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FalasannedTe (M®19INQ)  Antioxidative activities of citrus peels extract from ultrasonic

treatment and its application in salad dressing
UNAnsa

Mandarin and lime peels are rich sources of phenolic compounds including phenolic
acids and flavonoids. The ultrasound-assisted extraction (UAE) proved to be an effective
method in the extraction of phenolic compounds from plants due to its ability to save extraction
time and increase extraction yields. This work aimed 1) to investigate the effects of citrus peel
types and solvent types and concentrations on the total phenolic compounds using UAE 2) to
determine the optimum condition of UAE of citrus peels using response surface methodology
(RSM) and 3) to determine the efficiency of citrus peel extract on oxidative stability and quality
of salad dressing compare with synthetic antioxidants. This experiment showed the individual
and combination effects including peel type, type and concentration of solvent. The effects
showed significant influenced on total phenolic, flavonoid, flavanone glycoside and antioxidant
activity. Mandarin peel had total phenolic, flavonoid, hesperidin and antioxidant activities higher
than that of lime peel. Among three solvents used, acelone was the best solvent for extraction of
total phenolic and antioxidant activity, particularly acetone at 80% concentration was suggested
to use in extraction for both mandarin and lime peels. The results showed that the combined
effects conditions of temperature 48 °C, extraction time 40 min and ultrasonic power 57.34 watt
were optimal for maximizing total phenolic, flavonoid, hesperidin, naringin and ferric reducing
power of the extracts using RSM. UAE at optimize condition increased yield more than 1.77
times of maceration extraction. The freeze dried extract from optimize condition was then added
into rice bran oil salad dressing at 700, 2,000 and 4,700 ppm comparing with synthetic
antioxidants including BHA and BHT at 140 ppm. Peroxide value (PV) and thiobarbituric acid

reactive substance (TBARs) of the salad dressing stored at 30 and 40 °C were determined for 2

months. The 700 ppm peel extract added into salad dressing prevented oxidative rancidity

better than synthetic antioxidants including 140 ppm BHA and BHT.
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wrasiantazatedunsd uazlufiaudazalinaziiarslsznaufusdniuansiiesiu doulug)
UsznaudnansaWuadn neatuuladn (benzoic  acid)  Wartousad Aialwsniuensd

(phenylpropanoid) UMY LAZANLLIY (lignan) (Horax, Hettiarachchy and Islam, 2005)

2.1 @rsisznauduadnluddanuasiansepadu
= ' X
unuarsdsznaufue@nlunldensasiisnsznadniis Funnuinndndauaeaiiia iy
Nxwa (Citrus limon) daugasuldaniiiBanaiduadnsianun 190+10.6 Tadnfusia 100 nFu Wen

funsalaalsaiin nnnndndautilenzurniliies 164+10.3 adaniusa 100 n5y Weusunsa
v L7
Tmalsatin anvianlaandu (Citrus sinensis) ANUaANTIRUA 179+10.5 Daaniuia 100 N5y e
ar ey ) :g .=I=4 = o 1 or = o =Y
nunsalaalsaiin Manndndauiiedunil 154+10.2 Aaansusa 100 N5 WMauiu nsalralsanin way
E 7
wlaeninsvivlgn (Citrus paradisi) H1Fuaiuadnyianua 155+10.3 Haaniusia 100 ndu waudy

E 7
nealaalsatin wnndndowiiainsvignil 135£10.1 faanfusie 100 nFu Wsudunsalaalsaiin
aluulaanuzuniitBnaiuednianiagandanldandu uaz uldandula amudrdu (Gorinstein,

etal., 2001)

HonsegaduilarsinueyyatisszidrdnyAa Warlowend (flavonoids) Fafluansngs
ngfluansisznaviluedn dauauifdeadadiulisaniaannsasiuayyadas (free radicals)
wezdadaeilunisilasiulsn u rannfs rangaiuvaandan duntsdnay uasdnqdunid

(Ejaz, et al., 2006)

Wanlaneadlunalinszpadusiuisauialiiilu 5 agu Idud anTau (flavones)
Hana1Tuy (flavanones) Wa1louaa (flavonols)  #Waawaw (flavans)  wazuauinlaaiiiu
(anthocyanins) Taaluna linszgaduasiinanartuufuamnn Sadssnatlifas  naringenin,
hesperidin, neohesperidosides, rutinosides, naringin WAL neoeriocitrin Tﬁﬂﬁlﬁ‘mm@;ﬂuﬁfnmm
ulfanunnnduuda(Yusof, Ghazali and King, 1990) wlaanuzwaiilnaladin danlouassly

WFunngadlsznaulifon naringin, neohesperidin WAL neoeriocitrin (Bocco, et al., 1998:

Gonz?lez-Malina, et al., 2010)



3. MANNFVBIIBNIFIANANSTHNITANUADNTLATY (Huang, Ou and Prior, 2005)

aet as = !
31 ‘Jﬁm‘.iﬁ’mm‘a‘u,ﬂnLﬂﬂﬂuﬂzmm‘lﬂ'l‘,ﬂ‘a‘mu (based on hydrogen atom transfer
(HAT) reaction)
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Tngaziinensziuaisilazneveslt (azo compounds) fsmufawialfifanisasiafananenshy
ayyaeFeandaifiaiudunueyyedassninsssugai 35n1slunguil Tud  oxygen radical
absorbance capacity (ORAC) assay WAt total radical trapping antioxidant parameter (TRAP)
N e ~ o o P 7 ! o =
assay dnalndsugnslugunisi 1 G@5msnguilazinBurezeen lalasauiinisuanulaa
TneazdnnisFecuasrasarsigeatsaidud nanasilainnisaandindu tiassuuiiansdiy
aandiadi arsdeandinduachiludiiuaisGeuas dealianuduansvigeasasudanasdon
pFand1as dounalnlunsdudaniniineandindunanslugunisi 2-9
X+ +AH —>XH + Ar —ceeee aunsil 1

d .
Wa X - = d@n9szneusneg

AH = @1sAuaandiadu

Initiation
R, Ny — 2R+ AN, 1L annsii 2
Rk )~ RO, L) aunsh 3
ROO« + LH —> ROOH + [+ ﬂl!ﬂ’]ﬁ‘ﬁ 4
Propagation
L+ 0O, —LO0: —---eee- ﬁumi‘ﬁ 5
LOO* +LH — LOOH + [+ - ﬂumﬁ“ﬁ 6
Inhibition
LOO+ + AH — LOOH + As —-- ﬂuﬂﬂ?ﬁl 7
Termination
A+ + (n —1) LOO* — nonradical products ------ ﬂumsﬁ 8
LOO+ + LOO+* — nonradical products ------- ﬁum‘a‘ﬁ 9
il R, N, = @1ssznavaszls (azo compound)

