21

U

a d' d' Y
ONAIINASITHIVUNINYIVDI

Y Ax =2 9 A o & Y AmA g 3 Ao 1 A A vy '
GU1’JNﬁi'Jllﬂ\3GU’]')LWuﬂj@']lﬂum’nﬂulﬂﬂﬁulllaﬂaﬂ'] N NIDLAN LEJ?J‘I{‘imiJaﬂGluﬁ’Ju

= 1

A < 4 g & ' a
yosRuuanvudutetumaatuly arsanaazayldun wouTn leertiu (Chaudhary, 2003)

Y]

q
= g J a2 Aa Aa A
FalueslunguuedInailuea §303a10Ud

Y ~ = [ 1 = Q"' 1 9
wazuaun 1snu FIF1TANNANIUYNTADA U

: £ o : '
PUNADATE (antioxidant) @15nanaiignizaelunmsilesniulsadiesg dliaunguineyya
a = = 9 Aaa A o 1 % Y] Y A 1
pasy ImsAnyImavesdnNiTuaazddmonisgaduved luiuludu@eanszaisTay
= @ 1:9{1 Y 9 % 1 @ Y A ' Aa Y
S euneunUNIREIRIBT1ITAYII WU N1IZNITEAdUIBIdIaRaluNTEAIENAUT)
a9 1 1 Aa 9 Y = J I o gcu 1 o .
HAINAIUBININTLAMINAUVITAVIIDG 50 1TIFUA UBNIINUIINVINTEAVVDA reactive
oxygen species 1182 malondialdehyde (WAWAAUOINISINA lipid peroxidation) ﬁag_ﬂuﬁmm
1 Aa E) ~ Y = v AAa 1 Y a
nszamennuduaamsazanlulimnatios Tuvaz@eInuunInssumneiuoyyaddse
a ' A 2 o ' R
uaznanssuvouou lail superoxide dismutase IANFIVU tAZGINUITIAITIF0TH NS
\ . . . &2 d a ad o A
d@e@uY09 High Density Lipoprotein (HDL) &uilunaoadinosoaryianiuilse lewiluinon

J =) Y a
NITHYINAIY (1%, 2549)

2.1 MrandemwuEre 13 1H

Q

o w [ 1 1

J 1 L] ~ A =
damiierdiiugye 1l 1w Hudrmiierniianyuzgilsaoudieilon $1anldeniia

vhaduan T1ndeeldaiag Inarnaamaslszuna 363 nlansuao 15 Fatumtieasse lil
U

q

R 9y A o g’j’ A v o 1 Y a o Y
IINL‘]JM“U”I’J?JE‘TWM‘QW LiJE’NﬂWﬂGlG]‘I/IL‘]J‘L!LmaQGIJE’Nﬁ’”li@”luﬂigﬁalj’d@ﬁig (ﬁE}JIGIfEJ, 2552 uay

A, 2554) BN (2554) s1euNmieddae 19 lenarsueuInlseniiu 0.53+0.0

(2 =

Haansy/ Uaaansaoe1d Uais Iwanuea 0.9+0.0 Haansuunaan/ Uaaaninioe1e uazl
9

A21ua 18150 1UnN15 U0y Yad a2 1,1-diphenyl-2-picrylhydrazyl (DPPH) 56.19+1.5
wleidug dnamiiendiae I Ik 1dumssusesiugd1a1udl 2553 Tasnsumsdni nszning
inbAsuAzannIal (NqugueITednnald, 2553) msldlse Tewinndramiieadiae 1l 1l
Tagiudaiives windinsihdmileadige I lduiauinsendlsguilunda sauaineg

A 1 Yo 9 =\ o 1 v 1 dﬂ! = v 9y a
f’mlﬂiﬂﬁ/‘lNyjaﬂ111’?ﬂum13lﬂuﬂjﬂ1ﬂfﬂllullwu']ﬂsllu HINTANATITAIUDYUYADATSIN



22

Y] @

Y = o J 1 1 L] I I Y 4 Y = o 4
GlJ'I'JLWuEJ'Jﬂ'IWH‘EGHfJUlﬂJUlNHW%%lfl]l!’é]ﬂ'J‘ﬁ‘Vil!\i“Vl%5ﬁnﬂifﬂ%ﬂﬁ%hﬁfu%'lﬂﬂl']')tﬁuﬂ')ﬂﬁ/‘lu‘q

