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Title Effects of Ultrasonic Waves and Ultraviolet Radiation
on Polyphenol Contents and Antioxidant Properties

from Rice Seedling Extracts (var. Sukhothai 1)

Author Miss Chatchada Kaewmuangma

Degree of Master of Science in Food Science and Technology

Advisory Committee Chairperson Assistant Professor Suthaya Phimphilai, Ph. D.
ABSTRACT

Fresh rice seedlings contain antioxidant characteristics mainly from phenolic
compounds of various nutrients. However, those benefits decrease during storage. In this study
that aimed to maintain or minimize the loss, rice seedlings were preserved in an extract from
ultrasonic waves and ultraviolet radiation under solvents which were expected to enhance
extraction yields from rice seedlings. The rice seedlings (var. Sukhothai 1) were chosen as raw
material for this study. Results showed that ultrasonic wave extraction in 95% ethanol increased
antioxidant properties, polyphenol contents and chlorophyll contents in comparison to shaking
(p<0.05). In addition, ultrasonic waves at frequencies of 28kHz and 45kHz with 95% ethanol
resulted in higher antioxidant properties over 100kHz (p<0.05). Ultrasound-assisted extraction at
98°C for 120 minutes was found to be an optimum condition for extraction. However, irradiation
of rice seedlings of ultraviolet rays before extraction tended to lower antioxidant properties,
polyphenol contents and chlorophyll contents. The rice seedling extracts were then analyzed for
types of phenolic compounds using HPLC. Catechins, more specifically epicatechin (EC), were
identified. The optimum extraction conditions for the highest antioxidant characteristic could be

used in further scale-up process for fresh rice seedling extraction.
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~ ] o o P s [ 1 1

TnalaTds@u g wulwd D161 eu'lan] PaD1 AlguausAlumsdunissnauiian

UOT 15U (Kubota et al., 1983)



12

?J‘tgigaaiﬁz (Free radicals)

a . & h a - lrl = =
9YYa0NIY (Free radical 130 oxidant) AD OSADY Twana n3e losunil
a o = T ] EUR 1 &= ar A e

Blanasoudasye 1anRe (unpaired clectrons) N 1ardiusey luees Ifianesauuendga ndau

1 1 = ) @ = T =i [} 9 ¥ A = 9 cg =
gaazivahasmsiislfasoduasdi luanadie Hegsoudie ldiunngnadieu sauds

3

= A Qs oA a b=

pzaouvd la Iasau uazdoouvodlangnsuddu (lom uazame, 2549) wonNHTITINDA

Fd
s

Tuianaveseandioudie ayyadaszivisiegluanzidunmama i uazanaziinse

as ar o ~ = o d 4 1'd
T Taofidydnusimaniivesoyyadase e Sannseudsrvesoyyaiinaasnisgaly
o [ v @ s = Ao ow o - L] a = o ulaa '
fumistauvesdnanuaimand Taelidydaualinaly o R eyyadaszniianud iy laun
. . . . L.
UL superoxide anion (O ,), hydroxyl (OH ), peroxyl (ROO ), alkoxyl (RO ), nitric
L] ®
oxide (NO ) UG nitrogen dioxide (NO, )Lflucé’fu
= o ' T o = ] o t 4
ayyndaszAInandwai Iiiaanudeniounonilsznoue 14 vourad
T a 1 0 o 1
moluirane o9 demananisiiaislaseadafiowe (DNA) msnldesuulasvesTdsduas
o A @ i T o o o @ 1 a = =
lusiuveatemad warnsnisiinuveueuladuiswilaiilinsiiauvedldsau vse
o 1 z = ) a o 3 [ o o =)
wuleslimaniuAadnd 14 (auds navdszaed, 2554) Bnvaduiluaungdvyvesmaialis
= £ o o = = o
nateyila FIaseyyadsasziaiInmsdesndlouvesnszuiumswalusdafuveurad
3 [ = I [} = = d{ @ oL oa 9 o
suisiladsaindunadoumensn iy vany Miaadalin Ssddanir 1 Tema ToTau afu
| ul o4 A=) Qs - ﬂ 9/ = & = J 1 :!y a_ @ =
1IN0 laidiy s08uUd vionIuyns Wuau syyadassnalunadrlauniogaiivanioan
ANTUUSIAIWAITAG 8N F15AIUOYYAS A5 (antioxidants) RlinTuansasuiuayya
= ¥ o (=3 or v . a 1 a =
g5y udafadlueyyadaszdr lmifiianuedssuinaindy dewaiiliugaisesninda
ayyadaszainy 14 fagtuiimsAnyuiemasfiannsoasniuguuss na'ln vl §isn

= o Y = o A o w o Y
1Ay ijﬂﬂﬂ’i_]ﬂﬂ'l‘naﬂﬂﬁﬁ’ﬁﬂ‘lu'ﬂuuﬂﬂﬁiglﬂuﬂﬁ]?ﬂ llﬂgﬁﬁﬁ’lﬂﬂluﬁi]z“]f')ﬂiﬁﬁ’liﬂﬁﬂﬂﬂﬁﬂu

Qv t:i = d%' [ ] i = o
ﬂ‘l«!ﬂi'lﬂ'ﬂ'ﬁl'l'ﬂ]ilglﬂﬂ‘lluﬂ'l_l'i']‘iﬂ"lfj‘lﬂ (lauas uay 'ﬂﬁxﬁﬁﬂ, 2554)
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nsiAeYyadnsY

AadiFiannriinvyiinms1Feendnumemsdisiiia uagszlioyyadaszves
< = 3 L) £y ey = = ar =y ey . N .
ponFURATUBgUINIY YR IMsnaeyyadasysallui§Ase1gn 19 (frec radical chain
4 > = 3
reaction) ﬁ?{\ﬁﬂﬁ"lnnmﬂﬂﬂgnsm_’,ﬁﬁ'umu (Pratt and Hudson, I990}N1TINABYYADATL

¥
maniiimmguainilatonielunaznmeusnsianig

1. ilavonielusiane

' Fd
@ =

= = =Y N ‘é = =y S e
Ufisueenginduiiadiuea (auto  oxidation) Galina lnnismalgnse 3

¥ ¥ Ed ]
e g - T o LTI - @ o YV = =
Tunou AevunsunsniFondn Suilfitodu Gnitiation step) Wludupeuiivhldifaeyyadassy

=

¥
finfanlfAsmmsaaeiuseAe1i1 (hydrolysis) 113 (photolysis) § 9 (radiolysis) #30QMN I

U

Hudud sl fiiso

. °
RH » R +H

@ . 14 1
TunsuNaeaTanIMIoUNUNT (propagation step) udupaufioyuadess
d‘ e ﬁ. = d'. = lﬁ? 3 = =5 o -] =) £ Sy ]
gfdenldiueyyaddueyyadaszinaduluduneuduifeFuszduiul §asnnde
] Ai 3 ar = aan 4? = =S
Aoiiee Tudureunsouwundy Tasnalfnsodu 2 nede Taomsauoiezaey lalasou
9/ Py Q oy ar =y c; 1 a
vin luanadiufsme Tasnsdingnsedu luanasendouiiogluaniug gound state i1

Thiiaeyyadaszaalni

L ] [ ]
R +0, » ROO
ROO '+ RH > ROOH+R

¥
[ kY

= v 3 L=y LY . . 3 ~
VUADUTAMBITIN NYUADUINDINIUS U (termination step) Lﬁuﬁ]uﬂ'ﬁ]u%ﬁﬂWi

Taufuveseyyadasy 2 oyya Taifumsifinnueios

e
R +R RR

v

L ] -
ROO +ROO

\ 4

ROOR+ O,
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2. ilvdemeuensnamy
o s dar ¥ ' ' S
2.1 ¥avlsavasianivlsemudn Tl lusemomusanedife
a ¥ 1 e t Y = ¥ o ' =t -
ayyasasz’ld Tasmwizedieds o lungudugadnuazdiuyni ey vale lugy
= o 4y & - e
{bleomycin) wouns1 lynaud (antracyclines) (Voest et al., 1994) Lﬁmmﬂﬁqmmmﬂgﬂsm
peNHIATL
Yar A as T o = o a4
22 AT lumssant e 1u 9@ (X-ray) S3auAUUY (y-ray)
]d_l ) ¥ o - Ag ] ] [ W ar uy 4 {I
aufluaungildiieeyyadasziuludwngannisareneandsnldiu auiu
T g Y ot Y o oo a @ a <y = ' dy ¥
doullsgnevvsuradudnalfifnljisoeondiaduieenduunazateegluivanla
Y = g
pyyadAITARTY
ar i a1 = 4 L
23 aduyns ddmilsznovvesluasnoenlad vo)  lulasiou
4 1 L4 = :: - v oo «
pan lea(NO,) nazmesend lu'lasy (ONOO) sauamsiy 1dun damles laesn lod (S0,)
< o & o _ o ? o
uazmsuauAsnaTaae 158 (CCL,) Farzgamiasenainganie Tasnmsihauaseu ol le
§ & o 3 3 a
InTasu P-450 A lwwaddunazwy 1dTuraddoauaz s 1@ M Iuaunguesmsaie
ayyagilloseenlan
T = T o = é
24 Tolwy Wildillueyyadaszudimdumisoand ladusige &
] = ¥ = o
awsanldougilflueyyaleasendaldnianisnszduuosnauuas (uisy uaziszass,
2554)
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B3R 14OYYDBE ST (Antioxidants)

