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Abstract

Black glutinous rice is also known as black rice. It has higher nutritional value than
polished rice. Its dark purple color and anti-oxidative activities are primarily due to the
presence of anthocyanin in the bran. This study was to investigate the effect of ethanol
concentration and pH value on the stability of black rice anthocyanin and color
phenomena in ethanolic model solutions. In the experiments, pH 1 — 8 model solutions
of 10 — 50 % ethanol containg black rice anthocyanin were used.

The results revealed that the degradation rate of black rice anthocyanin in ethanolic
solutions follows apparent first-order kinetics, and the rate constant is decreased with
the increase of ethanol concentration at 40 °C and 55 °C but increased at 25 °C. The
half-life of anthocyanin degradation in 10 — 50 % ethanolic solutions are between 2.97 —
184 day, respectively. The degradation rate constant is decreased with the increase of pH
value at 55 °C and the half-life are between 6.76 — 100 day at 40 % ethanol
concentration, respectively.

During 55 °C storage of model solutions at different ethanol concentrations and pH
values, the degradation index, Hunter’s L and b values increased while a value and color
density decreased. In pH 1.0 model solution, polymeric anthocyanin content reached
95.70 %. When the pH value increased, the polymeric anthocyanin content decreased
and monomeric anthocyanin increased. The TEAC and DPPH radical scavenging ability

of various black rice anthocyanin ethanolic model solutions was highest at pH 3.0 — 6.0.

Key words : black rice, anthocyanin, ethanol, reaction kinetics, color phenomena,

antioxidant capacity
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B BTEERNETE S PR FEOST o 4L (2005) wrxmiciEF AT
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Table 2-1. Effect of extraction conditions on the chemical and sensory characteristics

of persimmon extracts

. Fruit:Alcohel __ _ Fhenalic
Sample Extraction ) Nitrogen Protein componnds Taste Aroma
Neo" (days) ('Snlul:s.n_l'renl‘} content (%) (%0 dry SCOre SCOTE
(wiv) substrate)
1 10 1:1 0.30 0.02 12 6.70 531
2 10 1:1.5 030 0.02 12 6.70 531
E] 10 1:2 0.25 0.01 12 640 520
4 10 1.3 0.25 0.01 12 G40 520
5 2 1:1 0.40 0.03 13 7.00 .80
] 2 1:1.5 0.35 0.02 13 6.80 G.65
7 2 1:2 0.35 0.02 13 6.60 .30
g 2 1.3 0.35 0.02 13 6.60 G.20
] 30 1:1 0.40 0.03 1.5 7.00 G6.70
10 30 1:1.5 0.38 0.03 1.5 6.80 .60
11 30 1.2 0.34 0.03 1.5 660 G.20
12 30 1:3 0.29 0.02 1.5 640 .10
1 10 1:1 0.43 0.05 0o 7.80 T.63
x 10 1:1.5 0.43 0.05 0.8 7.80 7.50
3 10 1:2 0.338 .04 09 7.60 T42
4 10 1.3 0.38 0.04 0 745 723
5 20 1:1 0.57 0.04 1.0 872 872
' 20 1:1.5 0.59 0.04 1.0 .62 249
T 20 1.2 0.47 0.05 08 240 833
& 20 1:3 0.45 0.05 09 815 822
o 30 1:1 064 0.08 1.1 254 247
10" 30 1:1.5 0.62 0.07 1.0 852 340
11" 30 1.2 0.5 0.07 1.0 821 2.04
1 30 1:3 0.57 0.07 1.0 205 703

*Sample 1-12 are extracted at room temperature with 95% vol. alcohol.

Sample 1'-12" are extracted at reom temperature with 50% vol. alcohol.

(Gorinstein, 1993)
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HNFEE2 L%ﬁ%mﬁﬁiﬁ%%’@ﬁﬁ%ﬁﬂkﬁiﬁ&‘f‘Eiﬁﬁ’
Pamp AR e SFRLEr pAEML 275 % (Kongetal, 2003) - =5 % F1&
FEIAAIORIRGHEY F 7 LA T L ek & Tl 4 7 500 - 550
nmz B Fa Ap pER A4 (Reinand Heinonen, 2004) - = % & &1 ¥ F *

EHER R R X AFI AT CNF RS AR FE L AR T EL R

o\

G PR EEAA AR F AR BARE TP SRk

L

&\pH\';E \_‘%ﬁ%\%\iéfz \(%é’?llllﬂ]blLb*ﬂ’ﬁrlg\F ﬁﬁ.*ﬁ\ﬁgthﬁ\#%

—

s F R2 £

>

W E2 B

=g

ﬁ‘\“—;l

FERL B
EFEBAER O Lo B A B2 CeCaCo ¥ 4 TR 5 BT %
flavylium cation 7472 4= » d =5 % fepEA [anthocyanidins (aglycone)] ~ p#
(sugar group) % figz (acyl group) = %4 = (B 2-1) ¥ 4%k 357>
32 Ai=¥ i § A& (hydroxyl) 27 5 & (methoxy group) & H= % e &
anthocyanidins » B mfEd ¢ ¥ L ehicF FRpEAY 283 & (% 2-2)> ar &
B 4 % (cyanidin, Cy) ~ $+2 2% (peonidin, Pn) ~ =& % (delphinidin, Dp) ~ 44 %
¢ % (malvidin, Mv) ~ = = % % (pelargonidin, Pg) ~ % 2 7% (petunidin, Pt)
ExfEmd R LAt e Y o

d ** flavylium cation 4 2 T+ » @ PF3enicF ARpEAE 2 A2 iy
R - RN A R A YD P RRBEAS LS TG
A& it (glycosylation) » & JisR] 5 g 23 35T iz F > R ivg A F W RBR
POAfERE % A 4 (Reinetal,2004) s pEA- I EREL L dof R
(glucose) ~ X 5 4% (galactose) % fe 4 ia4& (arabinose) (Markakis, 1982) -
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fe it i®*  (acylation) i sk 14 fqsddt 3 2 pE it 2 anthocyanidins + - i & 3
ANEER 6Nl o FTF R AT A LA X - s % 4 %k (aromatic
phenolic acids) (4= : coumaric acid -~ caffeic acid ~ ferulic acid %) » ¥ — g & 75 8%%
fi& (aliphatic carboxyl acid) (4 : acetic acid ~ malonic acid ~ succinic acid 2 oxalic acid

% (® 2-2) (Reinetal., 2004) -

FeF 2L 7 LRSHEE YT B RF BIE2 B4+ flavylium cation > @ -
EAFEF ke ey RIEAFHRAEDET FELIBBESE W FF Y
B RS R AP PRSI F RS AR BT T F A0
A A A ARIEIHT T AORIPEIFS TF A EIREEF B
T EF AR TFRagd d @ E > 7 T Ercfis(hypsochromic shift) -
Fd 73 AP g 5 AP RlEEdd i A4 % 220 (bathochromic shift)
(Shietal., 1992) ; #5 BEEA v - BAEAPIE T pEAA ¢ A6k (acyl group) ¥
ML RRET BX TP ERALRRARE R ed & F (Markakis, 1982) - &{c
M(1992) AT ¢ a2 EF A BRET S B ik o 2t Y PR R
i &3 wAFenggd Lo ¥ flavyliumcation 7 25 - BERAE 2 £ @
= P isAldr & (sandwich-type stacking) » & 2 = M HEet 0 @ FIpH & 3 F2 4o

(SN TRE IR AR PR



B2l 522 A -
Fig. 2-1. The basic structure of anthocyanin.

(Hrazdina et al., 1974)

H3CO

HO
HD_Q_L H HO H HO— ——COOH
\ COOH MCOOH Q_\\;COOH MCOOH \ /
HO QOCH; OCH; HO
coumaric acid caffeic acid sinapic acid ferulic acid gallic acid
i i P PR i
oH /\/\ OH
e o HO)K'( HO oH HO)\/\OH HO)\/\(
. . . 0 . . . .OH . . . O.
acetic acid oxalic acid malonic acid malic acid succinic acid

Bl 2-2. ¥ Lz -5 Afphksr+ o
Fig. 2-2. The most common acyl units of anthocyanins.