¥o 15 1n1a

Y a Y S o
2.2 f;ﬂ59]1‘1!?]‘1&&@6@13311—!%13!?11—!8]39“

Ay 3 Y a A d v a ' A ' 3
L‘(’Jf]?jllluaﬂéll13uﬁ1ﬁﬂlﬂuﬁ15ﬂ1uﬂuuﬁa@ﬁﬁﬁ@gﬁaWﬂ“ﬁuﬂ ﬁ?uuWﬂ%%Lﬂuﬁ’lﬁ

Y

v 4
lunguuesInalueadesaudearsuou Inleetiv uonaniidadilaiivduaziudwna lsiiu

2 Y a = = v Ay
Fuumsduoyyadasy lasliswazidoaniae l1il

2.2.1 Inaluea

g a o

3 ! a o '
Tnadueatluarsinuuinlusssumansis Antazwa ld Tassznuuinluedu
9 o =< 9 A o A 9 AaA . . as
Ha liasznaeds 39udeINNsIning1se91INE (Escribano-Bailon er al., 2004) ITn@iuea
[ I [ 1 A =} a 4 as < A o w
uiseaniti 2 ngulvgl) A nsalluean uazwarlueea TnaduealuasniunuImdiagy
= Ly S A Y [ 9y v 9 = = A
Taglignsauuaiiie Ahia dumsonauuazmsui samdesmsigauauialumsaais
2 A < ) ' 3 o a £ A & wa
auden Wuasdunsnenzswazaan1uau lafanngniveisnasaaen Fauduia
[ 1 o o I a
asnandeandesnuguantavesmsumsdueyyadasz (Tenwazanz, 2549)
¥
% o A o J
dyde (2552) Anwnanmdniuiesidvesmaldlulszalszmalne 8 viug laun

= o %

3 [ o J ] 1 = v
AHYIU HOUNTEAINT AIVUNYA Glf’f]h],ﬁlnlw NIIVLIA LM UBIUAITHE 96060 IHUYIANTUH 96025

o

~ o o =2 =2 = A 9 4
LRI UYINTHE 96044 i’mmmiﬁﬂmﬂimmiwaWuaaiumnwug

[

' = =
1081 FINITANY
1 9 =~ o @ ~ A A 9 = o [
WU DT I e 96044 Tf5ua Tnanueagage sosaaune NunteImsva 96025
%0 117 1H 91 MTe AT e 96060 F9UHeA HOUNTLAIIT NTINUTA LAZIINOIU FINAUNINDY
320.24, 280.15, 208.42, 84.43, 82.01, 80.44, 80.17 uag 58.89 Waan5u/100 NFUAIDYI
AU taznu asanandmilendisid 96044 Nanuaninlunmsmineyya
=~ . ~ 2 A Yy 9 o Yy ~aa A 2
952 DPPH 11nAga Fudoanuduiuyesssananniiidmnuyuanuainisnlunis

[

Y
19AoYYyadd sy DPPH guiiudie nazanuamisolunmsmdaeyya  2,2>-azino-bis (3-

g A g}/ a ] ]
NUIWDINN 8 %uﬂaqiumq

Do

o

. . . . +. 9 A o
ethylbenzthiazoline-6-sulphonic  acid) (ABTS ) U0 U1IUTNUT
0.22-0.10 Haa Juas/nSudoe1d

Choi er al. (2007) ANHINMUANUAVDIAITAIUOYYADATZVOIAITANAINT QYN
A A = Y a A 1 J A
vnriannylulszmennina suamsaveyyadaszned lunguueslnaiuea uazeas
9 a A [} U =3 14 a a A 1 a 9
AMueyyadaszneglunguueuai Isused tazIniud wunilsmnavesaisaiueyya
=

oasz nquinafuealivSnagengaludinie sesasnnedndd dawoludlFuaminy

A Aa o I % [] o o 1 =Y 1 4
733 uag 313 WaanNIN/ 100 NTUAIDYIN AUAIAUY ﬁ’Juﬂiiﬂﬂ!ﬂl@ﬁﬁﬁﬂ’cjlluﬂii‘ﬁu@ﬂﬂ



