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Production of high anthocyanins beverage from dark color hulled rice
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ABSTRACT

Physical and chemical properties of dark brown rice with 3 varieties as black glutinous rice
varieties, Black horm nin and Sang yod were studied. The glutinous rice has high anthocyanins
than other varieties so this variety was selected. Optimization of extraction of black glutinous
rice with water and citric acid was temperature 30-46°C, shaking (speed 180 strokes/uni) 15
minutes with 1:2 of rice: water by weight and 0-0.1% of concentration of citric acid. The
optimum condition of glutinous rice extract with the enzyme amylase was the temperature of
70.33° C with shaking at (speed 83 strokes/min) 39.47 min and enzyme concentration of 0.01%
of the volume of water and 6 of pH of water, the amount of rice: water was kept constant at 1:
2. The developing beverage of rice from enzyme extraction were 65% rice extraction, 20%
pandan extraction (10%) 15%syrup (36% sucrose) in 220 ml tall glass bottle. The product can
be collected not over than 4 months at room temperature but the anthocyanins content were

decreased.
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A1519% 3. Box-behnken design for experimental run with different combination of variables.

Coded values AN939
dweaes X1 X2 X3 X4 gumgll  nan ANUTUTUYDS pH
(°C) (w9) vl (%)
1 1 1 0 0 95 90 0.06 6
2 0 1 0 -1 75 90 0.06 5
3 11 0 0 55 90 0.06 6
4 0 0 0 0 75 60 0.06 6
5 0 -1 -1 0 75 30 0.01 6
6 1 0 -1 0 95 60 0.01 6
7 1 0 0 -1 95 60 0.06 5
8 0 0 0 0 75 60 0.06 6
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9 0 0 1 -1 75 60 0.11 5
10 0 0 -1 1 75 60 0.01 7
11 1 0 0 1 95 60 0.06 7
12 0 1 -1 0 75 90 0.01 6
13 0 0 0 0 75 60 0.06 6
14 0 0 -1 -1 75 60 0.01 5
15 1 0 1 0 95 60 0.11 6
16 -1 0 -1 0 55 60 0.01 6
17 -1 0 0 1 55 60 0.06 7
18 0 -1 0 -1 75 30 0.06 5
19 0 -1 1 0 75 30 0.11 6
20 -1 -1 0 0 55 30 0.06 6
21 1 -1 0 0 95 30 0.06 6
22 0 1 1 0 75 90 0.11 6
23 -1 0 1 0 55 60 0.11 6
24 0 0 1 1 75 60 0.11 7
25 0 1 0 1 75 90 0.06 7
26 0 -1 0 1 75 30 0.06 7
27 -1 0 0 -1 55 60 0.06 5
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% Y3184 monomeric anthocyanin pigment (mg/l) = A* MW * DF *1000

e
A = Difference of Absorbance at pH 1 Wag pH 4.5

(ADS 5130m = ADS 700nm) PH 1 - (ADS 51370 — ADS 7000m) PH 4.5
DF = Dilution Factor =13.5
MW = molecular weight cyanidin-3-glucoside (449.2)

€ = molar absorptivity (26900 /mol.cm)
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iVt woulnlweniug’ Cyanidin-3- glucoside  Usunueglulaa %
(mg /100g) chloride (mg)/100g ?

witlee 348.98 157.86 1.54

VRIG 19.62 10.33 11.29

deiven Not detect 9.3 8.97

1 @ipeetl wagllAszineg spectrophotometer
2 anaemei dagliasiziee HPLC (Bluniaruan)
9] A Yo 9 1 a A o S Y |
toyailadslaileusunaueulnlegudianue szldiain lnsnmsauuaznsesiunseay
" 3 ~ = i o Y o= = o & a = A o e °
IRVt wifaunsaSeuisuluseninaiugles Seimileandvuagann Judeniusiiuh

Wuesesnusaly

2. nFSNABNSANANMNIZENAWULAZNTATATN
HANSENRARILEITAazANUNTA lduNISHaneUaueas A1 woulnlgeiud a1 TSS pH Usung
I a v d‘

warAd famnsne 7 Faduarundetold wmsieaA1 Lack-of-Fit liumnene wagAn R-Sq 1Au 70% A

M1597 8 warnudn Aeulnleenfiud danuduiusideuin AuAl pH wazU3ung Wity Tumisnei 9

A1397 7. The coefficients of regression equations fit for response variables.