= 1 2 ar
AVTAUOYYADATE (antioxidant) AB A1FAdINITAFT AN BIlDIAUNIS
= £ =y N = g o o am ar =
inlfATu108nTadY (oxidation) vosoyyaddsy la mwisanildgnseidueyyadase
Tnunye tHoInOYYaDdsY (free radical scavengers) nIongalfnsuignlvunanianaeyya
¥
gersz lulddwiiuse I msmariiiina lnlumsdueyyadassnaoununsuandy (scavenge)
-~ ar a’/’ Pl = =) ¥ w o I £ ﬂ [ 9
ayyaddse lavassdudinmsadiaonyadasznio iy (chelate) n1i lanzietlosdumsasn
PUADAIL (Sies etal., 1991) Taona liludroyyadaszansonyidlusssumndnnuaieas
= 1 = ey o = oS- Y A o 9/ !
¥iln 1y nsagsa 1agiu wwhidaeyya uazdeaiug Tandud ngatInTow wear-ualshu
& ] el ar YA £
ssesilsznouwediuea Fudumsnguiniinannsany Idlunadinuazaa T iWowd 1
1 = 9t 1 3 o aa = Y T o Yo = o @
FgirTuaisrvvaeduljisneengiaduiusemei idilszdaniamlumsiaiy
= qu' 3 o e L] = d'f b P
ayyadasz ldAau waznyalfAsurgn lavesmaiiaeyya Fiasdmeyyadaszalszian
o o o ) o e 4 o o c?
nasdiunmdralumsiidiienlesoendinduiugaas (lon uazane, 2549)
= ] " o 4 -~ 1 9/ 1
asdueyyadaszmartiiziimifinessiuguayyadaszaie 1Weglu
o n:i [ Y = ci =Y [ ar 3 o Y o d'.
sgAuinamIng uaduiaeyyasassimnnunis umezilodnldezdi ldinaaniizh
¥ b3 ¥
] o 1 a o w T L
(50091 oxidative stress ¥u MoldrnizdnaneyyadasrazhsuaTdailotomadnieg
] P ) o [} = = - = [] 9/ =y
YDITNNW Fadrazauning o191 llganuialnd nienerFaniwnarnaiela (audn
o« or Sy = = 9! = o tg
uay Uszaran, 2554) YagiiulAtinsdnuigninisdinmessansdueyyadaszmyunniiu
= 9 ar ey ) ] =g =Y { 1
MsfAnyIoyanuATsIng e IR ey Yasds: wu Iaseeagninaeiianiidu
] = as = ad 9 =) o da adsi
HroaTuguamuaztosiunisdialsalunysd wu wd-unlsfiu uazgiuniignidns
' a R . 21 = ] 5 o
ABNAWWUY (antimutagenic) A13tsznouUBaNTwiugIMsHITIUvReu IsluoaringTa
= . d} T [ :‘ 1 .
Had (0-Glucosidase) FalinarrvantlSuaihmaludon ldludileTsauinaiu (Comish

and Garbary, 2010)
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Uszipmusdansmuayyasase

PegthniufinswduTasia T arsdmeyyadasz Taumwizedi st
) & o 3 Vo -2 o , ¥ = @ x
IAaniedn ma Tl uazayu s TWsvanuaulwazdnyiduedianneawdng Fwadnain
- P ¥ = Y a & & o a ' ) ) = I
fianuneavesdugnslumsdmeyyadasy ststdarsdeyyadaszuisldunasiun1d 2
o { [ o = iy ¥
Uszinn Ao misdueyyadsassfldninmsdunsizd uazmsdueyyadaszilann
FITUNG
9 o a 3 o d t o
1. amsdueyyadasyildnnnisduasizddulngesiluaissinan
1o = ar : ar o oo e o - ]
ailsgnouAusaniou@uasluluiu dhdu vezkdaduonms i IunIZUIUNITNER 15U
STIGER] (2,6-ditertiary-butyl-p-cresal}, TGE L) (3-tertiary-butyl-4-hydroxyanisole),  propyl
& o a P
gallate Fafigns Inssad1adenin s uaz 6 Wumsdmweyyadaseidonldlugaainnssy
) k4 ] ' ]
pmsieduiimaialjsueendwiuyes lniunduamgresnisidanduiu Hsaan
d qr o v ty a0 ar ' ar 4
wWasuudasld msduasedimariifidsz@niamuazanunsdrganiiaisadai lden
= v 9 o o 3 A v i o
5330A ualdedidaveanisfilesninilgmiiuanudasadslunsuiing (Yang et al,

2000)

OH
(HaCHC C(CHgz)3

OCH3

2 5 Inssads dhosi

Hun: aauaanin fnws (2546)
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OH OH
C(CHg3)3
C(CHg)s
OCH3 OCH;3
2-isomer 3-isomer

M6 Tasaada deme

Au: aalasnn A1NT (2546)

2. msdweyyadaszi l8nnsssusa a5 lungui 1duauaulad
ptramnuazinsfuahluiligiudesnniianuFeduiianunlasadslunsuiinn
WINNIEITNIAMSAINTIZA Frag1eaTsRIuoyyadaszInNsIsuIR WU Faiud Jarind
war-ualsiu ualsfiuoad smﬁamiﬂsznﬂﬂunzjnwa%ﬁluea 1wy vailiuess
(flavonoids) Wiia Tws W11 (phenylpropanoids) tiludu Fuduaisilildguainia
Tnanms Tasihgiunuhmsdssnevlunguilueaiiumsfitunmnmddglunmsd
ayyadass (em uazane, 2549) msazneunguilueaszilsznendaslnssadisiidluag

= = ’ ~ =5 ) LY =
oz 1511@n ua:nwgtmuwﬁlu"laﬂsanmamqﬁawuwag ANNTAN T

OH

9t
am 7 Tassadeiuguvesmsilszneunguiluea

A aawlasiin Ten uazamy (2550)
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ﬂn‘lnmiﬁwmmmm‘sﬁmaaﬂcﬁmﬁ’u

Q = [ k1 oy ey
aa'lnn1siiuvesaisdiueendiadu Ae vz lsunaudgnser

= & 9 3/ Ll =Y = | = é’ mb lnl ﬂmqq o
@i’]ﬂ‘ﬂﬁﬂ‘h"uﬂiﬂﬂ“l'icl’ﬂul,ﬁiﬁiL‘i]uE]$ﬂﬂullﬂﬂuﬁaﬂﬁi%ﬂﬂl?ﬂlﬁﬂﬂﬁﬂlu FIND LNVYDIUHNTHIIL

¥
=

= d!iJ ' o 3 = [ r a ﬂ o & o e -3 &
Aatuaesias udroyyadaszanarszulfou liiilunaniunalaunianuatoinie

o = a [ o an
A6 (1AL Llﬁzﬂigﬁﬂﬂ, 2554) ﬂﬁ‘ﬂ{]ﬂ‘im

R+ AH _ RH+ A
RO + AH St ROHA®
R+ A — RA
RO+ A — ROA

o ] 4 LY o G 4
Imuoondmasurziimindualdlalassuszaounsodidnaseuun

= ar 3 o s, = at 3 q' 9 é & -~ yes ar
syyadasz Tasazdudinsevzanlfisoreendieduludunswiudu saginigsedu
= . - oo 3 3 a a oao a o '3
ayyaddasz R ) wiefudiluduasumsin Tassghnlfnsordueyyanledoan lud

. i .
(peroxide radical, ROO )H?ﬂﬂugaﬂﬂﬂﬂﬂ% (Alkoxy radical, RO )uazﬂqgammmsﬁm
* ré @ = = o e T ] = o’: X

ayya (A ) ez lidUFASemeeasuas 1dndadusii luldeglugilveseyyadaseiail Tae

¥
=y = =

= N 'd ] = 3 = o 9
sssumavzioyyadasuiaiiulumaduorsamenatowila isiidludsy Tominaz 1d Tny

o

L] ar ] P o i = =3 o 9 Y el
arwzuiu nalnddagivmdinlunsaugulSuimeyyedassezimdifiaanansgnui
‘fl ar 1 'd o 1 dyd 1A 1 o =
IHBUAITIEYBIDYYaaDlTna 1uﬁﬂ13$ﬂﬂﬂﬂﬁqﬂl'ﬁZﬂ‘Llﬂ?)’J'ILWEJGWGGIE]ﬂWﬁSﬂB’I‘]JﬂJT‘m
= Y T yé - J Y 9 = = = d?
ayyadassIvegluanizangald sstehawsanuguiduinezloyyaddas zifedu uas
= = :u-_‘i o 94 o [ q" [} ) ;;
“r’l1ﬂ£ﬂﬂﬂ1’3$ﬂﬂﬂﬂﬂ‘ﬂ”ﬂ11‘Hﬂﬁulﬂﬂ'|§‘ﬂ6§‘lﬂumfl’lu‘]JﬂW‘ii'NuliJﬁ'mﬁﬂﬂﬂzﬂ?ﬂﬂﬁlﬂ?’):ﬁﬁijﬂﬂ
9 o ' P P o ' =Y o = . .
1d vz ldgnmisifianizfiwaduazsianisgroond ladvuifiuauga (oxidative

