME HEeE FE23 o] H|53k AL 48 A
22X F5d f8E HE AlFste A4 ez A
ZrE o}
2. QHEAIOHH 2440 OFNM

1) 7t10f| 2fst A§xt HHO|

Table 4. Variation of color difference of anthocyanin
extracted from methanol in black rice as affected by
heating time

Heating time Hunter value of samples with methanol extraction

(hr) L* a* b dE*a
0 87.38 23.88 5.77
1 88.2 19.82 7.14
| —0.999
2 89.63 16.61 8.11
3 01.26 8.11 9.02

A
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oo . 7]

A&

E AFoAel FE2E Mao] tAge Aael ARt A
< hunter value®2 33 23 =& ATAIAE Hith= K
270l T e AT} hunter valued ZAH7} 09449 H=&
AEEE B 2902 Fxeie] 71 ARA]l H2ME

2 Ax S SA sk,

7VE X8} At WE £
DI pHell whe} QFEAJo
), pH7} S71ee wet A8 A ZAY
A& o] 83 FHo B FEAoP] M7} HI & £3
24 24 g3tEo| 715 pH 4.5904 F3 = %M ~a~7}
3lAl o} DI+ 718 A]Zte] AojAd wetl F7ksted 100T
ol A 18087 7188t S ul DI #kol S7kettt 32 A
o] ¥3lE YERE delta E gk 7FEAIZ ) 71 220 H]
glale] 718 ATt F7bskel wat L gk ot H4astal, b
2 AL Wby} gidlon, a g2 F45HA dadvan A
Se By st aeiy B dde] Ao e WEE F
Z3t A|BEY L 32 T7F8ka a @2 Ao b a2
Z7Vehe A3FS BYTE delta E 32 71EA 7o) Z7)st)
we} 243k Chun 59 eriztebes dhts e Z23E v
Bie =t

2 Ao kg 3290 o T Ao sl =gl
delta E 2t} 7}%/\1%}91 AABA = —0992 52 A48T
A Btk B 32 5 8TAA 2L 71 Ajgto] F7}
ghol] wet L g2 Aadt o), a g2 2R3 71 & 1 AZE
7ol vl of$ EolRem, b e 2T ST Delta
E #% Z4dhs A8S eI, 60ToAA e FEEollA
= L #7} a gk 2 71 AlRboll Wt A9 skt eiia
b 3t°] 71819, delta E 3t= S7Vete A &S YERIATH
(Table 5).

—Sr{}/‘é _

2) =00 2|3t A4} HHO

QHEAIOILQ) AR} 0|
oFEAJolY Al o] ANz} Mo Table 69141

Table 5. Variation of Hunter value of anthocyanin extracted from water extract at 8 C and 60C in black rice as

affected by heating time

Hunter value of extraction temperature

Heating time

8C 60T
(hr)
L a b dE*a L a b dE*a
0 7.44 14.72 7.05 2.12 6.71 3.65
1 6.99 1.91 5.58 3.92 7.54 5.6
—0.673 0.510
2 3.59 11.54 6.16 2.83 7.88 4.88
3 5.21 11.91 6.68 3.58 6.3 6.12
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Table 6. Effect of heating and stabilizers on degradation index of anthocyanin with methanol extract

Concentration Samples & heating time
Treatment :
(%) Black rice
Heating time 0 1 hr 2 hr 3 hr
Control 1.66+0.03° 1.78+0.03° 2.00+£0.06" 2.38+0.12°
, 1 1.73+0.06° 1.93+0.04° 2.08+0.01° 2.11+0.04°
B -Cyclodextrin ) . N
5 1.7240.03° 2.45+0.06 2.69+0.04 2.53+0.10
, ] 1.60+0.05° 1.97+0.03% 2.26+0.36™ 2.57+0.34°
Maltodextrin b
5 1.59+0.06° 1.9040.03 2.24+0.04° 2.20+0.11°

Superscript with the same letter in vertical of each samples are not significantly different(p<0.05).