AnUs woulnloetud TSS pH Jsums L a*

Al 267.7192 157125 598125 -1.5750  12.3538 -17.899
X1 7.476 -0.5300  0.01200 1.1867 -0.5887 0.613
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X2 1.990 -0.1789 0.00350 0.2943 -0.1426 0.613
X3 -140.533 1.3833 -5.13500 11.8042  66.0308 137.878
X1 X1 -0.104 0.0061 -0.00014  -0.0122  0.0068 -0.003
X2 X2 -0.130 0.0008 -0.00009 -0.0022  0.0064 0.009
X3 X3 -63.817 -1.6833 2.53500 1.2833 -6.3283 -34.328
X1 X2 0.011 0.0041 -0.00006 -0.0058  -0.0003 -0.017
X1 X3 1.227 0.0167 0.00167 -0.3183 -0.8300 -1.429
X2 X3 4.379 -0.0033 0.00567 -0.0333  -0.6043 -0.705
X 1 = Temperature X2 = Time X3 = Concentration
A58 8 A1 RSq eINaneuaLed
Fraus woulnlwerdud 1SS pH Usums X a*
R-Sq 70.41% 95.34% 99.89% 83.33%  96.58% 93.05%
R-Sq(pred) 0.00% 33.13% 99.03% 0.00% 88.37% 74.95%
R-Sq(ad)) 17.14% 86.95% 99.69% 53.32% 90.42% 80.55%
Lack-of-Fit(P) 0.184 0.174 0.671 0.13 0.976 0.969
AT 9 AuduRLSSTWINeRHanEUALDY
An* L* a* b* c* h* pH TSS V*¥*

An 1

L* -0.4238 1

a* -0.3165 0.9508 1

b* -0.4268 0.9952 0.9571 1

c* -0.3502 0.9707 0.9968 0.9770 1

h* -0.0502 0.3330 0.1849 0.3254  0.2229 1

pH 0.5399  -0.5930 -0.7100  -0.6136 -0.6916 0.2445 1

TSS -0.3783  -0.3376 -0.3572  -0.3473 -0.3571 -0.5859 -0.1685 1
V 0.4766 0.3416 0.3595 0.3499  0.3605 0.3912 0.2349 -0.8685 1

An* oulnlaendud wag

V¥ = Y3u1ms (ml)
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Contour Plot of Anthocyanins vs Concentration, Temperature
10 Contour Plot of pH Value vs Concentration, Temperature
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3. NssuASNIsanaNmuzausleaulusiazluad

a1519fi 10. The coefficients of regression equations fit for response variables.

AanUs woulnloetud TSS Usums b*

ﬂlﬁﬂﬂ‘ﬁl 714.073%** 25.1667** 21.5000** -0.020000
X1 87.795 ** 9.8333%* -0.5417 0.184167*
X2 -53.051 ** -0.3750 -0.0083 0.021667
X3 30.336 0.2083 1.3500% 0.062500
X4 7.635 -0.5000 -0.2333 -0.071667
X1 X1 -350.126** -8.2708** -2.7000%** 0.705000%**
X2 X2 38.377 0.5417 0.8500 0.141250
X3 X3 -75.245%* 0.4167 -1.7375*% -0.002500
X4 X4 -3.244 0.1042 0.0125 0.003750
X1 X2 -56.553 0.8750 -1.6750 -0.167500
X1 X3 63.803* -0.5000 2.3750 0.047500
X1 X4 18.435 0.6250 0.3250 -0.012500
X2 X3 -31.976 -0.5000 -0.3750 0.047500
X2 X4 32.213 -0.5000 -0.1250 -0.050000
X3 X4 -27.802 -0.3750 0.0000 0.032500

X 1 = Temperature X2 = Time X3 = Concentration X4 = pH

** fszfutivdnAgy 0.01

waz* Nsyaune

[y

d1agy 0.05

o



M990 11 A"

R-Sq U9INanduUdAuDl

ATN-2-5(7)

(W1 10)

A3 woulnloenfiud 7SS U3uas b*
R-Sq 96.49% 98.14% 79.91% 80.30%
R-Sq (pred) 81.65% 90.97% 0.00% 0.00%
R-Sq (adj) 92.39% 95.96% 56.46% 57.31%
Lack-of-Fit (P) 0.563 0.778 0.267 0.109
Contour Plot of ins vs Time, Temp e Contour Plot of b* vs Time, Temperature
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AN 2 A a, b, c kay d wansruThsvsakaulnleedud, b* Color, TSS way USU1ns way e