ROO- = ayyanaiannda (peroxyl radical)



LH = mﬁ'r;'i”aéa’u (substrate)
AH = @ngpnueandiady (antioxidant)

'?j'%mﬁmm:ﬁ'lun@juﬁ 1#url ORAG uaz TRAP dnflugesldanssiaunuite fuansdadny
98917581 (probes or substrates) Tmﬂms‘ﬁquaﬂn?ﬂm*i‘i’m:u.tiqﬁ’uﬁ'\ﬂg’jﬁ?mﬁ'ﬂﬁﬂﬁ‘é’qs’iu
1‘1&?::‘1_I1.Iﬂ’1‘j‘1ﬂﬂﬂ‘m"k:ﬂ?:ﬂﬂuﬁ']tlﬁ"l‘.i‘ﬂ‘ﬁfuﬂztﬁiLﬁﬂmaﬂﬂguuﬂ?mi‘: (AAPH), probes (iafiana
ﬂﬁﬁ?m?’;lﬁm‘%u (@ansvlgaalsaiu) uazarsdnuaandiadu lag AAPH fa:gnlﬁmm"s’ﬂmﬁ@ﬂ%ﬂq
ayyaLNadaania Lﬁ@lﬁ?l@ﬂ@ﬁﬁ% wazansdnueandiaduLda aziianisueaiuinl§izeniy
ayyaresaanda lnsasdineendnduasinljisanedssandaiiageiues naaduilgnsen
aunnaudagsvigaaisaiuandminljizende nsGecuasigeasaaudisden anas nalnnas

welvinlfjisenzasarsinuaendinduiasigesisaty uanaluaunisi 10-13

ROO- + AH — ROOH + As ~-ervevee dunsi 10
A+ + ROO+ —> ROOA <c-eercev @nsh 11
ROO+ + PH —> ROOH + P+ reeves aunsh 12
A+ + ROO+ —> ROOA —rrcorev N1 13

] 1
e PH = @13Faunuasaesiy (oxidized probes)

3.1.1 Oxygen Radical Absorbance Capacity (ORAC) assay

38luAT N ANANs INTBIR TSN uaaNTIAT TABa AEMANNITAAAITEILLE
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(-3 a 2 b3 = 9 = e 9 o 9

ayyaLHaFaandauaaANINTBIEIaTanas nlussuuHlSu i@ siusandmduiaaazin i

padLiNIBILdIYgaasgITudanatetnesanis uAdUfuansiueandiaduinanuduaes

waslgeatrdinudazanasii ilesannayyadassieminljisaanvarssieaniinduaunuadou
L

2
W o ar

& 2 © aam ar = c\dgm 9 ar Il 9 2 =
lLﬁQQ\‘m’]ﬂQﬂﬁ‘ﬂ'}ﬂUﬂQﬂﬂLi’ﬂ“ﬁu fJﬁmmuhmmmenmmm uazdnigaldlavanng ANANTTL

gpearsfirueandumdulufituasszuuirenialudasusnaasnisimundsiiiinasld  Bpe
(B-phycoerythrin) il probes ‘%qﬁfmﬁqﬁLﬁuLﬁmﬁumsﬂ@ﬂﬂwa?ﬁu ui B-PE Hdaideuana
vlsznns ldun B-PE n@nunann Porphyridium cruentum wnliluusasaiansu@niiaanuutlslsou
paudaga vananiu  B-PE azilddmae (photobleached) ileagluannzasamemaasadog
plate-reader uazisznsgaving B-PE azvinlfnseniuaisnadiluaaudaddnas widsldlimfnagns

fnanayyadaszadlllussuuiniu vlinieudsnlasuanlivgeaasadudafluasdanscd
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b3 ©
naununisld B-PE95  ORAC m’fluma‘muﬁm:wiﬂqms'mﬁhLf;ﬂﬂ’lunq?ﬁuﬁqﬂwaﬁmz

3
or  ar

(inhibition  time) . Lmzﬂ?mmmsﬁué’qwga%m: lusniiidanisauinunAanlunsiudasie
AuuaFuiunag "ué’aﬂléy‘ﬂ%ﬂ?z u?‘amﬂ?‘mm'lun'tﬁ‘é]’ué?omguua%m:ﬁﬂﬁfmum:ﬂ:mm
WANN13A$197 19995 ORAC  Aetindiating viiadaunuadugn vieasunsgunaniuans
vigeaisadu udainfiguingii 37 eedgaideon wdaidin AAPH ez Tapnudurecus
ﬂqamﬁ'mmsiﬁmmmméu 485 nm excitation/525 nm emission tluaan 35 it Taenls=anng
wasieguungiinelueiesd 37 asduaades Toalunmeaedld ans Trolox (41931889709
Aanfiug) A 45 sz dusisainsgau Weadnaaslunawd 1sineiilddunmning
Winsvl (area under curve, AUC) M’iqﬁ’m')nuﬂuﬁ’]ﬁumﬁﬂmwa‘ﬂﬂﬁ (net AUC) viAlEn
uRFeuiguiunsmaInsgausendaaduduaas Trolox (Y) (MM) AU Ens X) ATl

wamaulululnsluaaas Trolox Aasatinaas 100 N5y

1_2 e — T e e
1.0
\Cg“ s —s— Blank
‘\‘\.\ —#—= 100 pM
0.8 \ . —4— 50 uM
WL A —v— 25,M
e . \'\ ’\ \ —4— 125 M

1

afl R .