23

v 1] I
wownluauTea (102 Haan5u/ 100 n5ud10619) ImsAnyunuaNdIgnivesdIsamuoyya
daszaIna1fooyya DPPH 1A ABTS  anwdwnsolunmsdumsinasengiadulunsa
a X a d J a 1
laTuadn uag reducing power FIHANITIATIZHWD I ArsMuouyaddsz lud1awa
A o A .

uazd1Id@T scavenging capacity ANNENTa lumsamumsinaoyyadase lunsalaluadn

. ' £ a ~ 9 9 s o J a 3 v
LHae reducmg power /G;Nﬂ'J']ﬁ’]ﬁﬂ’]u@uya@ﬁﬁgﬂv\lﬂiumqjmqj VIIVTTLAY LLASDIVYT) Lﬂuﬂu

2.2.2 wouInlaeniiu
a I J 4 a
pouInlsoriiuiluaisdsenoulunquiarTiueed TaseadwvoaouInleoriiu
Y
Uszneuale ueuInlee1iidy  (anthocyanidin) ¥iseey lnalaunuiaanazue®a (acyl
X 1 4 ad aa §
group) Hadrmiaziinie lutinla weuInleeniauilaseaduidszneudledauniuey Is-
a Y a = a A < [}
1an (A) avnunuIuIeme 15 laadn (C) uazlinwidues Isnanvseo1niunyves
INONFA (methoxyl ,-OCH,) taz laasonda (hydroxyl, -OH) ¥1@09n 1 24 (B) (Castaneda-
H 4 1 g o o Aaa {
Ovando et al., 2009) 430N 2.1 WelinjveuiimamainiusznuuenInleeriiaun

o [] = Y Lﬂy 1 a
AMUS 3 1z 5 i5an Taseasetin u@uim"l%mu

Figure 2.1 Basic structure of anthocyanin

Source: Castaneda-Ovando et al. (2009)
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anannaiusznu arsnguueu In lseriulunserany lduinna 500 viia uaiwolu
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Vinagedusaainaviua 6 wiia laln pelargonidin (Pg), peonidin (Pn), cyanidin (Cy),
malvidin (Mv), petunidin (Pt) 148 delphinidin (Dp) FaHaNUUAnA1A LN Taseaianazsiuiu

1 a 1 % ] a PN
yoany leasendanseonntingvosiiaamu lo Tse, 01910 Tuauazusy Tud vumezhuinm
92 1nalAuNUANA19AY (Castaneda-Ovando et al., 2009) lasusuInlwertiuunazyiia

UANANAUNKY R, R,. 1ag R, 4azlmNsdodiiunuanaeni (13199 2.1)

Table 2.1 Type of anthocyanin with different substitute groups

Anthocyanin R, R, 5 vis-mas[nm]
Pelargonidin® H H H 520
Cyanidin* H OH H 535
Delphinidin* H OH OH 546
Peonidin* H OCH, H 532
Petunidin* H OCH, OH 543
Malvidin* H OCH, OCH, 542
Pelargonidin 3-glucoside Glc H H 516
Cyanidin 3-glucoside Glc OH H 530
Delphinidin 3-glucoside Glc OH OH 543
Peonidin 3-glucoside Glc OCH, H 536
Petunidin 3-glucoside Glc OCH, OH 546
Malvidin 3-glucoside Glc OCH, OCH, 546

* Anthocyanidins found in nature.