(Rein et al., 2004)
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Table 2-2. The basic structures of 23 common anthocyanidins R

Flavylium cation

Ry
Ry
R;
Ry

Name Abbreviations  Substitution pattern Colour

Ri R, Rz Rs Rs Rs Ry
Apigeninidin  Ap H OH H OH H OH H
Arrabidin Ab  Ab H H OHOH H OH OMe
Aurantinidin ~ Au OH OH OHOH H OH H
Capensinidin  Cp OH OMe H OH OMe OH OMe Blue-red
Carajurin Cj H H OHOH H Ome OMe
Cyanidin Cy OHOH H OH OH OH H Blue-red
Delphinidin  Dp OHOH H OH OH OH OH Blue-red
Europinidin  Eu OH OMeH OH OMeOH OH Blue-red
Hirsutidin Hs OH OH H OMe OMe OH OMe Blue-red
30-HydroxyAb 3'OHADb H H OHOH OH OH OMe
6-HydroxyCy 60OHCy OH OH OHOH OH OH OH Red
6-HydroxyDp 60OHDp OH OH OHOH OH OH OH Blue-red
6-HydroxyPg 60HPg OH OH OHOH OH OH H
Luteolin Lt H OH H OH OH OH H
Malvidin Mv OH OH H OH OMeOH OMe Blue-red
5-MethylCy  5-MCy OH OMeH OH OH OH H Orange-red
Pelargonidin Pg OHOH H OH H OH H Orange-red
Peonidin Pn OH OH H OH OMeOH H Orange-red
Petunidin Pt OH OH H OH OMeOH OH Blue-red
Pulchellidin Pl OH OMeH OH OH OH OH Blue-red
Riccionidin A RiA OH H OHOH H OH H
Rosinidin Rs OH OH H OMe OMe OH H Red
Tricetinidin -~ Tr H OH H OH OH OH OH Red

11
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(=) kR %k
e FIRAR DI 4o i oxde B pE ¢ PfE TR (Giusti and Wrolstad, 2003) -
Skredeetal. (1992) & ¥ F 44 & FE L% FRAF RTF A RAF 240
B R - kAR TR WY NES F e R 0 4 o Asenetal. (1972) 45
¥R F % (cyanidin) 4 kA 10°M #4c 3 10°M P> 4 %o B M 4 300 & -
o hiCF F ehik B p e+t self-association % @ #F H 4E %% (Brouillard,

1982) -

TrAgaR? pHEREH @ 3842 gfd L % it 4R 2-3> & pH 1.0
FFoa & 224 flavylium cation 255% 3 & (B 2-3A)> 5E ¥ pH i #rg = > flavylium
cation ## % = §¥% ¢ ¢ quinonoidal base (8] 2-3B-D) > % pH i 50-6.0 pF >
## %% = & ¢ = carbinol pseudobase (] 2-3E) % & ¢ 7 chalcone (B] 2-3F)> @ pH
%% 7.0 f¥ > chalcone i B 40 "% 3@ Bk 0 @02 £ wAR = 2 d oh flavylium cation
(B 2-3 degradation reaction) > = % &3 ® T ¢ FE e it £ & TRk i
T Ap¥EAR G M (Aracelietal, 2009) o - A T o TF R OCEMIEK L & Y
flavylium cation % &> 2 % T it > %% pH 2 & 47 (Brouillard et al.,
1982) - éﬁﬁzﬂ ¥ fEAPEAZ -5 % (Pg~Cy~Pn-~Dp-~ Pt~ Mv-3-glucosides)
% pH1.0-12.0 ik ¥ &% 60 = > R pH1.0-3.0 B> % & 4 figehizd >

R B Ap ¢ 48 = (Cabritaetal., 2000) -

T AR XINERDER F AR AN I RBRDE ER 2§
S TEF R EfR o B 24 5 pH3T TN R EHMBURIST M aE fRB AT
Shrikhande et al. (1976) 4 & » % 8 /& 14 3 jieisdgcd 4o o - FeAEE ERA
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e et 2 o Cemeroglu et al. (1994) % T fis R+ i}éfﬁi* B3 -18°C & 57T
T 160 2 0 RY 80% L 7EF A G R A A 37 C Mo giE 39 2

TRAIEFEIE c LEAHTFE TG 2o 2B Kaltetal (1999) # 7 #

2]
BLATE K % 4o® F (strawberry) & % 2 5 (raspberry) 2% 0 C 7% 8 X 7
1 # % £+ % 5 £ - Wang and Strech (2001) 5 R EARE et 15 C = ik ePpE

OFy oRy :
x\_.ra“ ’r\ o0 o I 2, - OH
w wwe Y +HO w0 2k i oAl L
uo.\l,\t_ pr S 'f"\c& e (\ \?ﬂ\ — 5 p > ,L/\V Ry
2 PN, AN
L av £ on A
oH oH
™
Sk pH S pH &
(A} E) )
II-H’
P
0
=
HO o L Sl
\} & Y o Degradation reaction
//‘\-,//\OR' )\'
M pH2 /k\/ 3 “OY\/O“ ﬂ[on
2 /]:L \r/\/\ Q/\ oRs
OH
Ry Pi'}l'f aldelnde phenolic acd
A on
X
Ox " 0 J!\,/\ when R Is H:
\(\« e
'*y)\ OR R o
oM ' A\.'-O“ ‘/'\‘_,m
pl 3 o | 1 o f
WO ~OHILA HOw ORI A
T LT
-._f,”\_,’ o f; \o
oH OH
diketon.

P (§°‘
T\P/I R,=H or saccharide, R, and

i R3=H or Methyl.

)

B 2-3. =7 % B € pH B2 " iRisdl

Fig. 2-3. Anthocyanins chemical forms depending on pH and degradation reaction.

(Araceli et al., 2009)
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R HO /‘“\m/o\\/o

R =
~~._OH 0
f | \‘\“‘}//\&” O-glucose
ol T : 0. _= A =g
HOL S X S R HO AN NP R Intermediate o R
Pl = oA —~ Structures
NN 0-glucose \\I/ " “0glucose A OH
HO HO [
\‘\ - R

Bl 2-4. =5 > pH3.7 T X & 52T -
Fig. 2-4. Degradation of anthocyanin at pH 3.7 accelerated by heat.

(Rein et al., 2004)

(1) 3% 7 fokam
Daravingas and Cain (1968) 4p 11 % § $7=5 & L7 {105+ - 51§ hE 25
T NHF L AS (hoHO, %) e gRg 1 iv% > 10¢ R TF R &7 EF

B etal (2002) 4 B &P A0 F F R RRP AT T ARG F

\m

BBIFERFDI R o ERNAMERESF -7 2L &L R F]F > REATTF £ -
PAEf s BNk A A A AP R e o AR
(Markakis, 1982) - Kearslry and Rodriguez (1981) #- pH2.3 2 =4 23 R Bk 2 &

FEAGWENRET 24 ) E SEHABEEL TR SRR VR LR .

() P
Debicki-Pospisil et al. (1983) 447 I pEag ¥t i 4 4 f32 77 ¢ 4p &) Sl 127k
B ¢ > fructose - lactose ~ arabinose Apf >t & pEAE L F 5 WAET-F & E 3

fructose # % % 4 ¥ 0 E ik > A5 X ekwapg (furfural) 2 257 fekes g

g"!'t

Rl

(hydroxymethylfurfural » f§ £ HMF) % & Jgddse chit £ 4 > i&m 21705 £
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#ARS o R Ry 3}1 AL I T T%E)s;—fﬁ;*‘ né%«ﬁi@gﬁ%—%gﬁ;‘g TR
A 4 k4 s (hyperchromic effect) » H 4|7 it &2 %% (-REHM ~ dril¥ M EE R E
MFh o PFEARAKB SRR F 2 FENERIT F A FRBER

Hae o AdvkwafEs 557 Aok IE R ARA SR F B2 BB AP H 4 0 T

m o deid o & e fE %3 %5 (3 0 2004) - Tsai et al. (2004) 45 1 -
RBETHEMT T Z A0 KRB & EFRBDRRR S A E SR A It

jxa%t - BRI GAR . z.%fJﬁ'*me,‘éig » F] LB ;}é)ﬁﬁqﬁ% ) }1-;:-};,*—-%»}; R
Benifd sod o BiFpER R 0 £ & 4 (2006) R 4e 12.5 % glucose hd ik
Rl #Elﬁlc*v?‘},’]? 4v 25% glucose % 25 9% sucrose *tixiE iEARY TR I d F iR