Relative Fluoresence Intensity

N
0.2 - .‘E\\;‘;;::\‘
"t:: X *L:“-'! ,
0.0 - T T T T H

0 5 10 15 20 25 30 35 40
Tima (min)
M 1 nsmssnanenNsNLsmgaassmidinduaisedsuaraTIns I

ﬁu'l: Huang, Ou & Prior (2005)

N15iMAR9e3s ORAC 1 tialilduanimmasasnatuaasldtingiavansnig
b 73

|
[ 4

ULATDIAIUA

b2

(multichannel)  Lfialdlnarlunasuaniaagaadlululasmanlddungn Ao

2
el ) b

v
w¥enn1atila 96 ¥a 48 vau wanainmiidiiidendaslasennmail AusiasnLANTgnmMpiinialy

a
[

\Fiang uazgomgiinasiinesiinanldliegii 37 estngaFed dewinnazaieans AAPH a4
dndnyanGamiliAelunimasaaudazailinesldioadiu 1 $alus iesanasuamlsz@vanm
(Prior, Wu and Schaich, 2005)
3.1.2 Total radical trapping antioxidant parameter (TRAP) assay
RiihAsa ldvdnnnineiat orac Aeldans AAPH lumsudnayyainas

aanda nanlduFauiieuiy Trolox uarldansvigaaraduiuansFaanaaduioot udunnsing
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ar a.l-:n:l 9 -:i -i [ ca' or =

Mnsah 78 ORAC anlapnudirasuashanaadiadnseiasasdnnisganauuasvigasisaiuding
3 [} E!Q =y ej A i

wRaumauiunlinem lwanends TRAP sulaBunueandiauiignldhilunljidenlnagiinan

a o e o - v o ' s s A e W

nmsfadfiseadhméan nanlddenesnuuiludlulaiuaseseyyainefeandangniulive
= ] e‘l’d n:!l = -n:’: = ey ‘ ﬁll -3 t 73

#atann 1 ans udanisiliitloymniilasanniiqadugarenlfjisen (endpoint) uaaqn Gaatanali

nanudvaulunimasasld

P = ar = a = .
3.2 AEnshdinnisuanilaaudiannsauings (based on single electron transfer (SET)

reaction)

Eﬁnq?ﬁ@:r‘immfmmmimmmsﬁﬂuﬂﬂﬁLm%'uiuﬂﬁﬁ?mnwa"mmﬁaé’uﬁtﬁnmau
ﬂﬁﬁ?mﬁ@ snsnlamuasdifiafinnsuanulaa@Ednasey Tnansulasudasduiugiuany
Wndusasanssinveandiadu Andrassinuaandduiinaadnduunn duegisazansazanadisa
éu ?J‘ﬁma“luﬂﬁjuﬁ‘lﬁuﬁ total phenols assay by Folin-Ciocaulteu reagent (FCR), 2,2-diphenyl-1-
picrylhydrazyl radical scavenging capacity (DPPH) assay, trolox equivalent antioxidant capacity
(TEAC) assay %38 ABTS ua¥ ferric ion reducing antioxidant power (FRAP) assay inalndauans

Tugunsh 14

X+AH—> X =+ AH + 4 ——eemei AUNEN 14

3.2.1 2,2-diphenyi-1-picrylhydrazyl radical scavenging capacity (DPPH) assay
i3 1
Aatardnpugunsalunsdudedy  2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) san il 2 Tne DPPH iluansayyalulnsiaunidendrania TasaneGuminimaaasaz 1
o v A a ana 1 o] ° Y - e =
a17aLdy WalialiTe1nInINa19AEiETna1989 AIN1IIRAINITAANAULANT AMNENIAAL 515
wlums murzaznainivua wanluszuuiitsinngissineendeduuindsatarsasatafiaz
anadlia nalnrssmaialjienanduannisii 15 Arildaansaugasléivanegunn Idur
waniiluFesaraeanistiudeeyyadass (% radical scavenging activity), ArAnanduduaasans

afiniansnadudveyyadasslifenas 50 amBuineuysdaszGudy  (1050) wiedn

Aarmansa lunassinueandiadu (antiradical efficiency, AE)
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NN 2 TAsedsanaLAaiiaas DPPH
fn: Prior, Wu & Schaich (2005)

Probe (oxidant) + e (from anlioxidanl) — reduced probe+ oxidized antioxidant

#3N190 15

ol el | i y o 3 ) o T -
Fauihaandng Haonuwivgs Moanles warlieiadiaudiaTasdnnisganau
3 b7 v
HAUWINI WiHzdusudnnanssuaasgrsiaveangndulutntnuazinaa el wialuansanadnuas
ua Lyl wilsiwmunzdanfunisiananssnaasgrsiiueandiadulunaiguiiasaingns DPPH faq
= 9 = adod ar /A 9 = ar
avangluiuniues asdsua Winan1eanaznentaalilsnn A5n139ANANITNIRIRNTANUABNTLAT Y

Tunguil 1w DPPH TEAC uay FRAP azilaaudaiusannn (R* > 0.99) AunisimBanniluadn

=

3 ]

wanua Wasnnalnlunasfindfisendunalniesiu (Huang, Ou and Prior, 2005) waluing
=] 9 = -:h-:ic:il e e e ar 7 sc!lcui: Exsicﬂ' 9 Aﬂll|dd{

nrdlansAnveyyadaszualiniinlsrdniniwg danaldsonasiadndaedtauaalinai Lin vie

2 ar :J/ 97 A e 9 mdc’l’ r_'; o] o W ‘ﬂl i o
Winanegadatuiadaneeqdsll asniidsnisdiana lnAuansnaiu

3.2.2 Trolox equivalent antioxidant capacity (TEAC) assay Wit ABTS assay

%
ada

1 =l [ % T ‘ﬁl
2iEsN199RANMENTIRY Trolox ¥

o !:‘; ) k74 = o 1
ﬁm’i'mLﬂuma‘m'}uﬂ@n*ﬁmmuma 0.1

E0 tS
o ¥

P - T = &
fiadluanfrasaspasiundugiayyasasz1as ABTS (ABTS radical cation, ABTS:") @13 ABTS (2,2-
azonobis-(3-ethylbenzothiazoline-6-sulphonate)) Hgmsinsea¥1a astaaalunini 8 Geantaziini
=] c; c‘!l a!F 3 s e = t:il =
azganauuganaNenanay 342 utunns Wagnnsssulindnenyadaszazuldsunnganfunas
nf o o = kf s = s
fANEN2AAY 414 WlNAT UENN1TTR99TUARIARINANNNTRIRANTANUaanT AT LunTs

fudeayanaiaandaues ABTS daldainnisanasaasdluansazans
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i s
/@:N_\SFN—*NiT‘/©/

HO3S Et

mMA 3 TAsads19maLAiiuag ABTS
i3 Prior, Wu & Schaich (2005)