Aansgouriuns  esdudueuleil 0.06% wag pH =6

nanisanameasazaelel laaunisnanauausIvad Al

woulnleedud A1 TSS pH Usung

warAdanie b* msizinand L* wag a* liudede damnsan 10 avvandiduafiudedals wsiy

Lack-of-Fit luan@ng uagAn R-Sq AU 70% A9e51991 11 21nAISHIMNUAIMNADUTIT AININT 2 WU

nsgauTiuiuYeIns I kaulnleefud b* Aveudanazateinld CBrix) kazuSu1ns Nenuutuues



AN-2-5(m)
(ML 11)
woulesl 0.06% wag pH =6 WuURAGR 3 90 Aa 1) 70.33 °C 13a1 39.47 U 2) 72.67°C 13an 47.24 Wil
way 3) 75.33°C 1381 55.14 w1dl 391 3 aqm‘fmﬁwmsmaaa 2 FlUUHLNTMAADS WUU CRD A
Wt 0.06% uaz pH =6 sEAUNITIUEN 180 strokes/unit Ik fams1eil 12 wudiusazqelvienlsl
sau Jadoneed 1 andAnwinsrz 1eamailivhan Anw13Bn1siven 3 sedu Ao 0 90 wag 180
strokes/un?t 11 2 SAlULKUNSNARDS WUU  CRD TdNa famns19l 13 wudn andnadd nisweliua
ey wasidosnifuiladedelinnm Seemnsadnvuultunisasundassnaneulnleeiudls
Ingldmslessimyuisesslsneusa (etudde, 2539) Tnglaitaiduiiufioneuauedlumenvo sz
Mg Fadusulssssued dall Vi, = 600.79+25.018 N -0.15 N 1595 fuiivunsauveensg
wen agvilildueulnlooniudgegn nsgvilaonsmeyius ves Vi Wisufu N wdalviniu 0

INTULNAUNSHDNIAT N 98lR 83.39

A15799 12 Volume (mU), TSS (°Brix) @ pH Aweulnlwedud (A, mg/1000g) ANE (L* a* b*) i

edndaiy (Anede TAndesuuninggiv)

9

LY

pialgfal Volume TSS pH A L* a¥ b*
1 30.00% 24.60% 6.16= 718.54% 0.14% 0.58% 0.08%
0.71° 0.28° 0.02° 51.14° 0.01° 011> o001
2 33.75% 25.10% 6.14% 862.81% 0.20% 0.64% 0.2t
177" 0.14° 0.04° 9.21° 0.04” 009" 002"
3 30.38%+ 2430t 6.13% 693.031 0.36% 1.72% 0.35%
1.94° 1.84° 0.07" 99.54° 0.02° 0.44° 0.13°

A15799 13 Volume (mU), TSS (°Brix) @ pH Aweulnlwedug (A, meg/1000g) A (L* a* b*) fins

WE (strokes/un) fnaiu (Aafe TAndesuuuinsgv)

13 Volume TSS pH A L* a* b*

L8N

0 34.00xt 23.90t 6.08% 939.50&  0.22% 0.95% -0.05%
0.2° 0.2" 0.03° 14.85° 0.02° 0.16° 0.19°

90 32.75% 20.90% 6.07t 1016.02  0.23% 1.04% -0.05%
0.4° 0.24° 0.04° 18.95" 0.03° 0.09° 0.020°

180 33.50% 25.30% 6.091 829.40f  0.14% 0.46x% -0.14%
0.4° 0.25° 0.05° 29.14° 0.04° 0.018" 0.29°

4. miﬁmmgmﬂﬂ?aeﬁ'u
eannnnsldeulssd IﬁmL.Lauimlszjmﬁuégaﬂ’jwmﬂ%’fwLLazﬂimnﬂUizmm 2 win Fedennsana
Tneldioules] Tunisviedesiu Tnsavarin 2 sou seuiiaes laldwulesl urlddwindufuadusn 1
ansazanefilguviuadesy TuNIITAILIEATINUNUNITVARBUY Mixture Design aginvuavauLws

1 1hafnd1 50-100 % Wduasalume (10%) 0-40% wazideuiimansie (36%) 10-20 %



ATN-2-5(7)