$ o T FRAR AR U

(<) pE#

i esd 73 FLPEE B FTF F PR TUL > blde glycosidase %
polyphenoloxidase (PPO) - Glycosidase ¢ -k %= %} chpEéd > 2+ 3 T2 i~
FARPEA T F A Aok SRR S PPO RIEE PR ETF L A M
(Quining) {5 » L BT F 2 E S F RERTF FMEEE A3 40¢ $ 7 (Pifferi et

., 1974) o F]pt » 4ot i LEARY F oRFrIpEE A BT R TS s

f% - #% % 4£ 21+ (Garcia-Palazon et al., 2004) -

(~) &3+
SHEBBEIF € EBR LG MEERA2 TF % (4 cyanidin » petunidin ~

delphinidin) s &£ 2)= 4% » @ ¢ =4 % % 2 » =2c)& (bathochromic shift) » i =
BBk £oe K& A o Asenetal. (1972) dp - § 2 24FN S & T A
*4F &4 (complexs) p¥ > A pH & 40-6.0 FF (i w4F HfE T enicd > @ 4 ~ 49
fodd % 33 77 5 p 02k o Markakis (1982) # 3 # 3 > = F R R ¥ K
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cﬁ“Ff*Mffiﬁ%ﬁéwﬁéﬁﬁ@#a’?uﬁﬁwxfﬁﬂﬁ%%ﬁ
B fEE o ¥ b > Nebeskyetal. (1969) 2 5 drdfr+ 5 &7 » § i n f&
g it o A4 2 FF 1Y E €4t T & DA % o Francis (1989) 45 1147 ~ 48 ~ 48
L ARE Y o ARG R > R feH B2 AR &R

Y
PRFETT AR 0 F ARSI A & BRI BT R OB FRR

(1) ¥t 2

id
4
2
P
=
I
F_&
o
;
H
4=
™

FUR 5 e FE fded P FARTEL F R A
gy ey o e A g -7 % 482 - Poei-Langston and Worlstad (1981)
FIER-F7HETFIFA e PR MEERETFF 40 C R RFHE
F I $3{-5 %424 (W] 2-5) - Debicki-Plstitil et al. (1983) 4p 9} » Fudft fik te &
F BT ¢ @ e (furfural) 4& cyanidin-3-glucoside 424 - & 4) = X5 &
@8> F F e i 4 o Garcia-Viguera etal. (1999) # R & iz ,ﬁv‘ 74 cysteine

7

2 thiourea ¥ M Fri|fuk o fiecng 1t > Fla R 7T & 0 R o

(+) = § 5

R b o F ALY Rk 2 drEA D Y FEE g e ey

F}

ST TARER PR EL L 2 S Y R E R R SR
T aURE F o TR F

BE o RTEFAMEIE S O ATIR DA B e AR ik
LRI o F A TR TR A S (3 etal, 1997)- Markakis (1982)
dp it S0ppm s F A AR S S TR SRR R AL iy o 2
B T F & b PR eEerat s o Bakkeretal. (1998) A7 % 4p dt 0 i iEE S AR
s F R REMARRE
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B25 B2 FCHFTFEAGFRIZ AP o
Fig. 2-5. Colorless product from condensation of flavylium with ascorbic acid.

(Markakis, 1982)
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F%%j»ﬁ WhrF A EH AL T F* S TR gEd R R LR
%45 £ & 4 sl (copigment effect) (Davies and Mazza, 1993) - 427 (% 1} 5 4
FALE 54 % (copigment) - rd AL A - REF B 0 HIR@ o ST
ERET L A A AR S DS S EEEERES SRR
S DR B AR TNA B L F 2 E G AR N R MAUES f2

¥ g ¢ (Mazza and Brouillard, 1990) -

SN E RSP fE g A s

EFEL RS B A I T A S (B 2-6) F £ 4 FH LT
FEALRBRU T FELS B*j%g 5% p R R B (v*  (self-association) % 4 + p

£ % ¢ i¥% (intramolecular copigmentation) (B] 2-6 A 2 B); % 1% &~ 3+ 2 £ Hip
s i}gq = £ Hd4f & 4 (metal complex) (B12-6C); @ &2 23 A X * T3 2
AT pE o f]&ug w4 S B & ¢ 3% (intermolecular copigmentation) (] 2-6
D)o 2% d (% i Eenie* S35 AFIPEEd 2 AFIFELES (Reinand
Heinonen, 2004) » 11 & #4423 fAE (T HP o

TFEAIPNEES 7% s ARBETFE AL DB H o BB E RS
LiF 2842 913 3 A B > 4o 4L - Brouillard (1983) 23 2tz 7
PO F RERAINhY 4% A8 -4 % flavylum cation = C % (pyranring) &
ARG R F R T Al oL pnA i M (B 2-7)
#d 9 flavylumcation + Cp 2 Cy =% FI£L F)-k A F P bsc ¥ > m g%
BSOS FARFLFFORUL - VI E N EHTFF (B 2-8) ™K

A4k § 4 - 48 (Goto and Kondo, 1991) -
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TAhAAIREES Fr g 2 BFEF RO AR LI F T 4%4 4
RAF GG D R E gAY N F R E KA A B RAL RPF

HEB TR ffal%"f1i%ﬁf’ﬁ%%fféﬁﬁiﬁiﬁ““#ﬁfﬁ%’ (4
Bl 2-9A) > oyt A 4 ex314 (FR-Rpaies 4 g3 (7% ), § g0 R 4 (F% hA)

(Chen and Hrazdina, 1981 ; Maccarone et al., 1985) - Davies and Mazza (1993) 4 i i~

T

FEALOLIPNES T TR GALEVAIERS FF [P oo RRTF

oK A T EE i A ARS A o

)‘I\

i
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Bl26 vy 2+idivr (A) pHERE® B) #F+p£EJ iFH
C) & igty D) A3muLd Er
Fig. 2-6. Anthocyanins interaction (A) self-association, (B) intramolecular

copigmentation, (C) metal complex, (D) intermolecular copigmentation.

(Araceli et al., 2009)
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Bl2-7. vy B A+ P LR IF" 2 484 -
Fig. 2-7. Model of intramolecular copigmentation.

(Brouillard et al., 1983)

21



0Gikc

CHO
OH ©
Mo {
— uﬂ"'\o
G = ! =
kepl - pC-Gle
O Q
cie
C
e

B2-8 & Bt ipis -

Fig. 2-8. Structure of metalloanthocyanin.

(Goto and Kondo, 1991)
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Bl 2-9. =5 % delphinidin-3-glucoside £ rutin %ﬁfé A EERES R AL 2 AF
EF (A TR ey (B) M b s
Fig. 2-9. Two complex formations through intermolecular interactions between

delphinidin-3-glucoside and rutin. (A) parallel complex and (B) interlocked complex.

(Rein and Heinonen, 2004)
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- B4R PR TS
ERASET P LFALF s FRES P 7w AR
7 flavylum cation e sk g dd > id &7 L Sk 5 [ e Sk (5 3 4o gk d s
(hyperchromic effect) % &+ = jcjk £ w & & & 4% (bathochromic shift) (] 2-10)
» W3k & 4 eee s (Brouillard et al., 1989) - Brenes et al. (2005) % 35 2§ & 7+ 5%
¥ S ;‘?Jtﬁé'% ¢ 4 rosmarinic acid ¥ & B < L Lk EH 4 178 % 0 H A L £

T mA 23nm > kB IARTI FL I R B e rosmarinic acid =% %

TE
F_‘-
st
:_“4\
L
=1
B
|
=
-
XY
.
T
=
s
o

BPL R (0 PFS e GG ROEERER - 5§ b B ER -

o
T
T
W
o5
e
o
3

PEEFROFFRFS §RFREI Y o7 BT R

FEEG R FRG b GATR R AP RAR A PR SR

2T EHF- BRI FTET 2 FRRSDF o 7 F A7 4p 0 cyanidin-3-
glucoside sk & & & ¢ (F% 04| F]F > F kAR K3 35 x 10°M pF fr%z ¢

4 2 5 ¢ % (Robinson and Robinson, 1931 ; Scheffeldt and Hrazdina, 1978) -

=

£ P FEEFEAEDER W R PBPRA P S RT T 2

;,9]:4c rutins & pH3.2 pF3 £ 5 ¢ % 4 > @ PREF R R ER W Gledif4e > H
LR IEREARPE ORI L LI TR IREFLFEORRAE LIS THTT