9
stress) Az 1A Isames Jumelusame’ld (Tenm uazame, 2549)
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msisznevilea (Phenolic compounds)

mnlsznevilueafinuluieinuani@iluasdwmeyyadas: saudnia
Huon (phenolic acid) ‘NmI’Juﬂﬂﬂ{memglﬁ’uﬁ’(ﬂavonoid and derivatives) mﬁma%aam@
LNBAN (ester of gallic acid) AN (lignin) A3 (coumarine) t1azWa119u (flavone) 1ludu
(Shahidi, 1997) Tas2lularsszneuuoafisnaglungy primary antioxidant aaulngjiin
asfiwuannlusssued @y o wa 1 vudes Tadues ifudu dagtunumsilszney
Hupauinn 8,000 ¥l s Insaadiefiugnvesmstsznavilueaszlszneudan Tasaats
fifluases 151N (eromatic ring) waziinyjimuiiiuny lansenda (OH-group) a610vfomils
wijlulassade awmanslumsie 2 Tﬂﬂﬁa"lﬂmﬁmmmasauﬁamaﬂumqaﬂummewa%«sﬁi
1 Tumqa%u"lﬂﬁnﬁy:'lamaﬂ% Tﬂmf!ym1aﬂsﬁﬂﬁwumnﬁm‘1uimaqawumsﬂszﬂau
Wuoa fie ﬁymwaﬂqiﬂﬁ (glucose) (Bravo, 1998)

aslsznovlunguwoanuea (polyphenol) ﬁ‘lumsﬁﬁwmwﬁﬁmﬂums
fueyyndasy sadiumsdiznoulunquiluea fons lumsdnndouundice sl d
msdamy Aumsud fquautialunssawdndon iwansedunaammesen T
Tumsdumaifauzids uazansaananudulafanngnivoenasaiden fudy
AuausAnnalanuduiuituguauiamsdumsdeyyadase (Tom uazane, 2549)

8 o

TasensisznevidiAguazwurinfige lunguasiszneuwediueoa 1eun darluosd

LA, ¥ =y 24 =
‘sTNlIﬂﬂ1‘3’ﬂ‘l1—!ﬁ)0ﬂ"ﬁ!ﬂ‘liu’llﬂ~iﬁ'l‘iﬂi$ﬂi)‘l]‘lﬂl‘uf]ﬂ

ey as

oo = A 9 San
mufandiAgyvesalsznouduea de anwansnlunsdul§ase
= s é = = e o) £ o
s0ndIATY Fudavneyyaddsslavatsdsznouueans lusuniulfATusendiadudie

] 1 a [} < i = =}
sl lalasiauezaoy fie wiflansend OH) udeyyadaszet1aTIns wie Idoyyadased

= g = L] =y ooy o~ @ s o 4 3 s oo
amnatesnyy 1 lansafal fisoesadiadum luanaduqde 1U 18 dalgnse

ROO +PPH » ROOH+ PP
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M1919 2 Iaseadvesasyszneviluen lunguais o

Class Basic Skeleton Basic Structure

Simple phenols Cs

Benzoquinones Ce 0

QO

Phenolic acids Cs-C1 @—coov-t
Acetophenones Ce-Co @—coem
Phenylacetic acids CaC3 @_ CHy— RN
) —
Hydroxycinnamic acids Cs-Cs @—CH:CH—COOH
Phenylpropenes Cg-Ca @— CHz =CHZ=CH;,
o o]
Coumarins, isocoumarins Cg-Ca @(j @El
o] o]
o
Chromones Ce-C3 @
0
o
Naftoquinones Cs-Cq @:}
O o]
Xanthones Cs-C1-Cg
. o]
Stilbenes CG-CZ'CB O /
2
Anthraquinones Cs-Co-Cg @.@
3 I
Ftavonoids Ce-Co-Co O
Lighans, neolihnans (Cs-C3)a
Lignins {Ce-C3)n

AW: AAuLag91n Bravo (1998)
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¥
U Qs

¥
fufumstszaovflusaiafiguauifiuasdweyyadasy  uenwini

a9

o s 9 ar ar

asUszneviusadelant@iiluaisfian (chelating agent) lagvimifdudnlans 1wy

o =4 6w =y o s v Py
nowAg uaziman Niumumdiagy lunmsnszqumsinlaseign lgusseyyadmaz (lom

1

=

o Y < =y ~ 3
nazamz, 2549)  Megiinduiiseuiuialdlusenmisunnd i msusTnnemisiigandoe
a e w $ ] 3
Warlueed laaanizettsdauazaa lmilulse lonideguam Falimsdnmimiasz e
) } a  ars 1 Qs = [ 1 s e
TInemud anuduiuiserindanmunaveslsaate iy Isaiale Tsauzise szuu
= a =) 9 o Yo w =
Maaue IS lsanwszuudssam lsadunaoaiion 13agu uaz Isaniud U8n31n1510A
] ¥ ¥
TsANaAa3 (Frei and Higdon, 2003; Lotito and Frei, 2006; Ramos, 2007) NaHfaauiadna?

1Y
=] = @ w  da CY -
ivadinnuduiuiduguantamsifiumsduoyyadasy

wWanlauead (Flavonoids)

¢ % 1

7 ar ' = o
amsan Tawesany 1492 Ll luyndiuvesisfider Sadluesddaglungu

o 9

]
ar

woduoa Ugaslnssaiansnilludainiu (favan) Yszneudoraunan 2 2afideumeiu
b L4 o 1
AWATUDUANBEABN (C,C,C,) naziimsszydmmusvsanisvouszaoyluluanaves

o o
WarTuses autaaslunin g

v
am s Inssadeiugiuvesmsdar lvesa

fiur: Aaulaanin Bravo (1998)
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Flavonoid

Basic Structure

Anthocyanidin

Aurones

Biflavonoids

Chalcones

Dihydrochalcones

Bihydrofiavonol

Flavandiol
or leucoanthocyanidin

Flavanol

Flavanones

Flavones

Flavonols

Isoflavonoids

Proanthocyanidins
or condensed tannins

e~

<D

4

(o]

o]

o] 00

[elRe]

Apld A NI S

OO0 O
& O QQ

O

o]
I

égo
Y

A fanagain Bravo (1998)
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msarluosd uiadungusss ldvanuatenguidun Warlau (flavones
I rutin, apigenin, luteolin) uazvarTruea (flavonols 13U quercetin, mricetin, kaemferol)
uaﬂmﬂf‘;wu“luﬂ'sjnﬁ"uq 2154 Wa112Tun (flavonones 19U naringin, taxfolin, fisetin,
hesperetin) Feznu ldlunavesisnsznadu uzun ulfennavasiisaszgady vz (Jom
wazAE, 2549) Aauarasluaisii 3 %'nﬁ?aﬁawumsﬁlunfcjuwmmuaa (flavanals %4 catechin,
epicatechin, gallocatechin) éuflumsﬂmhuaﬂﬁﬁwnmﬂﬁqﬂﬂluium uaziitseluanine
auam luvatonia wu lguautiAdly anti-inflammatory auisasnwiemssniy’ld ¥avan
sz v luduiden aaftunamdeuliuniente uaznszqumaiinueyauniond

ﬂﬁziﬂ‘]ﬁﬂuﬁﬂﬁqﬁ) (Johnson et al., 2010)
ABNYY (Catechins)

= 1 ] o ¥
aunFudlumslungunodueaadman varnuea aansanu1dlusmis
L4
1 1 L} =3 é
Uszanae wu Tnlf Tl weilila uawudSinugegalusuiion Fadialszam 60-70% voq
vt c;’: =Y d'. e A gh :’ = = t
woanouanarualum aundwiuasi liid azaiw1dluih Ssanduudasdia nquaes
aunsunwuunlue 1dun {(-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-epicatechin
gallate (ECG) Ua¥ (-)-epigallocatechin gallate (EGCG) TagesnunFuvariiogilszunn 90%
» ¥ r ¢
VDIAUNBUNIHUA (Balentine et al., 1997) el Tnrusindy (nutraceutical) mqwmf]u
9 o ar A r a g = 4 = w
MINUBONTLAYY (antioxidant) MUTDIVNUDYYADATE ua:ﬁ]u chelating agent 134AINY
9 a - we - & o
Teesuvetlans1d Sonldasaunduiiqaavidlunsdueyyadass FuilulszTomd
o oo 1 i o Qr
NUATUFUAIN 1Y Freaanndaslunisina lsanalavas Isanaemdon (Hirano et al.,
T 4 . [] %) oy =
2002) %10a9R1IUDIY (Rain et al,, 2011) L!ﬁﬁf?ﬂﬂ?‘ﬂﬂﬂi&’ﬂ‘UU"IGl’mGlmﬁaﬂil’r‘J\iﬂﬁ!ﬂﬂ