33 Anussalunmsaeendndurassslsenauduean wazrlanluans
=3 =y [=1 9 = ar ac}d o ar -:1l =
anlsznauvednidlugisiueandiniunugsruaaniacudrdngainiga Tneil
Arnarnsnlunassueandnduialussuuaimisuarlusianianysd (Robards, et al, 1999)
2 = ar cg:( & % =4 a o 9
Auatinsa lnssueantniuaniulasaiaesdns idunsaluadnilnouainisalunnsdiig
= o 2 ' a dl = il = d‘ 2 1 5
aandinduiesndinanlanesdilasanniivylansandauaunuitaandivanlavesd grslsznay
Muadniamihiiduatssiueanfinduldnatouuy iy idaayyadasy fudidansn eandiay
nndnleasnseanan uaznidnanyagulefeanlss wluii acuaiunsalunisfiueendinduaes
varlaueadduiusiuaumi uaziFununisunuhaesm|lansendalasanizuy aaumau B ud
t:il i = =1 o 1 o S 2 [} a a 9
nsununaeamlaasandafiaaiumisar bidenavsadanadasuinsellszdniaawnisiinu
= o 1 =i & a an [= 1 dl = i = .:q'
pandiadu L1y Bawaisiu tazuiduaiiu harrlunguranonluwddinglansendauiunuiuu
= o =l 1 = A A 9 = o W = .
QUL B Wiensumiaiaea wudriitlszansnmlunismueendinduliesnan lusasi poawami
! P S Rt a v =la o ' Y &
waz laenilau deiiveflansandaudrsnunumluiiumia 3 uay 4 uwasusou B danaliss@ngnw
9, = ar ' =2 v :’1 ey ¥ b3 = o ° 7
n1siueandiadugand Trolox D4 4 W1 wanaaniunishiiaarinuunun lulasgireazvinle
dsninmnissiuesndinduanas 1y daalaueasnihinmadluesdlsznaviid ORAC Han
[ E -
adnlanaFen bifdaeaadluasdlsznay (Robards, et al,, 1999) uasflanydnwiigail BTG
o 1 -:: 56’ == ¥ o L4 st -] (= 3 o 1 i’/
nuszudnadauiteuin wazdaungeulaiu ialilunamaaasdniusiasindisaasdanlunis

naaasinnansssasarsiueantinduluansine assdanaredtinadlunnstiuduns

as P =
4. nmsannasilsenauuainnianfutdas

a o a
41 Aauaanslgia (ultrasound, sonication)
' o | oo d , - o
Whirdwdes Rilacanegludasiiyayudlisunsalddn lneafudadiiyugsdaiunsn

Idfiudinnundas 16-20 kHz luanuzipuiidaadanslaslinfinaudiegludas 20 kHz B 10 MHz

1
=

dl 45‘ g o 9 o CII :’ =i ' . " si‘ = 4:!E g
LL@Zlﬂﬂﬂﬂuum'\uuq"wﬂ"ﬂﬂlﬂﬁﬁﬂuu’lllﬂzﬂ’ﬂQﬂ'}ﬂ']ﬁL?ﬂﬂ’ﬂ cavitation 'ﬁ\uﬂuﬂ'}ﬂnﬁﬂﬂuuquﬂz

gl’ an l:z =3 { ¢ o
Wasaniadudadran luauai@nunn dezanamilaluniladnung @waluasan) $allg
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Wit 'aﬂnwﬁqaquﬁlﬁﬁ%qﬁﬂﬂﬁﬂﬁzqnﬁ"ﬂun'ﬁ'aﬁmmsﬁﬁmmi TaanasainiAaun
dniiindaauguiedand lulanand (microjets) annsavaamiadadiialdetnimadainly
ma’ﬁs’immmﬁ'mmmsnmﬁ"aa%najmwﬂnmﬂéﬁﬂﬁﬁq (Chemat, Zill e and Khan, 2011)
42 malszgnaldaansilalialumsann
Ma, et al. (2008b) iinsadaanslsznaufuednatnildandilnaldadwdes

. - . 2 : = 4 o
wignAsunudsnisadauuuialil widn nnsaindaaadunBasTasldiuniuaailugisafan

=

aounnil 30 asAgatdaa w1l 10 wai AaelWila 8 dne falfunaaranlu lnalalad uas

a

1Binansaruedn gandamsanauuuvialunaamgil 40 asdndadas w8 daTug
= } 73 d: = ar & =) = i’/ 9

Londono, et al. (2010) #nsldaaudeslunisaiavianlauaad uazHuadnviavuadag
| = v 3 W ' 17
1N Naoungil 40 asATaisa szazoan 30 win Muaanualinszgady 1Hun uzwn & uasdu
au HiBuaiuefnianun 74.80 , 66.36 uaz 58.68 fiadnfuseniu (gallic acid equivalents)

©  as = g 3 W v 1 v g % . . .

mnanay wasnduiesAlscnauasasnalavaas Laun neohesperidin, diosmin, nobiletin LAY
tangeritin TuduAau fasmlsznausasvlanloueedliin hesperidin Waz neohesperidin

Khan, et al. (2010) Anmgataziwnazanlunisannanslsznauiuasn wax

Halauasd luldandy lnelfnirafinfaaafwdos antasimunzanie gunnd 40

AFEaLEaa n1aaniin 150 dm6 uazieniuea 80 wefiius anusaadarueaniianuals 275.8

as

yaansy (gallic acid equivalents) fid 100 NN naringin &2 hesperidin 3 70.3 waz 205.2

o e o i 3 . ] o o as = e = :J/ | 4
Hagan3u (gallic acid equivalents) fia 100 N3y muataL waziisuiuWuaanYiavle naringin Wax

hesperidin 4nndMasn1sanauuLsialyl

5. MsAuNsiiRaandnduAtdIsanaanilaandy

Wuedn uaslanlauen s antanszgaduiigns luntsdneyyadass luantozuadend
whilalasWaa (hydrophilic) wazlaln#@a (lipophilic) uﬂnmnﬁﬁ'\ammmﬂﬂnqw‘és’humma%m:
Tiwaneaila v ayyalansand (OH) ayyaglulafaanlad (0,7 wazfirunisifinesndiaduann
l93%4 (Finolti and Di Majo, 2003)