FAAERERV B AeD B B ARE R - %@E@f’?ﬁ‘gg”ﬁé&"frz\?};ii%

[

40 ERSGEET F o i 2 £E T3 4 (Markakis, 1982) - ¥ ¢t > pH # %
T m BEAWEHEE RO FEFLLLI TR 25 pH AR
3 # Mz 3-monoglucoside =73 & i pH & 3.5-42 2. &> 7 3,5-diglucoside
% 3-glucoside-5-glucoside # i pH % 3.1 = + > @ 3-acylglucoside B|# pH4.0-—
45 z_ & (Williams and Hrazdina, 1979 ; Wilska-Jeszka and Korzuchowska, 1996) -
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Gutierrez (2003) -k i 4% e (PR &Rk 4 5 i A Kf » 0K R PR

FR AR A WS 0-22% R IF) (reconstituted wine) » BLE FW

N

FdiEr 2 B BREFREFRRAFPOMHR AR OH A > £ R4 TR Gut b2

v
[2ad
=

T

Qo

*
@ pH BRI 4o d 40 0 FlAdrdlE B M GF A o 2 FIER PFH S

€27 PR R RA P R § S R Sl

Vi gAfEINAd R FFH AR R E @ 318 HiR- &Y 5 ’ﬁ/’%‘

(Tseng » 2006) » #7r4 — S efuppd s 79 B 7 a fad 2t @k - Kunsagi-Mate et
al. (2009) # % FMA 0-20% jFpHiAiR? LB AT LA 8% T HRE T
SOREEFFW RSB RRY F AT €9 Bi-7 £ A4+ 0" i flavylium cation 2
RKETEH > T REFSAHEF T IVEL M d BB TR » PHZT
RELCFAEMOB S U F kR 8% NTAA I LRI HFEF R
uﬁ;ﬁgﬁg_pgﬁ % "‘J—ﬁ‘o F L&P—F,fﬁg‘»;‘;\gﬁfﬂ.%%#i&ﬁ% hFS
S G e

» ~ H & i¥* (polymerization)

FERD o RLTTFFamgs o284 (catechin) £ 25642 85 2

T

REF P REF BRI R LERTF Hd A SR T (Markakis, 1982) -
RN R R B T S PN SR A T A U R O o
BERGterEsid T ALy dp Y REFMERGZEDTE (o
1992) - p ¥ o AR E Y F L kp W F PR ¢ o Markakis (1982) A

o #RTFI FORLBAOICF R EERTRRA  F T AR

CERP S HB RS PREF BRARR F L ERAY § 4 EE B AP
HRehR L § BRI FHoEd  TNFE TF R AL DES A F T RS

EREEaHer Bis AL 2 RESF  $IREY pH % 2 - § L EH{ 4o h
PERETRTY > RFRET d b WRF I @ IR 2T RN A
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FEpP O RHERIEAEE S WEG - AP FRRERLL FA g
HU+2EMA e r h@d A3 > a g Fprd BERF I > L EREEF
SE RS R GRPETY R R bk e R e St

# 5 2 (Joslyn and Goldstein, 1964) - 45 & ¥ # 5 flavan-3-ol (4- catechin %) =
flavan-3,4-diols (4r#& ¢ =5 % leucoanthocyanidins %) 12 C4-Cg iﬂ'e—kﬁﬁ Mo e

FEFF (Roux, 1972) -
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527nm, abs

b — -
abs /.042
10 1512nm, A i
1 . -
Habs 0 435 i Hyperchromic etfect
1
a 1 =
1
____.. ______
| | i
1
i 1
0.0 ' * T
Bathochromic shift 600nm

Bl 2-10. £ 5 d 1% 2 kd»afp2 v kAL BBRYE -
Fig. 2-10. Copigmentation as hyperchromic effect and bathochromic shift
(A) Cyanidin 3-glucoside, (B) Cyanidin 3-glucoside + rosmarinic acid.

(Wilska-Jeszka et al., 1996)
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FIG EFRVOBBRY MY

Mateus and Freitas de (2001) # 5 3 > & #/F) (port wines) **# = # fF » 3
& «hf-§ % © malvidin-3-glucoside ~ malvidin-3-acetylglucoside ~ malvidin-3-
coumaroylglucoside * H =4 ¢ % anthocyanin-pyruvicacid 2. ¥ 2% 5 - & F
oo BPE o foF R A e rE 2 5 P & (Bakker and Timberlake,
1986) - #* 3 4p 41 > 50 mg malvidin-3-glucoside/L #i-5% 7% %>+ 0~ 10~ 30 ~ 50 % iF
WERY 2 2% - S F Ji (first-order reaction) - | p¥*% 23 S F FEER S R
BB R ®B ™ H 4 (Tsengetal., 2006) -

Fyrd F oo o0 e BRHEG AR Y o oy R4+ gk self-association > #
Bromem G s 2R pAR £ 4 0 ® BEd 5% R A 4c (Hoshinoetal., 1981) - A7iFEk
SYEF L EE Y gl d ANREF R EETFARALT PP S
FAORAESFRA S R R R T RS okl 2 o ARt Rk
STRE O T AR CEBEREY > AL LR = 25nm auER
(Boulton, 2001) - Canals et al. (2005) #F3t e FRk R $0F § O ~ B S5 8
RAPHERARR ARG BN F A EFAOE R BTN 4 A RIS KRS I

RALR 2 R ES o E N FHATE A (2005) 4y MzemEFFPEAYT B

\1

FIFHLEENITF o NEFE PRI AL NTF R 2 EF R
PFREE P S Fa T TR VR e SmE RN E
LB CemiER (B5-60%) &FEA RTEMNREIEFEZE D A BER

B oo
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PG TFAREfRLE I FL
SRR LS

EFES SRR & S el e R S AR R F AR - LI T - S
SEREFHTF AL REH AT AN ALY o Rk 53
EAF ARV A5 D R%F K (Tiwarietal, 2009) ~ - % & & (Cemeroglu etal.,
1994 ; Garzo'netal., 2002) ~ = &~ J& (Ozkanetal., 2005) > & ©» * 21— %k Ji ik %
SHce - BEI EDF RESFTHERSFER [C] REFEF t 2 F Bl m

# = (Labuzaetal, 1982 ; Ramaswamy et al.,1989 ; Boekel, 1996) » ;% & 4= :

ATCHAt=KICT ™ oo, (1)

FRBLPI T AR L - BF P 7R (1) AT TS

Co: T=F RaAzdik &

Co: FRtPFRE2ZTF3ER
t: F RPER

kKt F e & 4 #
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LEYLF P ERS I AER - LR > d (2 AV @

|n0.5:-kT1/2 » gl

Tue = - I 05 K e (3)

(-) & i

FoRsid ¥ e it it a2 P enhl 27 d Arrhenius = #7755 5 i ¢

kB RTOKE SR i 5 ¥ 3K

A dpdkT F]+  (pre-exponential factor)

Ea : /&1t & (kcal/mol)

R: # %% # (1.987 cal/mol °K & 8.314 J/mol °K)

T:a$E Rk (K)

BTl F R RT 28 it F ¥ Pp REEE (Ink) $F B8 R R chiplik

T

(UT) T8 > ZEHh2 455 -EaR> #7245

NP
E it Eae
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CEE RSN

oW AR

2.