TsAL MU (Kao et al., 2002) 1ludu
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O OH OH
HO O

RCOOt: el "
OH OH

CH OH
Epicatechin (EC) Epigallocatechin (EGC)

OH OH
OH OH
OH OH
Epicatechin-3-gallate (ECG) Epigallocatechin-3-gallate (EGCG)

a9 Tassadevesmsaunduy

A1 dauilad9n Johnson et al. (2010)

(=3 T ci o - 9 ar 1 dy
ammFuiunguashdrdguasfivaszgam TasTaseadrananvesaanguil
‘é ‘; s I o l -] =y L} 4 d'
18 flavan-3-ols F90 € vxdudn lufiwuszq dlddenaseu liawsnafoud llun
o’ 3 c{ 1 c;t:!.e

1 Iy w & 2 ' o 1= ¥
AU E]‘Vl‘h'1uﬂ1‘§¢l1uﬂﬂﬂ°ﬁtﬂ"}m%ﬁmEIQﬂ‘U‘ﬂ'm’JtulﬂuﬂﬂiuIﬂ'ﬁﬂﬂ‘i’lﬂﬂﬂﬁ’]iﬂlﬁnu’au

wyHuoawine Ifgninisdunendinduutn a5ty catechin-gallate ester fitNuy gallate

AR MU s 3-OH

Q

YA o oy ‘=‘ d!’ = ‘{ 1
1A id maunyAusaiiniu wzligniuinni Jen uazaus,
4 QJ ~ o 1 ] |
2549) ol vad W ugMBATUeINTIRFUvBImsnguAINFUYINUIN lildpewud1 ECG > EGCG >
' = 3 = o o 1 a 1 s o
EGC > EC 0674 Isfanu nuh qnimsaueendiaduusimsngquanniuszunnnifaiiug nio
- - =4 T ) g ;ﬂl T = ﬁ’id = = é =4 oy
INEN 2 o Redlimsneaudasmu msawmiunilfnagslundon Sdquauda
1r:_€| ¥ . - P o o o a
Wumsdueyyadase Ao EGCG TavvziiilTinm 40% vosasmumFunanuaif lusuiion

{Seeram et al., 2006)
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aae]3¥aa (Chlorophyll)

P

o ar s Ao w A 1 as
ane lsfladilussniagddoiddy lufsazamsenldie) Taomnizen

'
=1

~ & ] {6 @ s s o af
Tdies ase lsAaaiudiwiddglunszviumsdunnzduasve iz Tasiimiinga

aa

Ao Ty lansannaivenlasen lasuazii usoz linad s
anudeu e Idunudeurs i @G ol aoududdug (3, 2549) Sennelsfladn
wuluiisdl 2 vile fo aaelsWadionazaan IsWadd

Tassadavesnas lsRadesianvasadedu lnssadivessulufiadeauns
Tasiiozasunatudumdn (Fe) ualunaaalsAadziioznounarudununiliFoy (Mg
anelsHadudazaiinezidnuuzfuanaiaduoenly iy nasTsHadie uazanolsfladd &
Tassadeiiuandedufosdumisuma nseariiaesvosnas Isiadiovzunufiasony
wifia (-CH,) daunas IsHadtiiiumydad lad (-CHO) ({1581, 2549) Falnseadrefiunnman

] o

wih Iinaauifuandis Taomwizanumansalumsazane laofinjmiialulnsadives

U
o @ = 3 o n’: < et o5 oy 3 ] o 1
aae livadwazi ¥ Tuanalida duiudseyaie1dd lumsazarefiids \wu neanoeoa da
¥ ¥
15 o

wydad lassy lufivas e idaae IsWad Dasare 1daludmazared Lifidy wu Dadow

=t &
2UNDI

CH,CH;3 Ry
HaC o
’ CO,CH,
H
H
H2C=HC CHchchORz
CH3 H CH3

A 10 Tassadvosnanlifad

A aaudasen Lanfer-Marquez ¢t al. (2005)
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HOOC gooH

b o
MN 11 Tasaad19ueady

71971: ALl a9971n Smith et al. (2010)

o ] 9} o 0w [ =
FIVNUNWMTUANINYIT M3 100 15080 Jumsiita 15 1vu Tsaniauau

Q 9 [} = ar = v ;; [ A“ ] v =
p1m15a1 1§ 1vg Tsndinlartaaag Tasmwizuraiios ufoF10aUIULKHA NE1IAD

o o = ¥ q o 1 = =
aan lsWada1use ¥ i nuunasonilete ¥ unaniais1ni1lnd (ngaer, 2550) a1
e ar L [ oy T o =1
HAN15398U09 Egner et al. (2003) WU 415028 15WadHIzYIBAANTN1A18U0IADULD
= , oo g [ & 9 LY =

TaoatsozHaImondu (alfatoxin) MAAINTBI 1A FITDAAADINVIIUIIOUDI Jubert et al.
1 o o= v o d
(2009) 7 ladnuwavonas Isiaauaznas IsHaduaonsgadumseznamengulumad

] o ar = ar 4
Tagansreinamagadumsszdarmenguidngsinie lumsfnumasaiavinaoelsilad

o
14

d‘ 1 g 1 3 a 2 [ = EY
@WNNITAY) WU F13aae IsHadez e uyTIT00 naznLTAgUVBIAINEIINATTYN
¥ ] ¥
maelasugauaa annedaimalunamuniswanasaanauluduni uazaaanuiorovss
»
FURIINTIR UV (Cho et al., 2006)
gw =1 -7 e o =
wanIntsIumsAnyIaniavetarsnae laladuazaan lsvaauluns
ﬂ W vﬁ A a \1 I ul 4 . ] {I ' ud = sl ar <
DINUNLITINNADINE 13 batun Ty 1w3 1 (dibenzopyrene) Faluaisnauzi§annilun Juyns
-~ [ = [ -1 1

Taswamisfine1 lunynanes widi aas lsfadumuioaamsgadumsneuziiudrgsene
9 3 dy P 9 ar =Y Y] =
14 aliduwannnalnfiveandsstumisnan Isiaauaiunsaannissuas lawu To lnsy

fumdwe'ld (Castro et al., 2009; Keshava et al., 2009)



27

ﬂaué’ﬁﬂglimﬁﬂ (Ultrasonic waves)

d'l @ b =% R el Qs o o éll. - e d'
ﬂﬁuﬂﬁﬂiﬂ‘ﬂuﬂ (ultrasonic waves) A9 WAITUNAADINADUTIINUAUD

o

" T 3 ) ¥
guiunMAyuyboee ldau laeiin 11w (frequency) Mlinsduvasnduilszua 20,000 A3IA0
= e oA ' o A o o = P A o = :
I MTBYINIT HIBAAUAINAY (pressure  waves) NUANDFINIRGUTOLUNA (FanN

a ad & a4 o o
20,000 A laudsa, kHz) (Hoover, 2000) Fennudiianlizygnaldlugammnssy nielu
¥ 3
aszuIumsulsjilemsiiu ansontiseeniilu 2 dssianlnglq 1dun msldaiiudani
= o w g = 5 X Iy I'g 1
TfinfdsduazAud g (low power and high frequencies) 3¢ 15 udumsinswridiudu
Tng uaznisldndudandr Iadnddeganaznnufiel (high power and low frequencies)
(Mason, 1998) mil¥naudand1lainididsgelunszuaunisulsylerns dldifanade
Qs 4 4 q as 1 a = E4 - [
auvansnauaznauniivess s iesnnaduainarvi idinedsingmsalualmdu
. . < 1 1 Sid|. = ] A = Y] 94 o ]
(cavitation) ¥aaau Ingjezldnanudlusae 20-40 kz aduanudvestaniTeiinlurag

A9 LAASAS IUMN 12

o 1w 1w° 1w
R E S f X1 I
&
human hearing [ ] 16Hz - 18KHz
power ultrasound 20kHz - 100kHz
extended power range 20kHz - 2MHz
diagnostic ultrasound 5MHz - 10MHz

&' -=;. o v = ] [}
MA 12 aauanudosdans ladn lusienie q

A11: Mason (1998)
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r A o [ =
ﬂﬂﬂﬂﬂ]iﬁﬂﬂﬁl@ﬂﬂﬁuﬂﬁﬂﬁﬁ‘lﬂ!ﬂ