Zia ur (2006) affaansanulfenduiiafndasarssinsig ] WU UNTUDR AIUTDATA
mﬂé&ﬁmmmam‘ﬁmqaﬁm uazansafnanilendununns 1,600 witslududan (ppm) armnsn
G’f'mmﬂﬁmﬂﬂn%Lﬁ*ﬁ'u'luﬁﬁﬁu‘imiﬂm‘lﬁtﬁﬂuLﬁ'aﬁ'uma?ﬁ’huawﬂ%m:ﬁﬁtﬂﬁ:ﬁ*ﬁﬁm BHA ua

o
BHT fanuidndii 200 ppm
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UNN 3

ad o A o e
AEALULIIUIE

ars

= d = s
ngau 1A3asila ailnsol uazarsiaiinldlunsiae

o

L

-

1.1 wlaandu
1.2 wdanuzung
1.3 'l 1n
1.4 vhihuindian
1.5 v
1.6 ‘13'15]’1@
1.7 A45m
2. grnaiilunisaaanzt
2.1 Folin-Ciocalteu reagent
2.2 Sodium carbonate
2.3 Calcium bicarbonate
2.4 Gallic acid
2.5 1,1-diphenyl-2-picryl-hydrazyl 90%(DPPH)
2.6 Ethylene diamine tetra-acetic acid (EDTA)
2.7 Butylated hydroxyanisole (BHA)
2.8 Butylated hydroxytoluene (BHT)
2.9 Methanol
2.10 Ethanol
2.11 Acetone
2.12 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ)
2.13 6-hydroxy-2,5,7 ,8-tetramethylchroman-2-carboxylic acid (Trolox)
2.14 Potassium acetate
2.15 Ferric chloride
2.16 Sodiumr chloride,

2.17 Anhydrous sodium sulfate
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2.18 Potassium iodide
2.19 Trichloroacetic acid
‘ 2.20 Thiobarbituric acid

3. wsatiauazginsallunisimszi

3.1 gounufau fia Lab Tech §u LDO-150F Usvmetdi@n nmaly

3.2 idsasaaamINg B Cleo 11 COB-404 1lsznadin@n Tne

3.3 Azunsadau Aperture 300 um and Mesh 50 fi¥a Retsch $u D-422759 lszndt f@n

teiassiuil

3.4 wisnadainmin nefies 4 fnuwmis B¥e Sartorius 1 BSA224S AW lssinAduan weasuil

3.5 isnadansalaila B Crest §1 175DAE UssinAHER waiEe

3.6 L#itad HPLG fita Agilent {14 1100 UsztnAdu@n anigening

3.7 Leited Spectrophotometer i1t HACH 3% DR/4000U szinAftanguiganiing

3.8 13u*gmnsmz§a_;cgqmﬂ %0 Sparmax §14 TC-501v Useinadnan liniy

3.9 YALFRRaTTHAR ONNA BE Bochi 31 B-490 szwAdndn adndaasuan

310 iiesinufantmudianuds f% Labconco U SN 26502 szinAtuan auigauidng
4. @ﬂnmﬁﬂ?ﬂmﬁ"@ LLazmmuzua‘ﬁﬁqm*umﬁgﬁmﬁm

4.1 NTTNI1HNTBI whatman No. 1

4.2 Mnuio@a

1.3 DIAAURAULAE

- %
4.4 L\ATEAILNI

ac o o o e
ANITATLUUNITINE

= o c’i’ 1 e g = = o ) e ds,
AMURBULLNIBNITANUNINUIRsRDNLTN 4 AaY A9l

1 mﬁ*ﬁmﬂﬂﬁ@f»’fﬂﬁﬁmm@mmﬁmaqsﬂs:nauﬁuﬂané’qaﬂ%‘mﬁmmntﬂﬁanNa‘lﬁcﬂszqaé’u

2. ma‘ﬁnﬁsmma:ﬁl,um:’lummﬁmmsﬂa‘:n@uﬂuﬂaﬁnmnm%ﬂnrm‘lﬁm:qaﬁué’qamﬂﬁﬂn'w
afafe ARG

3. nMmsulSauiiennlsz@nsnmnisaingnsilsznauiuedn ssudnansaiadanraud@aaiunisada

73 aad of a .
AAEBNITANALLULAN (maceration)

4. nsinmauaniFinsiuninfineennduresasainanuldennalinsznadlundnioe
UG
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al o ' ar a o
aaudl 1 n1sAnwiladaninanan1sanng1slsenauNuadnmgaduldasanidaanaals
EGGE

FansnaaasiuuunaneFaaluwnunismaassuuuguluudenasysal (Factorial in
Randomize Complete Block Design) Ingidnmiladt 3 fladt Idur afiavesldenualinszgadn
aiinreds i et uay Audinduaesansiiliadia tTadedl 1 stinveanldendn uisuday

suinal@enduiFaomnu uazulaenuzung tadefi 2 alnvesansildaia Winufauszudng
MNUDA LaTNUes Wazez3lnu tadad 3 Acudidusedisana WRsLTEuA LT 20, 50
waz 80 wefidud (Banmssietfunng) lunismanedldisiasdansalaiialunisarna dadunsaia

Taeldaatdaandasanun laitiu 60 3n6

s

1. ngRudldlunide
wasndunldluntsmassailuildendnanesinile (Citrus  reficulata  Blanco cv.
. = ar Q‘ a =3 =il :’/ = o
Sainampueng) 818 10 Liay NARNGUAARAALNYS 3 ATAl1E09 HaufuIAN W.A. 25565 ua
LAAUNNIIAN WRENNNIRUE WA, 2556 aanaaudulaadde avnare Sadnidealn
waanuzung (Citrus aurantifolia) 818 4 (R9W NARINGEURANS 1HULAL 3 AFilugaq
\AANFUDIAN WA, 2555 LATIADUNNTIAN WALINAIUS W.A. 2556 anatua Tl d1inaiiied
fmdnfinnilan
: 7
[7) )

paduLazazuaInuuaInlgndaesiu tnndedeeninazena deannlden wazdn i

GUNA 1 ANTILTURNAT AR 4-6 aamilwin ldeuluien dauaniau (Hot air oven) FRATWT 6

a4

Higoimni 60 avAnaaLTad W 2 Fali AauaNTuaasarRe 9-10 iWefidus wdenildinllua

] v 1
paeLaseaun ANt lUseut UG IIn 50 W (300 Tipsaw) inliussaasluaandan Wiud

oI -20 BeAEALTEA AUNI1ASINNRAIIET

2N 4 1URNFNAUIA 1 AFITURLNAT NAULTIDLILIA
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o =l

a1 6 uliandunazuzunn ihldadliuslugauansaunamugi 60 °C
& o % s @ o
AUNSENIHANNAY 9-10 wlafidus