BEXid Sad ABERE AL FEFHEE 24055 K P BERE LI
EAYT.0mm: £ Fv 2 4.2 BirmE A e

HEUERE (95%vol) 1 & o PR SIS AR T F R o

o8 REAE

Absolute ethanol for analysis ~ Acetaldehyde ~ Hydrochloric acid ~ Potassium
Chloride ~ Potassium Persulphate ~ Sodium Acetate ~ Sulfuric acid ~ Trolox pp 1t
® Merck =& -

ABTS [2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)] ~ Acetic acid for
analysis ~ Ascorbic acid ~ DPPH (1,1-diphenyl-2-picrylhydrazyl) ~ Folin-Ciocalteu
phenol reagent ~ Gallic acid ~ Sodium Carbonate F£p % & Sigma = & o

Sodium Hydroxide pp p A riH W1 F450 g4 -
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FoE REFXA

1. pedkip] ik (Hi 9017 Microprocessor pH Meter, HANNA Instruments,
Singapore )

2. & %k & & 3+ (Model Helios Alpha, Spectronic Unicam, Cambridge, England)

3. By (RC-5C-Plus, Sorvall, Newtown, U.S.A))

4. -kl %% (Synery, Millipore, Molsheim, France)

5. = #F A ¥ 373+ (N1, Atago, Tokyo, Japan)

6. § £ % (Model TC-1500 DX color and color difference meter ZE2000, Nippon
Denshoku industries Co., Ltd., Tokyo, Japan)

7. = I (BJ1500S, Sartorius, Gottingen, Germany )

8. #rE % T (TB-214, Denver Instrument, Gottingen, Gerrmany )

9. &' % 4 (YIHDER, LM-590R, Taiwan)

e d REEHE
FHERLRAFANS > B JMARUF B B RFRE N TFEER2
B PR pRmRP A BER XD pHE (X2) 2 2FFF (X3) 5
Pivipgitz = S = RBEEHAEFF ) oo R 57 15 BF
Sle o 50 wE 3 BEM O BREATATFEFE  BRFSRPHEMA
Tt gt Eme ¥ AR 4T 5 - a2 g ixit o AfA ke ki (10
%~20%-30%-40% % 50%) % 7 ik ® (1-2-3~4-5-6~7+8)
FEF R R BELIFEAT (25°C~40°C v 55°C) HitF F £ i

2R ABOTRRDFLRL -
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Raw black rice

¥

Milling

¥

Solid-liquid separation

Blanching

(Oven heating at 120 °C for 40 mins)

y

Defatting

y

¥

Physicochemical properties analysis
* Total anthocyanin content

Soaking

* Soaking time : 6, 21,36 h
* pHvalue:1,2,3

Response surface design
* Alcohol content : 50 %, 70 %, 90 % (v/v)

y

the optimized anthocyanin
extraction parameter

To determine

3L KA F RFEgi 2R HREH -

Fig. 3-1. Experiment design for the extraction optimization of black rice anthocyanin.

Black rice anthocyanins

40 mg/L

!

Y

|

Real system
40 % EtOH
(pH 3.75)

Model system

10 % ~ 20 % ~ 30 % ~ 40 % ~ 50 % EtOH

(pH 3.75)

Model system
40 % EtOH
MH1-2-3-4-5-6~7-8)

|

v

Storage at 25 °C

Storage at 25 °C ~ 40 °C ~ 55 °C

Storage at 55 °C

l

l

Analyze for antioxidant capacity
* DPPH assay
* TEAC assay

v

Analyze for kinetic parameters
* Rate constant (k)

*  Half-life(7}),)

* Activation energy (Ea)

F32 %45 % e

Analyze for color quality
* Spectrum

* Degradation index

*  Hunter’s L, a, b value

* Color density, chroma

B

+  Copigmented
*  Monomeric
* Polymeric

Analyze for patterns of anthocyanin

BE AR FHREH -

Fig. 3-2. Experimental design for color phenomena of black rice anthocyanin in

ethanolic solutions.
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$IG AR
N S Y- ]

BRES FFEG BT AR (LB G B 3 ) T M ds
S (120°C, 40 & 48) $Hf Mbie 7 A F 2 GEAE R (W0 2007) 0 54 E R

GgaE Y (5009/& ) B —20°C A RE Y

BOF T F R E P2 e ) -1 B R A o o R E T o

=)
Sk
ﬂ}i
m’,\
]j <
[EEN

D3N FRTREFERF BEFEFHC ~ Fg (Whatman No. 1 filter
paper) » #-Flik A At o WL KK ITF R IR Ak SR TE T - 20°C

f;g’ll-o

Ji

Bk o5 R F B2 B ik 4R
WK TR Y £ R %2 (response surface methodology, RSM)» 14 /% 7% ¢ f% ik
B (X1 ~pHE (X2) 2 2@ PR (X3) 73 iTifid2 = e 1995 = 8= 1o &
Fld e gk L% (2 31) &3 15 BEs&kE FY ol 3 BEA(E
32 BH AL EEZ R T EFEEIFLR RN AT F
B i 2 g5 o H % % 11 SAS (tatistic analysis system) T g% X #c4 ¢ RSREG
(response surface regression) #%;%:& 7 & & w 4 #7 (Giovanni, 1983) » %% ¢ f%
ER (X1)~pH & (X2) 2 23 pFF (X3) 2% a i+ 272 (Y1)

FRY otk £dide™ 5|2 = $#c- X F38 508

Y = a0t arX1 + 2X2 + 5X3 + 012 XIX2 + 13XIX3 + 53X2X3 + 41 X1% + 399X 2% + 433X 3

(@77 &7 =% 2 (2dK)
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T 7R HA 47 (ANOVA) 118 3 e fF i (R 7 & & (lack of fit) &f
¥ﬁ‘ﬁﬂ$*ﬁﬁ1%ﬁﬁ%£%ﬂé%ﬁ@ﬁﬂﬁiﬁ%ﬁa,ﬁ%ﬁﬁz

W AR A R RS R Y 6 B R A TR A E

TR AR WA

FI* BEFWE % N 7 F 5P ~NaOH-HCI e il = 7 e 2 ARk & (10 % ~
20%~30%-40% % 50%) 2 pH3.75 7= &% #5%% /% (40 mg anthocyanin/L)
22k pH(1-2-3-4-5-6~7-8) 2 40%EtOH 2 7= % #i-5*/%7% (40mg

anthocyanin/L) -

I ARTIEFRR B4 g A

B F B HAREE 0 4 K 45mL dukd Y o G R ALY
SEFRS WAL BEE BT 25°C40°C {r 55°C i Y el
X IRk T BRI pedk B £ FR% (pH - differential method) (Fuleki

etal, 1968) #l<wicF % 7 & (B 3-2) -

A HENE A A AR &2

UK F AR K 8 4 e 15mL dkd FTY o g AR S AT RS

5

¥3 % R WhOBAS  BF 25°C-40°C 4o 55°C w4 ki
T RPRER D PPN BRRFEFPFE N T Ao B FE L
SN 2R ER o A 4TIE P S # 2 f#4p % (degradation index)

Hunter’sL,a,b & ~ 2 A &4 ~ ¢ F % & (colorintensity) ~ 42 & (chroma) ~ =3

4 4] i& (anthocyanin patterns) % (@] 3-2) -
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Table 3-1. Process variables and levels in the three variables - three levels response

surface design

Coded-variable level

Variable Symbol -1 0 1
Ethanol (vol. %) X1 50 70 90
pH X2 1 2 3

Time (hr) X3 6 21 36
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Table 3-2. Three variables-three levels of rotatability central composite design

arrangement.
Response value Code value
Runs Ethanol pH Time X1 X2 X3
(vol. %) (hr)
1 50 1 21 -1 -1 0
2 90 1 21 1 -1 0
3 70 1 36 0 -1 1
4 70 1 6 0 -1 -1
5 50 2 36 -1 0 1
6 90 2 36 1 0 1
7 90 2 6 1 0 -1
8 50 2 6 -1 0 -1
9 70 2 21 0 0 0
10 70 2 21 0 0 0
11 70 2 21 0 0 0
12 50 3 21 -1 1 0
13 90 3 21 1 1 0
14 70 3 36 0 1 1
15 70 3 6 0 1 -1
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A8 o
-~ pH fé‘_
F1* pH meter (Hi 9017 Microprocessor pH Meter, HANNA Instruments,

Singapore) *t % 8 TR T

- ~ &1+ % 7 £ 417 (total anthocyanin content analysis)

% P& Fuleki et al. (1968) ¢fidk B £ §f/2 T 4 10 ig 2z o

pH 1.0 buffer : 0.2 N KCI - 0.2 N HCI (25 : 67, v/v)
pH 4.5 buffer : 1 N sodium acetate — 1 N HCI — water (100 : 60 : 90, v/v/v)
(=) HFiF> 2

FRIR SIS (5 BoA B 25mL b iR U B R Rl AR A K
pH> & -73% pH & 10 ¥ - 37k 5 pHAS > 3 iR w1 e %L KRl
H A 520nm ki o 7 A (pH1.0) & Ay (pHA45) - g T A 2R EER
Pz R+ 4 7€ (mg/100mL) :