¥ 9
o [ =y 1 ar o ar 9 o
asdszyndldndudanitlwinlunissroadamsdraganiiy laduy
A d::’ A A A F o = 1 o 4 l:: & ﬂ @
iWessinilawevesnsflsznoualomndiziladIuvsInusmadagsuuengs Fuduan
¥
o ar ar () w o
Mumunsana'ld msadaszlsznoufisaniiuasn s ASTUIUNISURTFIUHTITAAYDS
o g o o ¢ A ar o o 2 4 o 3 =
faiiazaw nazmsrzmsdingeonnnwan erniswaagnihal Fendudasii lotnez
T ~ o oo ar ' F2 - Ed o ar o v
FrundseAninmusanszuiumisdanainldlas mafndsingmsainallmdu lagiln
= d’ 9/ = 1 [-1) ¥ A d'
wansnlasundainisdumiivaznmanionmainiusana lusisdatazyisvenaiinndu
4 i 1 @ o a = o o o o
wABuRHUA I aza1eez i I iAan 01019 (bubbles) Yo3diazansvinadndluduou
é " a 9/ 3 ~ 9 et Y ar d!l o 9 =
110 Famsnarosoimaldanuiesninlasiaivesveanain ldsuadudaniilesiinegy
-1 (%) L] [ : 3 & b Y d%’
9N UDA (compress) LAZFIIAAIUAT (stretch) F1 1UF 111 IR AN I01MIATY LAy
4:{ - d? @ o o o o a A.'l as 9/ =y
Wasomaifadunielurearannz Fuiasuussduitannadudani lasdnilussozuay

winamInanasnudase e (Achley and Crum, 1998) danaaslunin 13

= W ® Wl

cmetre ©0 0 0@O0 0@

M 13 msthavesemsludnarsilosninadudansi lsiln

Au1: Suslick (1998)
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s i o o =}
TasgUuunassmsafasisadudaniletn I 3 3dunu As aszIums
@ [} :’ (1 1 : A 9
n1deulagordodlnars wu ihlumsdediuadmdos aszuaunis laeasaunuld
unaenwilandudvidatuddaana uaznszuiuns lavasawuyld probe M3e hom 1ilu

HHEIFITAYDIAA LAY AN 14

plant n@\“”i'i Water

Transducers
bonded to bune

AszuIUMINIIden Tasodesana1 i i lumsdshundudes

Maechanical

Extruction I/ iy
IIREE \

NszUIUMS lnsaswuulhunasduilandiudesfatusigeana

Utirasomic
Boan

Mechasdest

Thertnometor .’. sy
g [Ty

ATEUIUMI Iasas w19 probe ¥i3e hom uuvaduiinvosndumdeo

Extraction
musy

M 14 Jluuumsanadaoniudand lyiin

M. deutasningus (2551)
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i dl L b4 =
mslvaaudansNailnlumegamnnssueints

o

a é‘l a E a odq ¥ @’ =4 =
mindudaniilaiaunlszgnalsiugaaivassueimisdinsiiniiisy

3
a 2 2 4 - A o g o J J [T
AN URLINNATY HrpmsanyimaveInaudansi letinaensyuaumsuilsyiiwa ltuudn
d’a; [ [ L= | = = ] a9 Cic‘ =1
wossnasnaramaiazlsuaasuauInlsadu wu Jumsasadisaiudai 20kHz i
[} H L= sy =) { nl 3 r s e .
wasiansilasunlasmFuazlFuimarsuon Inlasiiunmuvulusenanisana (Tiwari et
=a ar ] - o ar 3 ¥
al., 2009) LRLVINNANUITBTITINITOFIAY selectivity ¥paNsana lasezrii 1fanains
w § Y ! o . o o & - ¢
afalifunuasisinsziumsadavesmsni luanad vefliduraiiounnnmiswadgn
o 4 % @ = g ° Y o =5 3/
Hae (qus, 2551) uennintms Inaudanii latindssoilndavhatsunsngumi 1o lu
ar = ) as Y a ; ] 9 ) S .3 as sl ar i
Faginnada ldundsdu slinisowmulaais (mass transfer) ugaiuaeluaaedanis
as -:y & a ! A’: é.l
anaensIuw Tun U9 1Judy (Li et al, 1995; Mason and Zhao, 1994) UBNIINTUATY
ar o oo 1 3 e a oA e ar o ¢ o = [
daad 1 leiindawieiiaenurnusnumissaduaznislumadi lfasidesnisana
l é’ = : =
ansoenu 18918 TuauIToune Hossain et al. (2012) Tdanyimsmiualszdnininns
a 9 = o ar é 2 c? o ] U &;:;
adamisdmeyyasaszannmniveiuvuiluisluaszgaiud @szum) Tasldanuad
] o Qs g o (] - v =
20kHz i Iimiuradifannudonisdanaldiinslaaldesarsdueyyadasey
3 Q' 3 1 o = o
5N st seneutusa e nUURYNNAY 1IREINUNANITIDUUDY Carrera et al. (2012) Tu
aquuneh lavnsadadsadudani Tatininud 24 kHz wui ms Mnaudand latinlu
[ ] a o o - i a ¥ a ,,w =
msanarei Iinadmser S naimutu Taeddadia Ao USuiaassznoufuea
=3 = I 3 I 9 [ d'._‘v :,’ dy ¢ d'l a’
suou In lweriiy pazunuilu dnmedaldnalumsadandesns neslgnsnidinaudan
9t = ] at Qf Sﬁdl 4 as o o‘;
1 lgununyenannlumsana ldameusunsadauuna 11
¥ N
NN 149U 8U04 Zhang et al. (2009) 1AI3sdsnavesniudandi Taiin
o, . g . . & J g
lumsadaa1s epimedin C vnludn  epimedium Fuunvangu'lns wuii msl¥adu
é;ayia wl a'.ﬂwmq u/lllyésl "lﬂlﬂli‘
A lgunverisnulszansnimvesnisanala e lunagaamnssueinis 1a i
o @ o . . g o o 1 oo [ v
ANUTIAYAVES epimedin C iosnniiumsdrdglunqudailiuesantidusislums
floafiul foaalauaz] 14 Anunii
peanulsarasadontiiloms Isansegnwauld (Meng et al, 2005) azainniTAnuIl

ar Vv o o as ' g
aunsnhndivimungandmivnszurumsudszllusdugaamnisuvinalugavs

a e dlllSJo

= = oar kY =y =) :‘ ] [ Y :fl @

B2t lviunalulatsaad Tetinnldlunszuiunmswdmitedu wui msl¥adudan

kY s oA [ ¥ 1e :’ 1 = cg 4

Nlgdatinam IdUTnmars resveratrol 1118 uUANYIATY 915 resveratrol 151
Py a e o 3 ar = Y T

msilszneviueaniilsz lominequamn swisdesiumaidalsnuzssdumssniaunane

Y a*f s :‘
ﬂ'ﬁ@l’m5?‘5@8!@%?13']1!511!']5011&1’115aﬂ'i&’ﬂllu'Iﬂ'mclutﬁﬂﬂ (Hasan et al., 2013)
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Syaaand1lean

o as =4 4 T 3
Yaftdand11aletan (Ulraviolet) n3o naegd iuaduwiman T
[ w A v ad o oa et ot i 1 o e = fg
wudstuaiuiadond Ssdunui uaaen uaitruaaiiuaiuuiman dwiiauadu
=] o 1 A T =1 el A = A & oo
sazazlindsniugenaduiman Wihiilanusaduwin dsanuenafuudsundui
A0 NA1IND HFINTANVETIATUTY ANDIZ LazuaIRTnINEIATUEIIZNANND
o o 1 4 ] o o y g 1
a1 uasdsani1laToan nie nasyd iunduutiman luihilinueradudua 100 81400
é F ﬂ' oy =S =1 ) 1
wluwes Falindsougameieznszduldifal§iseuadl arane, walil) Taefigdrnen

WEraiias (321319 VisibleSpectrum AU X-ray) lufadnmaunesliiiu wag liawnsosvd

5]

waaiimunadiu
{400 orn} usalang— | peussiiuns (700 nm)

Sehani/” foie3 Feiduvhusn / niuing

Fidnoniin } Fadunaaih

1¢°m 1B'3m
wan A 53 i g
Uy Uvov-C) ({Ov-8) WY {UV-A)
 § ‘ 4
100 200 300 400 nm (unliiang)

PN 15 Funualaasy (spectrum) 845987803117 o

N1 Arulasoinuee walil)
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L= L) ) d‘l ar dy
Llﬁﬁg']ﬂ'l‘u']‘iﬂuﬂﬁlﬂu 3 Ysznn MuFNANNINAY AU

' A ' A Ao
1. UV-A $33A10817970U 315-400 w1 luas &ﬂuﬂﬂﬁﬂ’ﬂnﬂ'l’)ﬂﬂu‘lﬂﬁ

" '
3 o =

3 ]
wisudfigavesuas TSinagelunaues FuFuussonmdveslanunigais 85.7
w d =2 (R A o @ A o ya o aa o A ‘i‘_l
Tadnoa1auns) 3 liaesiiduasisanmin Twansznuih Indivtiiidaduiiesnndu
A A l 9 o ~ <
Aaudieg lndnuuasnauoariu
L] y s :l\ J S o
2. UV-B 290210017001 280-315 W1 Tuiuas aziinasnuiugevu iinaii
Winal§AsomeFnmanafigauaziinadesaniouazdsves1d neldinans Infives
= @ a 3 a Y N o'
AaM1Ta (sunbum or erythematic) D19 uAUMAVEIMsIAauzSsRImTe1d ualitse Towilu
mssnu Isaraminnesiald
3. UV-C 929A711819081 200-280 11 THNATINGIIU G0N 1199101
1 ¥ v v
anunauduiga Wusednisuniedeseanioldediagunse e ldifans ludou
HAMTe 180Y@ONIA (conjunctivitis) ¥ldauea uazi ldarsiszneulunszanaiyu ua