2. nsannnasnslnensldafudes

vhantiannldenduuasnsnafiinisiaeNatnda 1 indaiminBunns 1 nfu mas
WuraRe1una 120 Tadaas anuRNdTazareasll 20 Radans adranalfadintleaiunng
stmarasdnazaaszudnantsaina il ldluAiessans e iadelana191819 16.4x13.3x12.2
VIURALNAT (NN 7) ANATRIAAY 385 NlALESA ANdelAnR 50.93 IR (32AL 5) ﬁ?ﬂfqmmﬁ
fmFunnaaiaf 40 svrTaFed anntudlaesd i iuntsainunm 30 17 sendnansatasedy
aafavnazanelutanfiasagininszduisansiafialfadudssudanaeiidureaman
slesnfiunisaagsa inlinsasrinunszanensaaes 1 thdndlafinsedldfiulumads (nm 8)

4’ o = & =i 9 1
Wannisaaszinnaailaun
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2.1 ?Jlﬂﬂ:ﬁlﬁmmﬂuaanﬁ'wnm (Anagnostopoulou, et al., 2006)

2.2 ApmziFunuatlouens (Ramful, et al., 2010)

2.3 AaszinannTuu 4iln Hesperidin Wag Naringin (Khan, et al., 2010)
2.4 ABTS radical scavenging activity (Babbar, et al., 2011)

2.5 Ferric reducing antioxidant power (FRAP) (Ma, et al., 2008b)

2.6 DPPH radical scavenging activity (Anagnostopoulou, et al., 2006)

= 2/ as ' o W =
NN 8 ﬂ‘i’ﬂ\'llﬂﬂ’ﬂﬂﬂ&lLkﬂguzu'\?ﬂﬁﬂ"ﬂﬂﬂquﬂ'ﬁﬂﬂﬁﬂ?ﬂﬂﬁulaﬂﬂ

Andenafiaveanlfenualiinszgadu 1lavesarsain uazaondinduaesansana Ak

gramsinueyyadass uaztfunniuadngaiga udnirtadadaindnaumaniasimunanly
nsanaanstlsznaufuadndoniadasdansilatinlunaui 2
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= s a
AauN 2 msﬁnmﬂnwwmmsﬂu’lum'sﬂnmm'sﬂ‘izn@u?\luaanmnLﬂﬁﬂnuﬂ'lﬁ'mxga
7] @ = o v =
AN AUNALANITENAAILARULALI

Tnedmiendmanasannaeud 1 AlBunflueaniamageiig sndnsaniazlunis
afnanslsznauueAniimnzay Tnagnnasiane éun AnnH (srTaidea) 1an (W) uas
A8 A (Tme) M lunsaradonisiesdansloiia lasldmaiia response  surface
methodology (RSM) 219LEUNNTNAREILLL Box behnken design fﬁqq@mmﬁﬁﬁﬂm 30, 40 ua
50 aAEaEed szazoafildlunnsaia 20, 30 WAz 40 1R WasANE NN 3 sud (sudy 1 =

30.34 M6, 9261 4 = 44.85 IR WA AL 7 = 59.36 M)

o as 1 =

1. ﬂ'l‘iﬁﬂﬂﬁ‘yﬂﬁlq\i‘tﬂﬂﬂqﬁ‘dl’ﬁ}ﬂ@ul»aﬂﬁ
° o 1 dl [l o’ =4 dl = =5 Y = 7o 7
UnAaetNNiIRANTARIaaNaINAauN 1 A8 Laendn annnoaesdin AN 80

] b b2
wasidus wnalaandudarinminiFuans 105N waalusandenauns 120 Aa3ans ANt

favnazatuadly 20 Aadaans nnisanalasinlillgluiaiasdans TaladuiRafuneun 1

3
ar

TasanivzreanisatAgniMUAaNNg 17 §3naaas Aam1sen 1 Wenliunisaniaiasa inlilnses

HNUNIEANENIBALIBS 1 AEITANIBIGIYEUNNIA FAANIHA 9 1daulaiinsealAiiulusangen

o ' as =
A 9 nsasdandumegansasgyaniAnaIniumMsanansL AR ues

2. NNSHIUNRY
o as r:d' 1 ;73 e © d' P 9 95 9
thansafaitiaunisnsasainde 1 llszmeendainasarseanivaliiiaonudiudusdonga
2 1
STIMEFAINIATYANE (Rotary evaporator) %iMnN123vine 1 a%e lda1sain 100 Radans simed

o a a s o d 3 o A
50 ’ﬂdﬂ’]t'ﬂﬂlﬁﬂﬂ ANAY 100 HARLUNT (mbar) Wuan 5 mﬁ mqmwﬁ 10 WNATANANKNIUNIG
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szmeudaaziidviesd dnmoszguiudaninii 11 hansdananaliiwidoeeiessfiau
qoyuna (Freeze drier) Inalfansain 100 Hadass ussqluaaadimsuududs i luududalu
mueaigamnil 40 esrsais WeliAanAnin LL"ﬁum:ﬁummﬁu%umqq At luug
wisfigaumadl -20 asrgadaa u 12 dalu Anhandnetassmaunngonid fanmd 12
Tiqoannii -75 asraaided aradu 13 x 10% mbar w12 Falue azlfansainanudendad
wiafludnsuzindavenufanwi 13 dafaarnadisen 14 lihissansan@en Sanmil 14 uasfiy

Pgauunil -20 aarsada ihBemzimaaiildun

21 AassiBurniusanian (Anagnostopoulou, et al., 2006)
2.2 Aeszifunumlartouasd (Ramiul, et al., 2010)
2.3 wArzinannnluu 9iin Hesperidin Waz Naringin (Khan, et al., 2010)
2.4 neEeUGMBNIfueyadastiaes
2.4.1 ABTS radical scavenging activity (Babbar ef al., 2011)
2.4.2 Ferric reducing antioxidant power (FRAP) (Ma, et al., 2008b)