(11 12)
Jald 5 g0 A
gnsil 1 thafndn 80 % wadalume 0 % Yidouthmanse 20 %
ansil 2 thafadn 90 % Uadnluwe 0 % YiTeuthnansie 10 %
an3#l 3 dadndn 50 % vadalume 30 % dudexthmanse 20 %
gnsil 4 hafndn 50 % adaluee 40 % UnFenthmansie 10 %
ans?l 5 dadndn 65 % adaluime 20 % Udesnimanaie 15 %
Iemansnaaeunuin gauveugasi 5 indign uazldinzuuuUiunans s 14
M5l 14 MsUszdiudnsmnuveuTeadosi (MEAN £ Std deviation )
ansii 1 2 3 4 5
d 5.35%1.18" 5.17+1.07° 537%£1.12°  504%136" 5301136
nau a.77%1.18° 4.74%0.77° 5171099"  4.85%1.19°  5.07£1.19°
nawsd 4.83£1.00™ 4.914086 5.204077° 4571057 552%1.05°
ilodurl 5.3141.19" 5.04%1.22° 5524122° 5001087 5561087
PYRBOUTI  52330.99" 5.1920.90" 535+1.10°  496%1.17°  559%1.17°
vunewe  Aledenunuiueuiifiusefidnusineiu Sauendsiuissiutodiiey 0.05
mnieulssivdanisainansed 1 Tueuln 563 un/1000 0. (uuan) windsnadnased 2 liwuiae

d‘ a ! ! %/ a
Wesnnueulnleeniiudlinuseninuiou Gaysy uuy)

5. msAnwagmsiiuiigamglivieadum 4 weu

a

WNATOWNEATN 5 W 1UTIMUVIALTT UTIRToungaumngil 80- 90°  C gludefigaumngil 116°C 13an

9 Y

30 u¥ WisuWisuiaaumgil 121°C a1 15 Wil nansvegeuneUsgamdudanuinliwanaaiunn
anwaly F9pN3199 15 Fadeniameis@eniaumgil 116°C 13an 30 U1¥ Failaudu 83.54% Han1s

NAAOUNNUTTAMAUREVRUATRINN AABATEELIAN 4 LRDU Landlun1319¥ 16 WudgTuveutioad

a 6

wiewileweuidntosvintu unlinudunsiennsgdusd Ae liwu Clostridium Botulinum @9.8us

[ a

AP EUUDIDIMSNINTARN

o

A15199 15 N5USLEIUDNTIANNYIUTDLATBIANlUNNSETBs19TY (MEAN £ Std deviation )

RRIVRE Gl nau ndusa dofufa avumeuTy
116 °C 5.8211.18° 5.531+1.07° 5.65%1.12° 6.011.36° 5.71%1.36°

121 °C 5.59+1.18" 5.82+0.77° 5.7610.99° 5.82+1.19°  574%+1.19°




ATN-2-5(7)

(W1 13)

A15197 16 N1TUTEEIUTNTIPINLTEUTRNASIRLTUTENIN9NISIAU (MEAN £ Std deviation )

oud a nau nausd ioduia ANNYDUTIU
0 5.82%1.18" 5.531%1.07° 5.65%1.12° 6.0%f136°  571%1.36°
2 5.36+1.18" 5.0440.77° 5231+099"  550%1.19"  5.23+1.19°
4 5.29+1.18" 4.70%0.77° 51740.99°  485%1.19°  507%1.19

drudsinaueulvleeiudlufond 0 8 137.20 me/L ewdi 2 § 99.02 me/ L uaziiewdi 4
fl 8506 mg/ L uwaziiouil 6 1o 4.08 mg/ L Fianawnnmuadisu dauend waz pH lusnsad 16

wud A pH Wiasunlas uiaAdiAniuau vl fe Jdaa13u 9191liaan UAsewaansn w3

Ufiseeen@iadu (Zamora and Hidalgo, 2005 waz Francis, 2000d) W3IZHAASMUINANTOUED Lo