¥
annsohuiszgadinldlse lemilumsanieluemis 14

MN 16 ¥ NNE1IAAUVD5 TR T Totanuuuae 9

11: Ryer (1997)
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1 o 4 o ar 3 '
M 17 MInzanzanmuigguesnausidsand 1 lemanuuaie 9

117 Michael and Marie-Luis (2003)

Vo Ao ¥V
nmslySaaenihlemalumegamvnssnems

[ ¥

fagiiuiimsiifaddandr laloaaun 1dlunisinuiguainernis nie

° Y A W 3 = d'tw a Al A A 3 o A ﬂ = Vel e

uinlfivedudinisnsgueudegauniametaoignisinusnynilosnmilumaialnuid

] 9 ¥ 9 n’: dyw = aw £ Yo A

5101 liuws naz lil¥anuden (Shama, 2006) NalFalinuItednyins1esed uv-c 1u
a o VYo o o a - ' o d o '

nszuaumsnan 1niva TaomsIn5ed Uv-c dudauurnlasnaiuviinasmsinuineineu

o = d [ ] -1 Yo A ] a 4 =
i lwda 1l wudi eguanfidiums 15ed Uv-c sromuganinlaniviuaglSuiams
v AN 11w oA ' o q 9 e Y e e
resveratrol §4n3104UY17 MM 1UFIF UV-C nazdawam I Iniianduiv dnnaiethinig
' i I = s 4 ' = [ .
aduNHIUTIE Uv-C iivaslunszurunmsvinueanssedvzdawalniimsanams stilbenes
¢ A 2 2 a8 w et '

a0 1u 11NN YY (Guerrero et al.,  2010) FamsedAgiiuaislsznoulungu
e A ot s A - 1 1 =1 @

woaruoaniise Tewilumsilesiunsoannnudssveslsnaie 9 wulsauzis Isaale
é X d' o o

nagvaoAlaen (Jang et al, 1997) H3a0ARdna1UIUITY Guerrero et al. (2010) 1 1d1hS9d
vy = o 3 a s I'd . 1 " = 4 =

uv-c inlfmesilviifanisdunsizvians stlbenes Tuojunsuniswan 121l 31An1sdny
1 = @ ] o g ‘. a = A d? = 1

WU BJUNHIUSIT UV-C  az309i1 19 11l TS unaans stilbenes tiuannaiy Jauiluaqu

o

° 4 o o a oA - {9 o o
dragimnsaimndiulFlunssuaumsnaa Iningaudioas stilbenelfiuiinuayiin

o

Y a o oA a u
HHARNNDN yammmﬂumammmmmﬂ

- ]

dyw == o a :
uonINHEsMIfnyINaveIns 19598 Uv-c Tunszurumswantiunsly
" @ ] Qs 3 = 4 1 a o d o
WU §97 UV-C Hadudimsinigveudenvuaiiselungulnavesy dauazidesvinld
g w n’: o o
ausagaegmanuinuld sansdedawaii ldanuiunsa-vea arslalailuuas

msisznevusavenimaunlulianuasdinnniinis Wldsed uv-c Tauiude 25 Su
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o -4 o't o ' g :' a 3
H8391M3 1 UV-C Famsilszgad 19598 UV-C szaneinpigumwueaiues Ty Ay
¥ ]
aszuunseaatiansomi il 1fiuisasudssd Taelildanudowwennulasanouas
o o’ = a = ar
st ldszgndlFlwFemnalvd 18 (Feng et al, 2013) 9910911778904 Sales  and
Resurreccion (2010) Wu31 m31954d Uv swdums lgaaudand lsinlumsadadifaans
(] -3 v 1= ¥ oy = :,’ n‘ d? ¢'|
o ISinaasdwoyyadase arsilsznoudusa s9uvaeTs resveratrol (AUFIVULLD
= ar 9 ar o1 =1 A o 4 = = ] = P 3 Q N
iWoudumsldfedniendudan luilniiosadrauden wan lalinnummnsaudinsy
o A a a A = =) o a P ﬂ 4
nszvaUMsanan sz dninmussmseangninmeinmludifasiiiluyse Tond
1 P9 A oA o Aw Al Y Yo a v A
ADAUAMLAKLS 10A 1BUADINVNUITON AN IHAYEINT 19597 UV-C denmsnlasuuilas
a* a o c:; = U 1 Yor =1
nA Al Mo wazdnyuzmalszamduiavesdiaaaty nun maleid Uv-C
U = g ) = o L] 1] {
dawalisua TusAugeiiu saeszaomsgapdorsua vl was Tulinadenslaouulas
gamngiiludidasilu dwmsumsnaaeunuseu Tasswmungus laaldinisseusudiaas
] c; 1 Yar o k3 o1 Q‘ = g a  w ] \J a'; = d'. T ar A
uidums 19358 uv-c ludd nau saand diedudalivandranndrdaan lumused
o q’: @ * oy g o o = 1
uv-c anlumsleed uv-c dnaiuithminsauldlumstaeymaduinuddasi

wazsnEINuAINI Insuins 1314 (WSun uazaaz, 2555)
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gunaed
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Unn 3
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gilnsouazitnts

Faqailnsal

o

o ar oo a0 W ow (9 o/
1. nd1duge luvio 1 (UTEM 4155308 $iia Savdag Tuie)

3

1. Lﬂ?ﬂd%&ﬂﬁﬁﬂu 2 AWMU (analytical balance: Sartorius BP 610, Germany)
2. 1nS0eFanATian 4 AU @nalytical balance: Sartorius CP 224S, Germany)
3. mé‘mwuutﬁaaﬁﬂmﬂauﬂfnm%‘aqa (centrifuge: Hettich, England)

4. m%‘aﬁﬂnﬁ@ﬂﬂﬁuum (spectrophotometer: Reyleigh VIS-723G, China)

54 1ﬂéﬂﬂ%ﬂﬂ’ﬂﬂlﬂﬂﬂiﬂ-£ﬂﬂ {pH meter: Metrohm 744, Switzerland)

6. iﬂéﬁ)ﬂ’?ﬂﬁ’la’ (colorimeter: Tri-stimulus colorimeter, Japan)

B ﬁauan%’au (hot air oven: Termaks, Norway)

ar

8. m?maam%’ﬂmﬁﬂ (ultrasonic chamber: SANPA W-113, Japan)

ar s

9. 459ifoans1 11 Tewan (ultraviolet chamber)

10. 195049 HPLC (Agilent LC 1200, Infinity Series)

1, ‘ﬁﬂlﬂﬂ{(beaker)

2. Ma9ANANDI (tube)

3. NIULEN (separatory funnel)
4. NIRRT (cylinder)

5. v3Uwuy (flask)

6. 1177013909 (funnel)



10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.
30,
31

13aU5U151103 (volumetric flask)
UNAUNIAUENT (stirring rod)
vAU51195A1UAAY (round bottom flask)
NILATENTOI (Nylon Syringe Filter; 0.45 pm)
ManAIANMIAANAULEAY (cuvettes)

11150 (burette)

e (pipette)

1ulnstia (micropipette)

tlalanal (pipette tip)

'Ing!ﬂmméf‘:u (desiccator)

mosueiinos (thermometer)
nszdlesezgiiiivuwsourila (moisture can)
Foudnarsall (dispensing spoons)
mmfmffu {wash bottle)

2N819 (rubber)

NTEAIYNTO (filter paper: Whatman No. 93)
ﬂi‘JEJ‘Lj‘h’Lu’tlf, {buchner funnel)
WIRMIIUIAT (stopwatch)

1WA (Syringe)

R1ARINTiLY (aluminum tray)
N33ATBOZQIoNWss (aluminium foil)
938 duran

WITTRAY

=
YIRTU

ﬂﬂfﬁlﬁ (Column: Zorbax Eclipse XDB-C18; 4.6x150 mn, 5 um)

36
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21,
22.