[ (AxF1—AxxF,) x1000/VxMw]

€
F:apfas (FL:50mL; Ryt 25mL)
Mw : i=4 % 4 =+ & 1 cyanidin-3-glucoside (484 g/mol) 3+ &
g TF 32 ¥ w ok ik (2.96x10%

VoS A (25mL)
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=~ 9§ % A f3d4p 8cp) T (degradation index - f§ £ DI)
Pk gif B o0 A Rk R 2 (UV/VIS 8500 double-beam spectrophotometer,
LabAlliance) #|F 4 & 420nm % 520nm z w3 k@ > d Ayl Asyo 117 DI & >

& 7§ % A f#dp 8 (Sistrunk and Gascoigne, 1983) -

.~ k3¥ A 45 (spectrum analysis)
&1 sk Sk & 2 (UV/VIS 8500 double-beam spectrophotometer, LabAlliance)

wEFkEF A0 BT H A& 380-700nm z ek Tk o

I~¢FAY

f1* ¢ % ik (Model TC-1500 DX color and color difference meter, Tokyo,
Denshoku Co., LTD., Tokyo, Japan) iB| %tk & 2. Hunter’sL,a,b & o 5 & ;&% o
4 X:9085-Y:9285-272:10312- (L: % +%%,100 5% ;+a: &7

IR -al AT BI R +b I ATE IR D ATES R)

= ~ 42/& (chroma)
fl* & Likplesd 25835 Chroma= @+b)"* 74 o 1R 7 45 1 Py

B B AR R B BARS AR S ARE befrd

= ~ ¢ E% A (color density)

%% Wrolstad (1976) 2 & i o ¥ S0 4 FRE R E45 (6> A k%R
SRR 4200m 700 nM st A% ek £ 2R 0 T A SRR S
FHA

Color density = (Axmax— A700) + (Ag20— Avoo)

N

AT AT Rk A ERAR 0 F S RRAARE 0 A AR BRE

e
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A~ 53 4 Al &) % (anthocyanin patterns analysis)

FETHEE 45 24 B Asp T Aacete ¥ B % 2mL 4c ~ 160 pl 5% SO,

(WIV) > Bl Aszo T Asoz o ¥ #F B B 4RBITCF RS2 Assonm T Aext o BT 2
Bok g g d T ol B R 4F copigmented ~ monomeric % polymeric = & 2
B A

% copigment=[(Aacet— Aext)/Aacet] x 100

% monomeric=[(Aext— Asoz)/Aacet] x 100

% polymeric =[Asoz/Aacet] x 100

1 ~ B psug it & (total phenol content analysis)

%+ Satoetal (1996) 2. ;23 g4 o B~ 100 ul &2 % FiEA (50—
800 ug/mL) 2 gallic acid % % #-2 5> 4 » 400 uL ¢ 7.5 % NayCO;z i3 % iR & 32
3 »f 4 » 500 pL Folin & Ciocalteu’s phenol reagent &=#F R &> B T# & 30 »
15 0 A KERIZHRBIAE 760Nnm T 2wk E o PR R Sk iE A A R
Bo Renp fFo 42587 > @B X FAHREY o1y gallicacid 2 i grakid

o

3 RAREYTTABHEC LS TR

2
e

-+ ~DPPH § d f—tk;)%% it # /gl =_ (DPPH radical scavenging activity)

%+ Blois (1958) 2. = j£ 3 i3 4F o B3 ik B (31.25- 125 uM) 2 it 374
& ascorbicacid 2 200 uL & > & B4 » 200 pb e @ 0 150 uM DPPH
(1,1-diphenyl-2-picrylhydrazyl) ¢ fgiai% > T o> 2 # % 30 A4 A kX
BRI E BI7Tnm T2wmckiEe e k@ g M A S if s DPPH pd g2
g TR kL R Lnd e
DPPH # o fifi5 5 (%) =[1— (I & Asl % i e &2 17412 59 As7)] x 100
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L - My i 4 Pl = (trolox equivalent antioxidant capacity; TEAC)

%+ Milleretal. (1993) #r4% d1¢03 2 3 g 4F - 12 PBS el ABTS &+
Bk (L sp ABTS % potassium persulphate k& 4 % 52 7mM £ 245mM) 7
IR ONFRENRIZFR L6 IF (FPAHFII 2 E) REAL X T
F%d 2 ABTS BB+ id AloRisE 1 40% ¢ MfFflr s &5 an LRt
734nm Tz wkiE i 075 £ 0.05 ¢ ABTS' &3 3% o B~ 100 uL # 58 7
EE (03-12mM) z & 5. Trolox ¢ @& » 4 » 2mLABTS 33 3% »
HMGBEEFR 6 A4 A LLRZIEBIAE 734nm T 2wk kb E o MpIIR iR
Foes K E O R S S A2 0 B 4R T Trolox (MM) 2 R R -

¥ RS S L LR SR L R RSy
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28 FHARZ KBS
N Lk

R % mﬁg d  SAS (statistical analysis system) z_ & K #ic & 7 % > A 47
(the analysis of variance, ANOVA) £ g5+ ;% % %% 4~ 7 (Duncan’s multiple range

test) ¥ #uk L B0 1 p<O05 AEHFLE -

“r3 B2, % 4 Sigmaplot 10.0 #ct8+ 5§ -
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Fri 2%

¥ -

H

ME RE 6z (RSM) F#FF P2 Bif iF it

AFHVZRE R FFHEAE AT RE LR @GiEEER WG
PRk ~pHEZ2 AR S F Rl LREEHATHEBZRAT T F7 2404
4-1 %751 > @ {802 Bt g8 SAS (statistic analysis system) ® 3 RSREG (response
surface regression) #2:%i& {7 5 o & 4 17 o ik fFA 4T E 2 B % 0 ROT A2

Bl 5 AR

Jit

Total anthocyanin (mg/100 mL) =
33.407 - 6.952 X1 - 3.109375 X2 + 3.237375 X3 - 0.665 X1X2 + 8.1155 X1X3

- 0.63775 X2X3 - 5.017625 X1+ 9.054625 X22- 3.911375 X3?

Bl 4-1(A) 2 4-1C) 2 EFAFA MM o BRRAE PHEHATFT R 227 1
WG B HREMTERAERY 6 RAT 21 2 36 [ EF AN E

FTREPHNLIR > FarcE LTI 5 3R 4 BT 6 Bg;)j; N
BE? ARA i F RPN R RN T F AR Ponk R am R T o E kM

Ak Mee iz 1:3(g/mL) b3t R T

)q\v

F 6 P Y eERER S 632-

644% pHiE s 1.78-1.88 > sph v FI| % k¥ v+ % 7 £ 43.27-45.35mg/100

mL -
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Table 4-1. The change of total anthocyanin content with various soaking conditions

RUNS Ethanol oH Time Anthocyanins
(vol. %) (hr) (mg/100 mL)

1 50 1 21 37.70 + 0.82"
2 90 1 21 28.90 + 0.75°
3 70 1 36 42.50 + 1.06°
4 70 1 6 43.50 + 0.87°
5 50 2 36 36.90 + 0.81°
6 90 2 36 25.80 + 0.66°
7 90 2 6 0.43 +4.91f
8 50 2 6 38.03 + 0.80"
9 70 2 21 35.90 + 0.50°
10 70 2 21 37.30 + 0.35"
11 70 2 21 37.60 + 0.64
12 50 3 21 36.20 + 0.87°
13 90 3 21 25.10 + 1.25°
14 70 3 36 32.10 + 1.20°
15 70 3 6 36.00 + 1.37°

T letters within the same column differed significantly (p < 0.05)
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Bl4-1(A). =F 6 | FREeHBERSRKEHAT T 27 E22F &Y o B -
Fig. 4-1(A). The response surface plot for total anthocyanins at various ethanol

concentrations and pH values after soaking for 6 hours.
[X = alcohol content (vol. %), Y = pH value, Z = total anthocyanins (mg/100 mL)]
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60

55
10™%, *

(>~ (

B 4-1(B). &id 21 [P AR LBKEHATF A E2F v 5 B -
Fig. 4-1(B). The response surface plot for total anthocyanins at various ethanol

concentrations and pH values after soaking for 21 hours.
[X = alcohol content (vol. %), Y = pH value, Z = total anthocyanins (mg/100 mL)]