2.4.3 DPPH radical scavenging activity (Anagnostopoulou, et al., 2006)

ar & o o = 1% = = Y 9 = =
AndananaziliFunailuedniiansngangn waziignalunisfinueyyadassi

dl 9 © cil ar =4 t-ii/!. = o oa or 9 ol ar = c;i
nan LL@']‘Ié"Iﬂﬂ']’JZ"ﬂﬂﬂLﬂ’ﬂﬂuLﬂLlﬁ?ﬂULﬂﬂUﬂi‘Zﬁﬂﬁﬂ’ﬂﬂﬂ']ﬁ"ﬂﬂﬂﬂﬁ]ﬁl’)ﬁﬂ’]?ﬂﬂﬂLLUULmMIHIﬂ’E}HVI 3



A19199 1 @n9znraianlaandn AINuNuNIIMARBINL Box behnken design

=3
an1aznsaneanlglun1imaaas

amazii :
gompil (C) 1@ (min) M@l (watt)

1 30 20 44.85
2 50 20 44.85
3 30 40 44.85
4 50 40 44.85
5 30 30 30.34
6 50 30 30.34
7 30 30 50.36
8 50 30 59.36
g 40 20 30.34
10 40 40 30.34
11 40 20 59.36
12 40 40 59.36
13 40 30 44.85
14 40 30 44.85
15 40 30 44.85
16 40 30 44.85

17 40 30 44.85




AN 10 NIgsEmERnAsaIeaanand@sEnANIRanduAegnsTIve

AaYINazane (Rotary evaporator)

as o o d
M 12 srsanaandaandainnduisneeasassiinnuuguannid

23
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s = v = ° v al a
NIN 13 ﬂ']‘é"dﬂﬂﬂﬁﬂtﬂﬁ'ﬂﬂﬂuﬂw’]uﬂ’]‘i?‘l’lLLﬁQﬂ%ﬂLﬂi’ﬂdﬁ%LﬁﬂLL‘lJ‘I.I'ZiCI.ICl‘.JI'm"iﬁ

as [~ '
M 14 d@rsannannsildandunuluasadtinaminlildnszs

=l (¥ = a ' as
aaun 3 nasulEauieulseansainnisanadisdsznauiuain sEudensanAnas

= as s ¥ an ar a i
ARULALINUNISENAARITNISANALLLLAN (maceration)

ihdanaznsaianuanzanteIntsaiagslsznetueananulaennalinssadudion

ARLAL9ANNAALN 2 N1 LT lun1maaaalunaui

o = =
1. nMasnaneAfwAIRIegN1E Nz AN

TNANIEAIMINZANAINNENAADIRELN 2 ABIUNAN 48 BIANTAITE TEETINAINTFANR
40 Wi dndalwinfldain 57.34 306 (level 6 19uATaATRTANINAARIT A A WA

1 tY L
wmnzanfign Aniuluntsmasesdadenld level 6) inaddendudaiminguin 1 nfu maslu



PART1UWIN 120 HaRART A nthuiufaniazatgazdlnuadll 20 Aaaans nonasadianin g1y )

A ar = } 73 i 73 t o -] 7 = o 14 [=3 o I ﬂi‘ 2
wraadans A NaN1924196 NN NN e NI uRLa T UAaUN 2 (Rudiatieile
Tradafanmnil -20 asAdadaa .

et L4029
2. MSEANAAQEIBNSANAULULAN (maceration)
] v $ 73
deulAandutainminiBuan 1 0% maslumeadtauan 120 Taaans antuEusg

mazatgaziinuacll 20 Hagans nnisanminlildludrsasarsassansilatia Tnal¥aruiaud
ol 48 asAngaldug szazanisann 40 1 ngbilindsnuedwdesrzndnanisain

:// o o 9 ] = ar t:: (=3 o ] ::;5 v = = =
AMNUUUIHTINTAILASNIULBILTULALINUABUN 2 LNURADENIN LWIN‘J‘J'N} ﬂm‘qumgu -20

AANTALT A

3. WU NAUNITENAALARULR IR AN U NS ANNUNITANAAILIENISAN AN LT
a1l (maceration)

TnouBandinuedlszne miaiaiaasdnsasaildanniaaadda 1

3.1 AmssilBunfiuednianus (Anagnostopoulou, et al., 2006)

3.2 AmsemlBuiaantoueas (Ramful, et al., 2010)

3.3 Tarzinaalun wiin Hesperidin Waz Naringin (Khan, et al., 2010)

3.4 wm'ﬁﬂuqw%nwﬁmaawa%mzﬁwﬁ%‘
3.4.1  ABTS radical scavenging activity (Babbar, et al., 2011)
3.4.2  Ferric reducing antioxidant power (FRAP) (Ma, et al., 2008b)
3.4.3 DPPH radical scavenging activity (Anagnostopoulou, et al., 2006)

3.5 wlefifuinan@nitlé (% yield) (Knan, et al. 2010)

nauy 4 MsAnmAnIIANMIAUMsiineandinduaas@sanaanilianaalinszga
a3 lundnnmsiingan

TnaufFaudiaugninsirueandnduasarsaiailfanudenualinssnaduiiBuins
WANFNY 3 36U Aa 700, 2,000 WAL 4,700 ppm AU @rsiuaandindudaunsed fa Butylated
hydroxyl anisole (BHA) waz Butylated hydroxy toluene (BHT) ﬁm’mh‘ﬁu‘ﬁu 140 ppm 289151104
Tnadn Ltﬂzﬁmﬁ’mﬂ;mmugu (control) (Hluszeiziaan 2 thaw ﬁqmuqﬁlumstﬁu 2 gounyil Ap

oM 30 uazgouuni 40 Bar TN Fea

mﬁmfamm
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1. nsrdmiadnisiugidng

nsttnadninsirdnosidamlszneuldun vhiidng lduas shduaneg na inde
i uasiiannfa Fannsnefl 2 uaznmd 15 Tanduanntinansainannulfandusnianig
azanedneinduaagdmiuieteiildasatnainulaandy dousetineiildansainduasizd
BHA uax BHT Wazanadantingfiindng meiiadaGudaninimanae inde laune thuna
W fudoseiasiunen santhuRnudumemuesianfaudaiunanthiuiledaotu wis
Snitusntinauaztinduanegeandh 5 do anmifurat] minhsndadanud 1 aumnldioan 2 wi
Hnad m’ﬁ'ﬁuﬂg%ﬁmﬂwﬁmuﬁﬂﬁul,ﬁmﬁuﬁﬂﬁul,ﬁuﬁu mmﬁfwﬁuﬁaaj ﬁﬁumﬂ"gww An"e
1 17 Shasaazuiinanas aaminaREidaud 2 afuiiisdusegdau 2 indnauinu
$adnfusidugingamni 5 dau fanwd 16 anthuiniadaiifllusqasauafiinunis