o} o] T2 7FEAIE S wel S8k o, AR
HEZ p<0.05Z FIAES BHh

7ol o3t Al A= f-cyclodextrin 1%2) 5% 52
FEEd HUFeta 100CAA 71E319E we] DI 32 B
-cyclodextrin 1% 3 7}70] 5% 7kl B8l 7k A 7te] &
o] 7ol whe} Az} o) o] Alom FUI 7ld 21 ol
A maltodextrin 1%} 5% 7Fek Al59] B9 A== 5% A
7ho] ZVEAIZte] AojReo) wet A x; FHo] Zo] H T I
o|FH Hrbl| W FA HEZE sucrose®} maltoseS 217}
1%} 10% T=2 FH7istd 71838t DIE WA ARE =
A 3Tt Table 79149+ Z2o] sucrose 1% A7Fo] 10% 7}
ool Bl3] A FErt ka1, sucrose 10% H7HE2
Mol Hzrt Adl AVt w20t &5 HA Aot =3
ok, Maltose & H7He A1 89 = TETF L 1%90A]
B4 W3l7l Ae Aoz yehith

(2) & F5 HEAOIHL] AfX} B40]
Zn)o] QtEAloPdS] 251 F& Mo 71EA|Z ] uhE
FE & Table 80| A 9} 2ol djZ2at2 Zhz} 3413t 7FEA
3CFEEL M7} 208 S7Vekd L, 60 COﬂ/\H FEEL
guie] DI gkl S71E o & & U HHALL- 7}

@ARte] 255 Wael Fol A7, WAE 2L

FHE= 71 AR FEe] e A2 vEikth 2nixt
o} A9 100TAA 1808 714 }9&-5 i 60% S7He At

o
o

& e Zule] TEAORd 23 AIRES 7E Alzle] A
o]AFE A W3l Z Aoz eyt
4570 A4 et slo) H3F = SAER A -cyclodextrin

1%%} 5% A715olA 8C FEFES B-cyclodextrin 1%
bl M 180% 7FEAl DI 29l 3.3 S7HetARL, 5% A
VM E seu) 2718 BY T, E3) 5% F7HAES 71E 120
7R = Ak ol 7k Aglo 180% Al = 1% 7}
o] Az AUtk 0T F& A 559 180%F 1Al &
B-cyclo—dextrm 1% 7hto] 69, 5% 3 7kto] 7.6H0 F718}
or 71d A7) ¥ Hsle] HER 1% Arldte] AWy}
ZM A AR 07} e AeE VERTE Maltodextrin 1%
¢} 5% AH7ksla 8T FETolA 180% 7HAA = 71E A
vl 1.88) S7F8t AL, 5% A7 6.74) SV, 71
2] &l M 3le] FEol| A maltodextrin 1% F7}te] A W3l 2|4
7} e Ao YElT B4 4 2 2% maltodextrin 1%
A7 A A g3 folAQ AeZ veRgTh
Chun 5] 272} Aol e 5% H7hre] FEL 5
A7l o] HAzA Iy} oA AQ Ao F Hudlom B
AFe] AFAe} X5 e Ae= Hlth Sucrose
1%} 5% #7bsta 7HEst AlsE9 A Hste A=

Table 7. Effect of heating and sugars on degradation index of anthocyanin with methanol extract

Concentration Samples & heating time
Treatment :
(%) Black rice
Heating time 0 1 hr 2 hr 3 hr

Control 1.66+0.03° 1.78+0.03° 2.00::0.06 2.38+0.12°
1 1.68+0.04° 1.90+0.01° 2.15+0.09" 2.18+0.20
Sucrose b b a a
10 1.662+0.03 2.33+0.03 3.69+0.33 3.96+0.67
1 1.66+0.06" 1.800.03" 2.10=0.13° 2.04+0.09"
Maltose d b a
10 1.70+0.09 1.87+0.00° 2.1940.05 2.34+0.06

Superscript with the same letter in vertical of each samples are not significantly different(p<0.05).
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Table 8. Effect of heating, stabilizers on degradation index of anthocyanin from water extract of black rice in
different temperature |

Heating time and extraction temperature of samples

8°C 60°C
Treat- Concen- F Value
ment Pr>F
0 1 hr 2 hr 3 hr 0 1 hr 2 br 3 hr Heating  Extractionte
time mpature a*b
(a) (b)
Control 1174001 1338006 2384044 243341451 1356003 1934023 5174049 1085: 112 o 230 233
0.0005** 01513  0.1191
1355013 1204008 2442028 4495054 126:001 1414006 3784071 787& 293 oo 77 317
3 -cyclo- <0001**  0.0465*  0.0575
doxtrn 1226001 065¢1.12 189014 6934205 1274003 1456005 80242.03 073+ 302 o> 19 385
I <0001%*  0.0069**  0.0336
1256000 1456007 1306001 236:100 1326001 1445003 148:0.15 270+ 065 0.20 029
Malto- 0.0013%*  0.6655  0.8291
Gt 18003 1326004 3524073  8O1265 1224001 1486004 7208372 182242188 2 0.83 053
0.0998 03788  0.6692

* %% Significant at the p<0.05 and p<0.01, respectively,
Superscript with the same letter in vertical of each samples are not significantly different(p<t0.05).