Source: Modified from Stintzing and Carle (2004)

o o Y ' A A Y A 1A .. .
dwisvmsIndnquuouInlsertiuinyludniddiulvg Ao cyanidin-3-glucoside
9
599091170 peonidin-3-glucoside  UBNIN Herany cyanidin-3-gentiobioside, cyanidin-3-
rhamnoside, cyanidin-3,5-diglucoside, cyanidin-3-rhamnoglucoside, malvidin-3-galactoside,

peonidin-3-rhamnoglucoside  4a¢ delphinidin ~ F¥evznuludSunaios uazludiarria
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) A A 1 [ A v 9 a a @
vwidSunawen In e iuniuana1any 9115190 2.2 WUNT1IVHA Suwon #415 51w
uouInlaeriiugila cyanidin-3-glucoside gaigamny 470 Hadniuae 100 NTUAI0E1
uazd1via Suwon #425 HuSuaueuInleeriiuatia peonidin-3- glucoside gaNgaMINY

40 Haan5uAD 100 NTUAIDYN (Ryu ef al., 1998; Escribano-Bailon et al., 2004)

Table 2.2 Anthocyanin content in pigment rices (mg of anthocyanin/100 g of grain)

Rice varieties Cyanidin-3-glucoside Peonidin-3- glucoside Total
Suwon #415 470 23 493
Kilimheugmi 240 26 266
Suwon #425 206 40 246
Heugjinmi 200 32 232
Sanghaehyeolla 50 5 55
Hongmi 30 6 36
Suwon #405 16 4 20
Suwon #420 10 n.d. 10
Jawangdo 10 t 10

Source: Ryu ef al. (1998); Escribano-Bailon ef al. (2004)

n.d.: not detected, t: trace

a o ' I
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milerduldenvnndsamalnauazdnadmondszmedu J15u18 cyanidin 3-glucoside

91101 137 uag 141 Yaansu/ 100 A5UAIDE19 AuaInY
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Figure 2.2 A possible mechanism of increased metal by cyanidin

Source: Miguel (2011)
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Figure 2.3 Proposed mechanism for the stabilization of the cyanidin semiquinone radical
(resonance)

Source: Miguel (2011); Castaneda-Ovando et al. (2009)
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Figure 2.4 The main four equilibrium forms of anthocyanin existing in aqueous media

Source: Rein (2005)



29

gaurind gungilinanonnuadiveey Inleeiy Tassaimsdendaty

v
a A

v Y H Y
Yoo In lee1iurzmMuIusznIemMsz UM s NYUHYIINLAIY (Rein, 2005) Hazlis18911
a =

ol cyanidin 3-glucoside (l@¥ cyaniding 3-rutinoside i]%ﬁ’mflﬁ”sﬁqmﬁﬂll 100 DA UEDLBYT

U

luasazarensaeou (pH 1-4) neagn1ziinas lulieondau (Adams, 1973; Mercadante and

Bobbio, 2008)

y ¥ A @

1 (%] (Y] =) g a %
H9eunsasimsaatealrveaou Inlseiiulmihdusunnaannduiug

A g ' A a 3 o a o s A X =
Moro fl]gl,‘WllHJu 2 1M maqmwQuslumimummwamﬂmmmumu 10 AU alsea

Y
£ A

(Maccarone et al., 1985) agmsaagadvouou In laeniivez gauieguvgi lunisuilsgil
K g LA = . Y a o Y

g9 NI nMIaeenue 41U pyrylium luTaseadrsveouInlyeniiniild

a { ] @ I g
wouIn lyentivnlasulieglugiues chalcone wazmsaasadveses Inalau itluaunsnyes
@ a a I v J

myaarwaIvesasueu Inlseniiu uazeranamsuandaio ueyWus coumarin 33009019

a o A a Aaaa a o & . " 4 a I

AN Ea1eal vsonal nse1weanes 15155 (polimerization) tazinaillua1sszno

waou'ld (Patras et al., 2010)

. _~OH
Hr T Or /L"Bj +
o e T ] . . ’O\’. ﬁ
| "“,LC/I Deglycosylation 1O [l"ﬁ“\-[ iy T S oH
[ 7 Toou Tﬁ = >
OH o
I s v zida o ) )
Pelargonidin-3-glucoside Pelargenidin (i Protocatechuic acid
o
CHO
CH
Phloroglucinaldehyde
CH
,J\rDH J H ﬁ\
. e Deglycosylation . |'s Cleavage ey
HO. .~ .0 B Deglycosylation O Bl Cleavage DS
| ALC |a|C j\ Y =
e e
T o-eu 7 Tow 4-hyd b ic acid
_hvdroxvhenzaic ac
OH OH ydroxybenzoic aci
Cyanidin-3-glucoside Cyanidin