46



70
65

60

55 1
10w

Bl 4-1(C). =% PP BIER BRI EHATF R I ELF BY 5
Fig. 4-1(C). The response surface plot for total anthocyanins at various ethanol

concentrations and pH values after soaking for 36 hours.
[X = alcohol content (vol. %), Y = pH value, Z = total anthocyanins (mg/100 mL)]
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¥
o

Bod W RAERITEF R A9 S 1Bt AR BT dp 4 i S
CHRRF A SRR T A LR o i B B F i ¥ B (rate
constant, k) ~ & % # (Ty) & F /& it i (activation energy, Ea) » # 7 f& - %%
Pk RT ERARY RO o

*F %y RSM 3%k K 32 Sigif % (63.8% EtOH, pH 1.83,6 hr) #7352~
Erai ey i ANpREAT e BERZ W R HB R (10%~20% ~ 30
% ~ 40 % ~ 50 % EtOH, pH 3.75, 40 mg black rice anthocyanin/L) » #£3% > 55°C i&
Pk BREBEY LT R maR?y LBFR-B 42 32 FeRER
ZRFEWSNBREF B5°C T 01 10 AT EATIR ) FRESE
o EFRABET DR AT 27 2R  RTIEFCMERDIF
AR ARIEAGFOMERDER A B FRT T EAPHIERD A
Wi 2 F RPFR ITH > 17— 24 (B 4-3) Flptdapl e 10-50% o fg Vi3
¥ oA TEF F 2R - B F i (first-order reaction) o P W G 3 A 3 4R 4y
MfE g Eokdp kAP ek 2t - Bk & (Cemerog lu et al., 1994; Mateus et al.,
2001; Garzo netal., 2002) @ ** 2 fig k %@ 7 3t - &k & (Markakis, 1982; Tseng,

2006; Hsiao, 2011) » & Sken % &2 F i 2 }?&ﬁ il o
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100

80 -

60

Anthocyanin retention (%)

40 A

10% EtOH
o 20% EtOH
———w-——  30% EtOH
20 — —A — - 40% EtOH
— —m —  50% EtOH

0 T T T T T T

0 20 40 60 80 100 120

Incubation time (hr)
Bl 4-2. % K i5F 200 BiER g 2 AT F R
Fig. 4-2. The retention of black rice anthocyanin in ethanolic solutions (pH 3.75) during

incubation at 55 °C.
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Ln(C,/C,,)

® 10% EtOH
-1214 o 20% EtoH
14 v 30% EtOH
' A 40% EtOH
16 4 B 50% EtOH
—— Plot 1 Regr
_1.8 T T T T T T
0 20 40 60 80 100 120

Incubation time (hr)

Bl4-3. %Ay E e B Bk - B fEF b4 § o
Fig. 4-3. The first-order kinetics plots for the degradation of black rice anthocyanin in

ethanolic solutions (pH 3.75) during incubation at 55 °C.
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S EFERES BRI EF RE SV K
(-) THFEESARN IR BERZEAF S F K

Bl 4-4(A) & 4-4(E) 5 * ko Rk R 2 HN 3R 256°C 2 40°C & 55
C2HEATFAATIRN o AR T BFERRFTFAAT A
Mo AT F AL IRT 2 RA-5F 5 BT FERTHELTF A4
HE R ARE S F BT AR @D S AL R L
W #c (rate constant, k) » 4-] 4-5(A) & 4-5(E) - F A FAx% > L7 kAkx o @
TR EfRL AR o

dF %% Far, 10-50 % e FERCR AR B5°C SR REE T 0 T F &
EREF i 5 W i 40°C 2 25°C PR R 0 ATIRAARB T R EfEARE A

MEARAABERASFER G R Ao R R LG RE B R 0 1 s

AN

T G/ T A SR B S ot B R g H 97 B % % 4p i (Adams, 1973;
Palamidis and Markakis, 1975; Cao, 2009) - &7 # & £ R - 2% - B £
£ ¥+ o

042 BT o HSNIARN A R REEEART o ¢ R S REET BARR 2 K
EHITF R EBRET AL BE > L 55°C 2 40°C P EfRF R SV BEF L
fkRE#F AR (50 % EtOH < 40 % EtOH < 30 % EtOH < 20 % EtOH < 10 %
EtOH); @ % 25°C p > Pl E g ¥ ¢ ARk R B @ 5 4 (50 % EtOH > 30 % EtOH >
10 % EtOH) - Bronnum-Hansen et al. (1985) 5 ! elderberry =4 % (55 °C,pH 3.0)
AEF KR RE o A @ R FOREALTIE 05 M B foF R TEfR
{ 4P & - Garzonetal. (2001) 4 ¥ #8558 5 %2 (25°C, pH 3.4) #P >
pelargonidin-3-glucoside - pelargonidin-3-sophoroside % H figit /74 ¢ % 2_ "% fF:#
BEF R F A H e o L pringm Y 2 55 °C 2 40°C pFe fEiicsiip

BT AT RO R SRR AR EFREERE > A B TTT R
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"% f# - Tseng (2006) 4 i % ¢ FRcsS kst (95°C,pH35) =i T 8 § -7 %

S fRE FOEF R ELE Mo B4 0 R 25°C PR BN BN
FF el FF B ABTAR R > R OREEE N T A RE S o R E
%

 RRRE L RRERDEEBERT N FICT R AN

5]

a

Y=
o
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Fig. 4-4. The retention of black rice anthocyanin in ethanolic model solutions (pH 3.75)
containing (A) 10 % EtOH, (B) 20 % EtOH, (C) 30 % EtOH, (D) 40 % EtOH, and

(E) 50 % EtOH.
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Fig. 4-5. Effect of ethanol concentration on the degradation rate of black rice
anthocyanin in the model solution (pH 3.75) containing (A) 10 % EtOH,

(B) 20 % EtOH, (C) 30 % EtOH, (D) 40 % EtOH, and (E) 50 % EtOH.
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2 F it ae (Ea) 2 B 58
Table 4-2. Effect of ethanol concentration on the degradation rate constant (k), half-life

(T12) and activation energy (Ea) of anthocyanins in ACN model solution (pH 3.75)

Ethanol
concentration Temperature Rate constant Tie Ea

(%) (°C) (day™) (day) (kcal/mol)
25 0.004 + 0.000°  184.43 + 15.26°

10 40 0.060 + 0.002*  11.45 + 0.45¢ 29.93 + 3.37°
55 0.233 + 0.003? 2.97 + 0.08°
25 0.007 + 0.000°  93.02 + 8.56"

20 40 0.045 + 0.002°  15.31+ 0.84° 19.17 + 3.27°
55 0.143 + 0.007" 4.84 + 0.44°
25 0.007 + 0.000°  88.38 + 6.72°

30 40 0.043+0.002° 1579+ 0.91° 20.97 + 3.36°
55 0.121 + 0.008° 5.73 + 0.51°
25 0.010 + 0.000*  67.06 + 1.02°

40 40 0.036 + 0.001°  18.92 + 0.82° 15.19 + 3.36°
55 0.095 + 0.002° 7.26+0.19°
25 0.010 + 0.000*  66.35 + 6.25°

50 40 0.027 £ 0.002" 2521 +2.13° 17.08 + 3.90°
55 0.069 + 0.003°  10.07 + 0.33°

55

¢ letters within the same column differed significantly (p <0.05)
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B 4-6 27 pHE2 58 3 R G 55°C 2 5K EF ARG IR - F
Bei% o b pH10 * 55°C HBE TRy 10 2 EFEFENERT I RE 90
%; & pH20-60 B F ¥ 60-70% =+ :m pH7.0-80" % #7 = % 50 %
ey 72 FapH EAAR T 2ATIAAM > a pHL0 7 g »cikd vy
FiH A ARBEE

d B 4-7 @0 REAF T L ERRF RiE S Y B (rate constant, k) o F AL &

AR > AT EfEF R XV BARS > @ o F FEfEL AP o & 43 Kor o pH L0
-1
Z W F AR RAERS B X W ks 0007day ¥ pH EHR B I

8.0 % 25 it 3 F BAH 41 0102day Wi pH @RS 0 15F A fRen
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Anthocyanin retention (%)

Incubation time (day)
Bl4-6.pH EHE N ZRP KA TF 2RTFLPE -
Fig. 4-6. The retention of black rice anthocyanin for pH 1 — 8 ethanolic model solutions