37

. Ethanol (Merck, Cat No. 1.00983)

Hydrochloric acid (Merck, Cat No.100317)

Trolox {Sigma-Aldrich, Cat No. 238813)

Ascorbic acid {(Fisher, Cat No. A/8382/48)

ABTS [2,2-azinobis (3-ethylbenzothaizoline-6-sulfonic acid)] (Fluka,

Cat No.11557)

. Potassium persulfate (Carlo, Cat No.473701)

Ferrous sulfate heptahydrate (Merck, Cat No.103965)

. Sodium acetate trihydrate (Fisher, Cat No.5/2040/60)

. Glacial acetic acid (Merck, Cat No.100063)

Ferric chloride {Merck, Cat No.103943)
TPTZ [2,4,6-tris (2-pyridyl) s-triazine] (Sigma-Aldrich, Cat No.93285)
Sodium hydroxide (Merck, Cat No. 106498)
Gallic acid (Fluka, Cat No.48630)
Folin-Ciocalteu (Merck, Cat No. 109061)
Sodium carbonate {Ajax, Cat No, A463)
Diethyl ether (Merck, Cat No. 100921)
Acetone (Merck, Cat No. 1.00014.2500)
Calcium carbonate (Ajax, Cat No. 1201586)
Sodium sulfate {Merck, Cat No. A924749)
Methanol (Fisher, Cat No.M/4056/17)
Acetic acid (Merck, Cat No. 100063)

Water {ACI Labscan, Code No. LC1210)
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Test Temperature (°C)  Time (min) L* value a* value b* value
1 81.00 37.50 89.89 5.82 41.75
2 81.00 92.50 91.63 541 44.14
3 64.00 10.00 91.08 5.65 26.46
4 64.00 37.50 91.85 5.78 25.84
5 98.00 120.00 75.55 10.75 64.44
6 64.00 65.00 86.89 4.92 39.94
7 §1.00 65.00 89.53 5.90 41.64
8 30.00 65.00 93.46 5.13 28.64
9 98.00 10.00 85.74 7.00 41.81
10 47.00 £65.00 89.20 5.28 30.86
It 64.00 120.00 85.09 6.91 50.19
12 47.00 37.50 9511 5.94 24,11
13 98.00 65.00 806.19 9.44 58.00
14 47.00 92.50 91.49 543 33.05
15 30.00 10.00 95.65 6.62 18.01
16 30.00 120.00 91.43 5.69 30.38
17 64.00 92.50 89.62 5.78 39.96
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Test Temperature Time ABTS” FRAP TPC Chlorophyll
(°C) (min) {mg (mg {mg (mg/g)
TEAC/1g ¥eSO,/lg GAFE/lg

DM} DM) DM)
1 81.00 37.50 22.03 250 7.48 1.98
2 81.00 92.50 14.31 7.69 4.62 1.42
3 64.00 10.00 13.05 10.11 4.96 0.91
4 64.00 37.50 8.22 6.73 333 0.46
5 98.00 120.00 20.62 12.21 7.67 3.91
6 64.00 65.00 16.31 10.16 5.18 0.86
7 81.00 65.00 14.69 11.60 6.31 1.36
g 30.00 65.00 10.59 6.01 3.29 0.81
9 98.00 10.00 19.57 13.66 7.24 2.19
10 47.00 65.00 14.25 9.7 5.20 0.67
11 64.00 120.00 16.18 871 5.45 0.92
12 47.00 37.50 8.71 5.50 3.12 0.35
13 98.00 65.00 21.32 12.49 7.55 3.36
14 47.00 92.50 13.24 8.18 4.72 0.46
15 30.00 14.00 10.34 3.19 2.06 0.38
16 30.00 120.00 13.41 5.88 3.92 0.98

17 64.00 92.50 15.75 9.39 5.16 0.84
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Time (min)
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39% UV-C (Barka et al., 2000)
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Method Solvent (mg/g) sample
Shaker Water 14.80=+0.37
50%EtOH 35.83+3.18
T0%EOH 45.92+1.69
95%EtOH 5.57+0.68
US 28kHz Water 14.21+0.62
50%EtOH 76.7118.16
70%EtOH 76.05+£12.61
95%EtCH 40.1246.14
US 45kHz Water 60.531£0.02
50%EtOH 71.50+0.51
70%EtOH 102.41£21.72
95%EtOH 35.09+4.42
US 100kHz Water 52.92+0.56
50%EtOH 90.20+9.22
T0%EtOH 137.47+1.12
95%EtOH 49.09+0.74

v 9 T i 1 e.;
’HII'IEJL‘H@}: ~ ﬂ'l‘l]f]ﬁ‘l]fliil'ﬁllﬁﬂﬁﬂ'lmaﬂ + mmmmummgm (n=2)
US = Ultrasonication

EtOH = Ethanol
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1996)
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Ultrasonic-assisted extraction of polyphenols and chlorophyll contents

from rice seed lings {(var. Sukhothai 1)

Supika Kaewmuangma and Suthaya Phimphilai*

Abstract

Ultrasonic-assisted exiraction presently is an interest technique for recovering the valuable
compounds from the vegetal materials. This study was conducted for comparing a traditional extracting
technique (shaking) to an ultrasonic-assisted extraction (28, 45, 100 kHz) on rice seedling {var. Sukhothai 7)
sample. In combination, solvent effect (water and various concentrations of ethanol) under 50°C 60 min
extracting conditions were also investigated. Antioxidant properties, total polyphenol contents as well as
chlorophyll contents in the extracts were analyzed. The extracts cbtained by higher ethanol concentration are
more desirable and that the ultrasonic technology can be potentially used in the extraction process to

improve efficiency.

Keyword: rice seedling, polyphenols, antioxidant properties, chlorophyll, extraction

1. Introduction

Seedlings are young plants grown from seeds i.e. wheat, barley, oat, rye, or rice. During
germination, these plants degrade any large compounds into smaller ones such as vitamins,
minerals, dietary fiber, antioxidants, superoxide dismutase (SOD)fatty acids, amino acids,
polyphenols, and chlorophyll (Hattori, 2002).The cereal seedlings are currently found to be
excelient sources of vitamin K, folic acid, calcium and protein as well as good sources of
vitamin C and vitamin B, which are beneficial to human health. Gallic acid, catechin, rutin and
isoquercetinare common polyphenols found in the rice seedling (Phimphilai et al., 2013). As the
rice seedlings are perishable, they have been preserved or extracted for maintaining or
minimizing any losses of functional qualites {Phimphilai et al., 2012).A traditional extraction
method, especially shaking, requires a long period of maceration and extraction (Carrera et al.,
2012). Using other extracting-aid procedures has been recently reported.

Ultrasonic-assisted extraction is a methods utilized for recovering the vajuable
compounds from the vegetal materials (Vilkhu et al., 2008). In 2000, the U.S. Food and Drug
Administration (USFDA) released a report on alternative food processing technologies in which

several solvents, such as water and ethanol, have been used in several processes including
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shaking and ultrasonication to recover active compounds from many plant cells (USFDA, 2000).
The naturally active compounds are valuable in food applications, food supplements including
pharmaceutical products.

This research was aimed to compare efficacies of extraction conditions on total
polyphenols, pigments or chlorophyll, as well as antioxidant activities of the particular Thai rice

seedling extracts.

2. Materials and Methods
2.1 Chemicals and solvents

All chemicals used in this study were of analytical grade. Distilled water as well as
ethanol solution with concentrations of 95%, 70% and 50% (v/v) were used as extraction

solvents.

2.2 Raw materials

Rice seedlings (var. Sukhothai 1) were provided by Natural Rice Co., Ltd. (Sukhothai,
Thailand). An optimum age of rice seedling is 12-15 days after germination. The seedlings were
freshly cut and stored at -20°C under vacuum condition until studied. In preparation, the
seedlings were thoroughly water-rinsed, drained and cut into pieces (0.5 -1.0 cm) prior to an

extraction step.

2.3 Extraction methods

Three grams each of rice seedling was mixed with 50 mL of extracting solvent; water,
95% ethanol (v/v), 70% ethanol {v/v) and 50% ethanol (v/v), in Erlenmeyer flasks. All the
extractions were carried out at 50°C for 60 min using a shaker bath at 120 rpm (Zhang et al.,
2009) or an ultrasonic bath (Honda, Japan) with frequencies of 28 kHz, 45 kHz and 100 kHz.
All sample extracts then were collected into smail vials and stored under -206°C for 24 hours

prior to analyses.

2.4 Analysis of antioxidant activity (AOA)
241 2,2%-azino-bis (3-ethylbenzothaiazoline-6-sulfonic acid) (ABTS ") assay

Radical scavenging activity determination was modified from the method described by
Re and colleagues (1999). Sample solution was diluted before measured an absorbance at 730

nm using UV-VIS spectrophotometer (Perkin Elmer, Germany). Trolox solution was used to
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create a standard curve and the activity was reported as trolox equivalent antioxidant capacity

{mg) in1 g dry sample (mg TEAC/1g DM}

2.4.2 Ferric reducing antioxidant power (FRAP) assay

Ferric reducing antioxidant power (FRAP) assay was conducted using the method
descrived by Benzie and Strain (1996) with some modifications. The absorbance was
measured at 593 nm and FeSO, solution was used to create a standard curve. A result was

expressed as FeS0, equivalent (mg) in 1 g dry sample.

2.5 Total polyphenol content (TPC)

Total polyphenol content {TPC)was determined using the method described by
Pinsirodom and Changnoi (2001) with some modifications. To create a standard curve, gallic
acid solution was used and the absorbance was measured at 734 nm. Each result was

reported as gallic acid equivalent (mg) in 1 g dry sample (mg GAE/1g DM).

2.6 Chlorophyll content

Chlorephyll contents were determined using the method described by AOAC Official
Method 942.04 (2006). Acetone was firstly used in chlorophyll extraction and diethy! ether was
applied to purify the sample. After adjusting to a certain volume, absorbances were measured

at 642.5 and 660 nm. and reported as total chlorophyll contents.