Figure 2.5 Possible thermal degradation mechanism of two common anthocyanins

Source: Patras et al. (2010)
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Table 2.3 Ability of solvents anthocyanin extraction

Material Sovent Total anthocyanin Reference
Black currant 70% Methanol 6148.9 mg/ L Lapornik et al. (2005)
70% Ethanol 4213.6 mg/ L
Water 2210.3 mg/ L
Grape 70% Methanol 708.6 mg/ L Lapornik et al. (2005)
(cabon maceration) 70% Ethanol 697.2 mg/ L
Water 65.0 mg/ L
Black rice Methanol 1.30 g/ Kg Finocchiaro et al. (2010)
Acetone /water 0.75 g/ Kg
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Table 2.4 Total anthocyanin (mg/ 100g) at various temperature and time of extraction

Temperature Time (min)
“C) 45 60 75 90
55 300.33 266.76 248.32 215.56
60 305.52 276.08 255.22 225.23
65 302.99 282.34 259.93 240.94
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Table 2.5 Analysis methods of phenolic compounds in cereal
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Method Reagents Sovent Time Assayed compounds References
Prussian blue Catechin FeCl, in HCI Methanol 1 min Phenolic compounds Pirie et al. (1976)
Folin-Ciocaltueu Catechin or gallic Folin-Ciocaltueu Methanol l1h Phenolic compounds Kaluza et al. (1980)

acid reagent
Folin-Denis Tannic acid Folin-Denis Vanilin Water 5h All reducing compound Maxson and Rooney (1972)
reagent
Vanillin Catechin 4% HCIl, 1% vanillin Methanol 24 h Leucoanthocyanidins, Nip and Burns (1971)
in methanol Proanthocyanidins
Acid butanol Purified HCI in butanol Methanol 20 min  Proanthocyanidins Porter et al. (1986)
proanthocyani-dins
International Tannic acid Ferric ammonium - Dimethylformamide 1h Proanthocyanidins ISO 9648 (1988)
Standardization citrate, NH,
Organization
(ISO)
Relative-degree of - HCI in butanol; 4% Methanol; 1% HCl 15min  Leucoanthocyanidins, Butler (1982)
polymerization HCIL, 0.5% wvanillin in anthocyanidins,
in acetic acid Methanol proanthocyanidins
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Figure 2.6 The phenomenon of ultrasonic mechanism

Source: Soria and Villamiel (2010)
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Table 2.6 Application of ultrasonic for bioactive compound extraction
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Bioactive compound

US operating conditions

Performance/Remarks

Reference

- Carnoxic acid from

rosemary

10 g dried leaves + 100 mL
Butanone/ Ethyl acetate/ EtOH,
50 °C, 15 min

- Horn system (20 kHz)

- Ultrasonic bath (40 kHz)

-Extraction time reduction with respect to a shaking
water bath (15 min vs 3 h)

- Sonication reduces the dependence of the extraction
yield on the solvent, allowing for more economic,

environmentally-friendly, healthy and safe processes

Albu et al. (2004)

-Antimicrobials from Thai
spices (ginger, fingerroot

and turmeric)

10 g dried ground spice + 100 mL Hexane/
Isopropanol and mixtures

-US probe (20 kHz, 5 min, 6.8 W cm*z)

-US in combination with proper solvent selection
reduces processing times and costs of spice essential

oils with antimicrobial activity

Thongson et al. (2004)

-Chitin from fresh water

prawn shells

Stainless steel probe (41 W cm’z)

- US demineralization (0.25M HCI, 1:40
w:v, 40 °C, 4 h)

-US deproteinization (0.25 M NaOH,

1:15w:v, 40 °C, 4 h)

Simpler and shorter extraction treatments and
production of less crystalline polymers for better

conversion to chitosan

Kjartansson et al.

(2006)
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Bioactive compound

US operating conditions

Performance/Remarks

Reference

-Oleuropein and related
biophenols from olive

leaves

1 g milled dried leaves + EtOH:H20
(59:41) at 5 mL min~, 40 °C, 25 min
US probe (20 kHz, 450 W) immersed into
a water bath in which the extraction cell is

placed

-Optimisation of dynamic US with promise for

application in pilot-plant scale

-Faster and more efficient approach than conventional

Methods (25 min vs 24 h for 100% yield)

Japon-Lujan et al.