1%
o

vssgluvanuiala Faudeziuluiie saumvgiiiesUssuna 27-32°C uinenalasuuas Juiliididad

=] = d' d‘ ' <
13799 17 Ad ey pH “UEJ\‘iLﬂi@\‘I@iJIUi%WJ’Nﬂ’ﬁLﬂU

Laauﬁ L* a* b* c* h* pH

0o 4541099 14.35+1.00°0 6.90+1.11° 15924485  2568+23°  6.0242.3

b b

o 63111217 1663+1.22° 9.681098°  19.25+2.13°  30.214+1.99° 5.95+2.3°

a  882%0.95° 17.43%11.05° 13.4910.89" 22.04+2.10° 37.75+1.98" 5.88%2.3°

dyuuaziauanuy
ANNETMUZAUNISANAT IR ININIBU AL ANTATAENTATHSNNUINEN1ITTNUL AN A

QMM I 30-46 °C uar AITNTUYDINTA 0-0.1 % v0aani uagliawETisedy 180 strokes/
wit 15w leeliviiadsetiasdif 1: 2 anmgfunzauwesnsatadnmiedidede
wulesiozlaiaa fie gamgil 70.33 ° C wvgniisedu 83 strokes/undl Wt 39.47 unil  wag A
Wuduvoseuley 0.01 % vesUSmsih war pH 6 TnglduSinatnsethadii 1: 2 TnelduSunaue
Tnlendudinnninnsatadetiuaensadninun grariesiufinuseususnniian Ae thadad1ade

wulssl 659% théwadaluwme (109%) 20% dndeuthmansie (36%) 15%  WausIgluInLiMIge
YU 220 A, ansnsaniullininit 4 Weugumgiivies Japdeshudniiuie wanedunninbs

wdlvd wazasAnwnsussglundeaamszunaLuy UHT itelaliignuas wazenaasiinoulnlooniiud
widewntu msgldanuiougs srevnandu dunnitvdeannsatsnuussiiundesusiomnsdus

I [ I~ %
LU @998 LUunu



A9N-2-5(m)
(ML 14)

LaNEN531989
naslagwINg. 2547, AaAmelatuINIsTestRugdineningulssuiisuiuiuginuay

untnanil. NTUNNUMIUAT NTUBUNLE.

AN Bgﬂl,ﬁ'umzqa 2546 afin Iviouila” NamLLszmwuam{]igmwumaﬂ—i"m-ﬂizﬁw

wilsdeiunilvesy atiuTudundi 22 fueneu wih 7

U%Uuﬁai ﬁqué. 2542. U1ILAIVDY LAZUINIFIUNITUGN. ATINNUNIUAT NTENTIUNUATIEY
avnsal

fsun 1. 2564 d1andes wAnfasitiutn 1nsasnsudaaiugpanungsy nTEnes
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AARNUIN

N154A5129 Cyanidin-3- glucoside chloride (Kurananim Chloride) 1ag HPLC

1. Lm%mmimmgm Cyanidin-3- glucoside chloride 500 ppm.,1000 ppm 2500 ppm &g 5000
opm. U31nms 10 fadanseaetnndu deionize thansavanedilénsessas membrane filter wwm @
0.45 Im

2. et 1-2 n¥u avaelutindu 10 ml Yagnlvuiy welfaraedniueies Vortex mixer 1
wil afiansiegnadaeieies ultrasonic 15 Wil lwendewedes Vortex mixer 1 Wil fidlingnouuey
fuhansavangla  wwiessneweies Centrifuge 4500 rpm 20 WAl ANUBLVAILALINTOY MY
membrane filter W1 @ 0.45 Um

3. Wdmegedadiaies HPLC. ASsay 5L, temenuiiivesivinazaiey flow rate 0.9 faddns/

W% 19 ODS Hypersil particle size 5Um. ID 4.6 mm Length 250 mm \Ju Column Tmell Mobile
phase WU Acetronitrile : 5% Formic acid:tnd deionized ludnsndiu 25 :50:25 n59indiAveY
asazaneiilésne Diode array spectrophotometer detector finuemdy 520 nm laanlunns
weNUszan 8 Uil
4. M3 calibration cruve @sagagunsgIu Cyanidin-3- glucoside chloride
Tneldaudauduseauaie 0 ppm., 500 ppm.,1000 ppm. wag 2500 ppm 1w plot 1u calibration
graph dwsuliiflsumanududuvessognadilimsusel
5. MIATUANANTIN 1num59980U Linear calibration cruve 3Lﬂ§18ﬁ62};1 $339 recovery M9I360U
retention time ﬂ@ﬂaqiﬁmijﬁlﬁﬂéfaﬂaQIU%QQ%ﬁW%UWLLﬁ%ﬂﬁWLﬂ@JQ 1 % RSD ANWIAINNLLUEIUDINTT
PIGERR
6. N3AWIU (Calculation)

ANUNTY,ppm. = C*V1* 1000

Wt * V2

C = AmUdNTuYesEsInIgIUnoualaanns I (Hadniw)
V1 = Ysuesansavaneiiananaindiogng (1adans) Wt =thwminvesiiegn (nSu)

V2 = UsumsansazaneNasmymsad HPLC (Nadans)
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http://www.sciencedirect.com/science/journal/00236438
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