(40 % EtOH).
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Fig. 4-7. Effect of pH value on the degradation rate of black rice anthocyanin in

ethanolic model solutions (40 % EtOH).
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Table 4-3. Effect of pH value on the degradation rate constant (k) and half-life (Ty,,)

of anthocyanin in ACN model solution (40 % EtOH)

pH Rate constant Ti
(day™) (day)
1 0.007 + 0.000° 99.78 + 1.40°
2 0.027 + 0.001" 25.88 + 1.01°
3 0.034 + 0.001° 20.69 + 0.89°
4 0.059 + 0.002° 11.74 + 0.46°
5 0.051 + 0.003¢ 13.49 + 0.79°
6 0.062 + 0.002° 11.18 + 0.38°
7 0.082 + 0.002° 8.47 + 0.24"
8 0.102 + 0.001° 6.76 + 0.07°

9 letters within the same column differed significantly (p <0.05)
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ZEFERESNBRLLRDEF R
(-) FFEEARR AP BERZ LR HF BE A

LR ELF P ERRLRAER - LT R o F L RYAEL > AT R
Jed s faenid FAsM o d A 42 hREEAI R BER NN TFEHS AR
a3t 25°C~40°C 2 55°C prenX 4 > & w5 2.97 - 184 day (10 % EtOH) -
4.84 —93.0 day (20 % EtOH) ~ 5.73 — 88.4 day (30 % EtOH) ~ 7.26 — 67.1 day (40 %
EtOH) ~ 10.1 - 66.4 day (50 % EtOH) » 258 B X3 » L ke o & L F K 3
APEAE PR BB R PR ER B S ¥ e R 2 Tl
B WrEfEF i S ¥ PP A (Ink) X2 F R AR bl (UT) e fFefF
s » ¥ {8 Arrhenius equation (] 4-8) - %ﬁ“c} BN A% (-Ea/R) vy O
FE Aok RRN AR F A (keal/mol) (4o 4-2)> 4 w5 29.93
(10 % EtOH) ~19.17 (20 % EtOH) ~ 20.97 (30 % EtOH) ~ 15.19 (40 % EtOH) -~ 17.08 (50

% EtOH) -

() TFERSBRAR pHEZ 2 Y
# 4-3 Bm 3 pH B2 %K 15 & AR R AT 55°C pend %4 - pH

PR G ERE RO R e PHL0 LA TF AR L X R 5 098

da‘y ’ Klzf%k pH f_gi‘#%‘:g i 8.0 £ %g}; E'Jzﬁfii 6.76 day , #Bﬁi—l—r . ’f‘:'ﬂi%fﬁf

NBRNAR pH Tt Rdhget plg L 148 & o
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Fig. 4-8. Arrhenius plots of black rice anthocyanin content in ethanolic model solutions

(pH 3.75).
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Fig. 4-9. Effect of ethanol concentration on the UV-Visible spectra in black rice

anthocyanin model solutions (pH 3.75).
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Fig. 4-10. Effect of pH value on the UV-Visible spectra in black rice anthocyanin model

solutions (40 % EtOH).
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e (Ribereau-Gayon, 1982; Asenstorfer et al., 2003) - & ¢ fR k& 7™ § & v 7 % 2
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(Gutierrezz, 2003; Tseng et al., 2006) -
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PR dea o A 0 ad BRAAES  REFRST RRARTE > FA
# B FpR P & R - Gutierrez (2005) 4p RGBT FpR R R A 4 0 1 & LT
mOEpR T SRR TR S e

AERAFNBRDEI R BT EFDIET M O KERZETAREI R
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B g B ESA R 25°C~40°C # 55°C w2 i ¥ ¥ Hunter’sa &% i
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Fig. 4-11. Effect of ethanol concentration on the Hunter’s L, a, b values in black rice

anthocyanin model solutions (pH 3.75).
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Fig. 4-12. Effect of ethanol concentration on the Hunter’s L value of pH 3.75 black rice

anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-13. Effect of ethanol concentration on the Hunter’s a value of pH 3.75 black rice

anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-14. Effect of ethanol concentration on the Hunter’s b value of pH 3.75 black rice

anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-15. Hunter’s L, a, b values in black rice anthocyanin model solution at different

pH values (40 % EtOH).
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Fig. 4-16. Color of the ethanolic model solution of black rice anthocyanin in pH 1 -8

(40 % EtOH).
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Fig. 4-17. Effect of ethanol concentration on the degradation index of pH 3.75 black

rice anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-18. Effect of pH value on the degradation index of 40 % EtOH black rice

anthocyanin model solution during incubation at 55 °C.
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Fig. 4-19. Effect of ethanol concentration on the color density of pH 3.75 black rice

anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-20. Effect of pH value on the color density of 40 % EtOH black rice anthocyanin

model solution during incubation at 55 °C.
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Fig. 4-21. Effect of ethanol concentration on the chroma of pH 3.75 black rice

anthocyanin model solution during incubation at (A) 25 °C, (B) 40 °C, (C) 55 °C.
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Fig. 4-22. Effect of pH value on the chroma of 40 % EtOH black rice anthocyanin

model solution during incubation at 55 °C.
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44 CRBESARYHEPFRCT R EL LI AR AP
Table 4-4. The correlation between total anthocyanin content and color phenomenon in

ethanolic model solution during incubation at 55 °C

Total Hunter’s Hunter’s Hunter’s DI Color
anthocyanin L a b density

Hunter’s L -0.997
Hunter’s a 0.907**  -0.881
Hunter’s b -0.998**  0.999 -0.882

Dl -0.953***  0.935*** -0.991*** (0.935***
Color density ~ 0.998***  -0.997*** 0.881*** -0.998***  -0.933***
Chroma 0.305 -0.253 0.672*** -0.247***  -0.569*** 0.251***

** *** 1 p<0.01and 0.001, respectively
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-~ 3k pHEF HFH B R B4y i

ABTS" i - f4& % p & £ > 3>t phosphate-buffered saline (PBS) # % &%
§ 0% 7340m T X fok o F4RF g~ 15 gk ABTST A d itk
BT oo wock AR PF %frﬁiw,ﬁi“f pod a4 A% o — 4w trolox equivalent
antioxidant capacity (TEAC) * % -7 %423 it it 4 » k& ¥ 2 TEAC kR (mM)
ARB 0 AT A TR Lac 4 A% o & 45 Br 2 B pH EE K T RGNS
R BFE a4 o BB EET 0 BB pH3.0-6.0 g a4 R

F o 55 1.145-1.158 mM Trolox -

Z 3k pHEF A #5452 DPPH a4 E,gi—nf

DPPH p d A2 Agiz > 517 nm jaf Sfad o 55 d g B4t ik end
FHRHEBRIEELEE TE ARk EARMA T & DPPH p o Ztkmi—ﬂf > 4
(DPPH radical scavenging activity) 4%ss o % 4-5 &7 7 I pH &% & =7 & #3°
iz DPPH fd Aifrgivd o F %557 > 543> pH3.0-8.0 @p o
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Table. 4-5. The patterns and antioxidant capacity of black rice anthocyanin for pH 1 - 8

ethanolic model solutions

H val Monomer Polymer TEAC* DPPH

value

P (%) (%) (mM) (%)
1 1.44 + 0.299 95.70 + 2.79° 0.827 + 0.018° 96.07 + 1.79°
2 27.38 + 1.87° 72.08 + 1.65°°  1.095 + 0.014° 95.04 + 0.98°
3 31.03 + 1.89° 69.04 + 1.39%  1.145 + 0.006° 97.77 + 2.23®
4 34.24 + 1.46° 67.65 + 1.60¢ 1.153 + 0.003? 09.26 + 1.58
5 27.92 + 2.21f 74.73 + 1.96° 1.157 + 0.002? 99.86 + 1.26™
6 41.60 + 2.54° 63.83 + 3.46° 1.158 + 0.002? 99.47 + 1.63™®
7 4534 + 1.37° 57.36 + 2.44f 0.972 + 0.008¢ 99.65 + 0.98
8 49.64 + 1.44° 52.68 + 1.44° 0.996 + 0.015° 99.14 + 4.19°

“Trolox equivalent antioxidant capacity

%9 letters within the same column differed significantly (p <0.05)
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