7} Y& Aoz vehgt) 60C FETAAE 10% H7 ko]
H7baoll vig] HAErt ve o' YERIT Maltose
A7V 8T FEToA 718 AT} 1207 7HEA]
Z7hstd 1% H

Table 91418} o] 8T FZ ARl 10% H7hEo] 1% 7t
THG 1208 71EA] 7= AAE gel7h Aflod, 1808 7 1%
FAldE v FFELE e 180% & A|EE O 1%} 10%
Zol Bl A= sucrose 1%} 10% H7loo] 4 2|H a3 NE 1%(1.48 27D H7kto] 10%(3.74)

Table 9. Effect of heating, sugars on degradation index of anthocyanin from water extract of black rice in different
temperature

Heating time and extraction temperature of samples

8C 60°C
Concen- F Value
Treat- .
tration Pr>F
ment .
(7o) 0 1 hr 2 hr 3 hr 0 1 hr 2 hr 3 hr Heating  Extraction
time  tempature  a*b
(a) (b)
11.46 2.30 2.33
Control 1.1720.01 13320.06 238+ 0.44 24.33+14.54 1.35:£0.03 1.93+0.23 517+ 049 10.85= 1.12
0.0005**  0.1513  0.1191
1 1.21+£0.00 1.33+0.05 21.71427.26 14.58+ 9.59 1.28+0.01 1.39+0.07 ‘997¢ 448 11.73+£14.08 297 0.60 0.41
' ' ' ' ’ ' ’ ‘ ’ ' ' ' ' ' ‘ ‘ 0.0678 0.4529  0.7493
Sucrose
‘ 8.88 31.18 1.73
10 1.04£0.00 1.18+0.01 19.17+ 7.88 14.50+ 9.12 1.16+0.02 1.21+0.00 —16.24+14.53 6.77+ 0.76
0.0015** < 0001** <.0001
6.23 0.99 1.73
1 1.18£0.01 1.35£0.01 1.67+ 0.58 13.17+ 7.63 1.35£0.04 1.41+0.01 455+ 1.11 597+ 6.31
0.0066**  0.3355 0.2075
Maltose
0.38 0.77 0.89
10 1.2140.02 1.35£0.01 4.46+ 0.98 630+ 5.69 1.29+0.03 1.34+0.01 491+ 0.36 —13.20+33.61
0.7700 03942  0.4707

*, *¥: Significant at the p<0.05 and p<0.01, respectively,
Superscript with the same letter in vertical of each samples are not significantly different(p<0.05).
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7hato] AL WHo 7t A9l ot 1808 71N 19%(118) =
7HETE 10%(5.28] S7h 3t 10% H7btol Mat Wol 7} AR
o} 60 CFET M= 60R7HR = 1%(1.0480 Z=7HETH 10%
(1.03¥} F7hsted Mz} WHol7t A ot 1208, 180%F 714
Al 1% FA7ko] PEAQ Aoz vepdow, gz}
v A &= 1205 718 X774 1% A7VE 10% A 7bo]
BT kAol Aoz Jehd)

gw)e) ShEAlohe) o] $EF 3
Nobd M48 & 22895, 4F 1 29 4F 5 7}
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HoZ A4 F&3ta, 8CAA 24X7F 323 otEAo}
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60CollA 329 ppmo 2 & & Wglo] f-R3lom 8T v
< 25 FEZ 780 T2 WHOo R Zu] QtEAJold AE
7FEol 88 U Ao o) EF 60TAN &
FZ3 20| otEAlobAL] e F+= sucrose 10%S} maltose 1%
7} & L9} 71 A7HlA HA D g7 Flow. 8
—cyclodextrin 1%%} maltodextrin 1%%= 34|17t o)A} 719 38kA] &
= 50]9] & 5% FEAlold MAaE &gkl ot
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