2.7 Statistical analysis
A completely randomized design (CRD) was applied to this experiment. The data were
analyzed using ANOVA (SPSS version 16.0) and mean comparisons were conducted by

Duncan’s new multiple range test. Any significant differences were defined at p<0.05.

3. Results and Discussion
3.1 Antioxidant activities

Both extracting factors; method and solvent, significantly showed differences on
antioxidant activities in rice seedling extracts where ABTS+ and FRAP were observed (Table 1).
Ultrasonication with all extracting solvents significantly facilitated the rice seedling antioxidant
extraction (ABTS-+) comparing to the shaking method. However, water-soluble antioxidants with
ferric-reducing ability were not much different among the extracting devices. Combination of

28kHz or 45kHz ultrasonication with 95% ethanol resulted in the highest antioxidation activities
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(ABTS++) of rice seedling extract with the activities equivalent to 31.60mg trolox per gram of the
seedling {(dry basis). However, lower antioxidant activities were found in all samples extracted
with a 100kHz ultrasonic comparing to other lower frequencies. It has been stated in a literature
that cavitation yield from ultrasonic decreases as frequency increases. The cavitation bubbles,
therefore, tend to be smaller and less energetic resulting in a reduction yield (Kirpatani and

McQuinn, 2008).

Table 1. Effect of extracting method and solvent on antioxidant properties of rice seedling

extracts.
Antioxidantactivities Solvent
Method
(AOA) Water 50%Ethanol  70%Ethanol  95%Ethanol
Shaker 129340387  16.73:056" 1910165  205541.33"
ABTS

US 28kHz  22.38:025°  26.66:007°"  24.01£0.04"  31.60+0.07°
(mgTrolox equiv.

(8 X cWX aW
perg sample, db.) US 45kHz 19.4110.06 25.52+0.02 21.42+0.04 28.68+0.02

US 100kHz  17.66+0.04"  23.82:000"  1951+0.03°  26.22+0.10"

Shaker 7.84 2015  1192+126° 15781270  23.06:1.08"

FRAP y
US 28kHz  7.76 :0.12" 19781047 1997:079"" 27772071
{mygFeS0O, equiv.

dWX bX cY aw
perg sample, db.) US 45kHz 7.78 £0.31 18.7910.07 13.60+0.11 31.04+0.27

US 100kHz  6.96 +0.44"  18.17+0.70°  21.03£051°"  29.93:064™

Data are expressed as mean + SD{n=6).
d
“* Values in each row with different letters are significantly different(p<0.05).
W
zValue:-; in each column of each analytical property with different letters are significantly different (p<0.05).

US = Ultrasonication.

From the study, it was revealed that antioxidant compounds in the rice seedling were
both in hydrophilic and hydrophobic parts, but likely to have more composition in ethanoi-
soluble compounds. High concentration of ethanat (95%), therefore, could be used to obtain the
highest antioxidant-activity extract from the particular rice seedling.

In 2013, Oliveira and colleagues reported similar results, which were expressed as
passion fruit oil extract to solvent ratio, where ethanol was the most efficient scivent. However,
the appropriate solvent was selected based upon the economic considerations. Type of solvent
is one of the factors generally investigated during the extraction and ethanol was commonly
used as a solvent to recover the plant compounds in a conventional method (Hayouni et al.,

2007).
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3.2 Total polyphenol contents(TPC)

Total polyphenols in the seedling extracts were reported as gallic acid equality (Table
2). Traditional shaking with ethanol combination showed slight increment in total polyphenol
contents (p<0.05) of the extracts. However, application of ultrasonic wave with ethanol
significantly increased amounts of the particular compounds. This study indicated that high
concentration of ethanol (95%) could be used to achieve higher total polyphenol contents in the
extract with 28kHz, 45kHz, or 100kHz ultrasonic-assisted devices. The uitrasonic frequencies
used in this study showed smaller effects on the extracted compounds than that of the solvent

factor.

Table 2. Effects of extracting method and solvent on total polyphenci contents (TPC} of rice

seedling extracts.

Solvent
Analyses Method
Water 50%Ethanol 70%Ethanol 95%Ethanol
Total polypheriol Shaker 6.17:0.04™ 6610327  679:071"  6.96:0.08"
contents

US 28kHz  588:0.11" 8.82:0.09" 951:002"  1049:027™"
(mggallic acid
_ US 45kHz 5.22:004" 999:018"™" 69820107 9171014
equiv.ig sample,

db) US 100kHz  5.342042°  9.30:0.09™  9.56:0.19™  9.0040.11™"

Data are expressed as the meanzSD(n=6).
™! Values in each row with different letters are significantly different(p<0.05).

zVen!ues, in each column of each analytical property with different letters are significantly different (p<0.05}.

US = Ultrasonication

Among the studied factors, higher amplitude of ultrasound or ultrasonic could damage
more cell wall, then releasing more antioxidants including phenolic compounds to the solvents
(Hossain et al., 2012). Ultrasonic extraction could increase the solubility of target compounds as
well as their diffusion rate and mass transfer of solvent while decreasing the viscosity and
surface tension of solvent. Effect of different ethanol concentrations on plant extracts was
previously examined (Spigno et al., 2007). In fact, ethanol could effectively recover tannins and
bioactive compounds from raw plant materials, but solubility of these compounds was enhanced

by a mixed soivent over a limited compositional range (Cacace and Mazza, 2003).

© 2014 Agro-Industry, Chiang Mai University



Food and Applied Bioscience Journal, 2014, 2 (2} 151-159

3.3 Chilcrophyll contents

Resuits for chlorophyll analysis (Table 3) in the rice seedling extract showed that both
extracting method and solvent have significant effects on their chlorophyll contents (p<0.05).
Within each ultrasonic frequency, the stronger ethanol solvent applied, the higher chlorophyll
contents were extracted. Maximum tota! chlorophyll contents were found in 95% ethanot with

100kHz ultrasonic-assisted extraction (p<0.05) at 50°C for 60 min extracting time.

Table 3. Effects of extracting method and solvent on chlorophyll contents of rice seedling

extracts.
Solvent

Analyses Method
Water 50%Ethanol 70%Ethanol 95%Ethanol
Shaker 3.3740.39™ 5.33:0.14° 81491596  197.30417.87"
Chiorophyll  US 28kHz 1.75£0.46" 481022 2338811317 270.28+4.68"
(mg/100g)  US 45kHz 5.0240.63™" 28.48:1.12""  20371211.168"  237.104.04"
US 100kHz 6.2242.10™" 14.45+0.62° 187.180.35°  430.30+1.64"

Data are expressed as the mean+SD(n=6).
> Values in each row with different letters are significantly different(p<0.05).
** Values in each column with different letters are significantly different {(p<0.05).

US = Ultrasonication

Ultrasonic waves promote the extraction through the interaction of waves with organic
molecules that are presented in a particular sample. As a result, cell walls are broken and
bioactive compounds are released (Oliveira et al., 2013). Besides, an appropriate solvent
composition for bioactive recovery is the first critical step to be examined as differing solvents
generally result in varying quality and gquantity of extract compositions. In this study, water and
different concentrations of ethanol were evaluated for the most suitable solvent composition for
the rice seedling extractable compounds. Results indicated that the extraction efficiency, which
is characterized by total polyphenol contents and chlorophyll contents, was increased with
higher concentration of ethanol. Ethy! alcohol is a solvent with less polar than water. As a
result, polyphencls and chlorophyll, of which non polar compounds mainly comprised, could be
highly extracted from the rice seedling using the particular solvent. On the other hands, more
hydroxyl group or more polar compound was more extractable in methanol and water than that

in n-butanol and ethanol. Phillyrinin Forsythia suspensa was an example (Xia et al., 2011).
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A combination of ultrasonic method and 95% ethanol showed the highest extraction
efficiency among all examined conditions, suggesting that the ultrasonic vibration has either
increased a number of ruptured cells and/or provided the fasier access for a soivent to remove
solutes from these cells. On the other hand the compounds are more accessible for an
extraction solvent so that the external and internal mass diffusivities increase. Therefore, the
extraction time and the ratio of solvent to sample were reduced dramatically for the same
amount of extract (Chen et al., 2007).

Application of ultrasonication in ambient fluids is well known to cause cavitations in the
samples, which were the same in plant materials (Chen et al., 2007). Cavitation refers to the
formation, growth and viclent collapse of micro-bubbles in the sonication liquid due to pressure
fluctuations. Moreover, the type of solvent can play an important role in extracting antioxidant

compounds and polyphencl from the complex samples.

4. Conclusion

Extraction method and solvent significantly affect the composition of rice seedling
extract. Ethanol and water are effective for recovering antioxidant compounds and polyphenal,
yielding extracts with high antioxidant activites as well as total polyphenol and chlorophyll
contents. It can be concluded that the extracts obtained by higher ethanol concentration are
more desirable and that the ultrasonic technology can be potentially used in the extraction
process to improve efficiency. This study will be applied for the large-scale industrial processing

and preparation of natural extracts rich in antioxidant compounds.
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