(2006)

-Phenolic-rich
heteroxylans

from wheat bran

Wheat bran 3 g + 0.5%, 2% or 5% NaOH
and sonicated (sonic power 100 W, 20
kHz, horn-type 20 mm diameter) at the
given temperature for 5-10 min and then
the extraction process was prolonged at the

same temperature for 60 min.

-The efficiency of the ultrasound-assisted extraction
of hemicelluloses was highly depended on the

extracting agent and conditions used in extraction step

I, and showed several advantages.

Hromadkova et al.

(2008)

water-soluble
polysaccharide extracted
from mung bean (Vigna

radiata L.)

The extraction was carried out using an
ultrasonic cleaner (KQ-300VDE, Kunshan
Ultrasonic Instruments Co. Ltd.) at a power
of 150Wfor 30 min at room temperature

without additionalstirring.

-Ultrasonic treatment can change the structure and

other properties of the polysaccharides.

Lai et al. (2010)

Source: adaptation Soria and Villamiel. (2010)
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Table 2.7 Comparison of optimum results between US and conventional solvent extraction

Method Solvent/sample Time Temperature Power Extraction yield
(ml/g) (min) (°C) (W) (mg/100 g wet)
Conventional 5/1 53 71 - 35.1£ 0.5
Ultrasonication 4/1 33 - 400 345+0.5

Source: Chen et al. (2007)
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Figure 2.7 Scanning electron micrographs of red raspberry fruit after extraction (a) By
conventional extraction. Very few cell walls were degraded by heating up. (b) By US

Source: Chen et al. (2007)

~ o s A a = .
Huang et al. (2009) 1WSsuiaumsanadisvarliuesanniwssiavily Folium

. Y a1 9 ' 9 9 ¥ A = A v Y A
eucommiae ﬂ’)ﬂ')‘ﬁ@l'l\?c]hlﬂllﬂ ﬂ1isl,°])'ﬂ’3'llli@u ﬂ1§1ﬂ5ﬂﬁﬂlﬁﬂ\1ﬂ’)1llﬂ@'ﬂ NITANAAIYAAU

v 9 J 9 < ) =< 1
VIJJT?]SL’J’V‘I uazmiﬁﬂﬂmmau”lcw Tﬂﬂi%mmuamﬂummazaw WNANITANHINUIT NI

A

v Y an = ~ 1 Y A L= (Y] S I 14
anaaaelsaaudesnunge dawaldlSuavessislaiTauesatauniny 41 nledidud
o o = 1w S <3 S = 1w 1 1 @
nagdasIMsanavesasna luesala Ny 17 Wosidud Fa1aIna1IgInansana
d o -
Tagldnnusou lulasnul vaznislaeulasi danmn 2.8
Khan ez al. (2010) Anwimsanaasilueannlaendy lumsanulfieniueanay
o %’ I ) = amy o as A v 9 A =) =
nuiidluahazate TeenfSeuiienismsana 2 35 Ao msdnaaenaudesnudge uaz
v 9 o o = 1 9 A = A 9 =
msdnaaleaazale kanmsany Iy mildadudesnnudge ldlsunudasiluoauas
Y a . . !
ANUTIWTDUDITITAUDYYADATE (oxygen radical absorbance capacity, ORAC) §4N21013

v 9 v o A
ANANIYNINIATANY (m‘W‘VI 29)



E=- Flavonacids extracton ratio
Flavenoids contant
S T Extract yield

g
g 8
g

(2

.
[=]
1
&

Flavonoids content in extract (%)
8

Extract yield in raw material {%)
g

: 0
= =3

R

.
.

i

g

A B C D
Extraction method

5]
8

-
=
T
-
=

S8
-

=
T
=

(94,)|ELBIEW MBI UI OIJE) UOIIDEIIXS SPIOUOAE]|S

Figure 2.8 Compare extraction from Folium eucommiae
A : Heating extraction
B : U-assisted extraction
C : Microwaves-assisted extraction
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