t 1
ginmaudn WBunomanas 200 niu uartlatldaindeninid 17

= %’ or %' a ©
A19197 2 douilsenelredstinasminiusdn

dnuilsenail 150U (nfu) 3104 (%)

sindaan 105 14
YANaNNeTa 123 16.4
VERL AT BIai! 75 10
a8 6 0.8
NAann 6 0.8
launs 60 8

vinshusading 375 50

FANTNNA 750 100




nw 15 dngavdususinhadntsiugidng

! - o § a o
NN 16 NIFUURFNUNFA AU UET9

e R Y

| L3/
= : ‘—“"!-FA—&_&:-!J‘ ;—th—r_{thb
A B C D E i

W 17 ThadnRrassueandinduanalaendn uezasiuesantindudaasedt
A ﬁqﬂﬁmqmsmuau
B: tadniinansdninendinduainildandy acnuidid 700 ppm
C: YhadniRuasdueentinduainilaends aamidudy 2,000 ppm
D: WhasaRussReanfduanigands aosidad 4,700 ppm
E: vnadningnsdneandnduaiin anudiudi BHA 140 ppm

F: WadaRuatsanuaandindusiin aoudindi BHT 140 ppm

27
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2. nathushunihadniadnmavinissuaandadi
ﬁ’]ﬂﬁ’mqmsmuau ihadaBinasiueandiaduannuldandu 700, 2,000 uax 4,000 ppm
Tnadafinatsihueandiaduaiia acnadudu BHA uaz BHT 140 ppm iiulughia (incubator) i
AruANenIATTL 2 grinnf Ae arumgR 30 uargnimaR 40 sarnaaidaa Fanndi 18 uaz 19
Futnadaluszaziann 60 5u Taamsadiaszinisldsuuamieduiadl wasnanianinaes
vadn NN 5 5 lun
2.1 1Bununsalaiudass (free fatty acids) (AOAC., 2000)
2.2 Andefeanldss (peroxide valug) (AOAC., 2000)
2.3 Thiobarbituric acid (TBARs) (AOAC., 2000)
2.4 dannuiluneeang Feieiasinsnanuiiungaaig (pH meter)
25 BnnunIaTaan (AOAC., 2000)
26 AR L*, &, b* daeiAsad Hunter lab scale
2.7 Qmﬁmﬁmwﬂuﬁﬂﬁuﬁﬁ Gingl texture analyser (Liu, Xu and Guo, 2007)
2.7.1 mwuﬂmﬁﬂ (firmness)
2.7.2 ANUA (viscosity)
2.7.3 ANMNAYAA (consistency)

2.7.4 NSNENUTTNINAYNA (cohesiveness)

g as g a’ o - | =
2w 18 haamhausdgninuianugil 30 asArades
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H ¥ o o = a
M 19 draantsiusdagninudianimigil 40 asedaLdes

o < aa
N199LATIZTRRANNSHDA
Apsvidieyanvats Tnedsainsziaoiuuilsilsn (Analysis of Variance) Tagnisnaaas
c&l ar = < Lo 2 .
naui 1 AnnimeassutuudAneFaaluwiunIsnaaeswuguluuaananysal (Factorial in
Randomize Complete Block Design) awasazinafaeds F-Test 7N92AUANEDTW 95%
UBsLRLLANNUANANNYBIARAETEUINIRnAaeaTAtAE Duncan’ Mutiple Range Test (DMRT)
Uszananadaslilsunsy SPSS wafii 11.5 netitauedeyaiiunia
MINARBINDUT 2 MNUHUNITNARBILLIL Box behnken design (BBD) ALATIEHUIENNNS
fingl Multiple linear regression wazlfimatia Response surface methodology (RSM) Tunasun

anziiangn sintlsunsu Design expert dauatayaiiunise uaznsw

NINARBIABUT 3 ALAT12Hasatas tTest auadayaillunise uaznimnaanaud 4
a & v as = o { o = ] 1 =
Ansoiuaan 35 F-Test  NszAunAnidain95% uarnlioufisuanuansnaaediaie

sevinaRanaaaalnedn Least Significant Different Test (LSD) Uszunauasaalilsunsu SPSS

wasiu 11.5 lnatauadeyaiiiimga



=
unn 4
HANI39A8

k73
nATINANeIaaaLLaEIY 4 naw fail

H = o o ' s = a w = P
Aauy 1 nsAnmiaaaninananisanagsilsenauiuasinaograuidasaniddanaalst
nsEnady

Tunammaasaldiasasdangnlaiia ( model 175DAE, Crest Ultrasonics Go. Ltd, Malaysia)
‘:2 H ad o i ar L3 o b 74 =)
fisiAn3n 38.5 kHz Maslniag 50.93 30 annazlunisadafeldanmyi 40 asrnaadea u
30 w ¥ (Ma, et al., 2009)

.:3 = = W e 3 i = ' = ] = 9 =

WanFauisuilaanuas Winszgaduudazaiinnudn HHARABNNENNTATNeYYABAsY
(DPPH: IC,,) 1Fsnmuaanyianun (total phenolic content) 3snturantonass (total flavonoid
content) 153auaduleifin (hesperidin) uaz 1BuNnIUAY (narigin) uansteiuasnsihiaddo

o

Aip < 0.05 wazp < 0.01 H9AIT 3 Tnenlenduiigninmsdiueyyadass 0.72 Naanusa
findans dannndulaanuzing (p < 0.01) Hiasannluulaanduih B Fuadniavais 2,456.71
lagniuanyagansaunadnsa 100 nfu Funnmlarlouesd 2,146.41  fiadnFuauyagas
AYBLTAIAUAS 100 nFN Usunauagulesau 528.77 faandusa 100 nFu udAthBuammBudutias
ndlaenuzunalaniiiien 14.65 Aadniusa 100 nfu (p < 0.05) Fapns19Tl 3 Baarsluedn
Wanlauaed laanlaiiu uaruiiuAuiiguaniilunisfueyyadass (free radical) Tnaanunsaly
latasauazaauaanuylansendaiueyysdasz(iiee radicals) (Benavente-Garcia, et al., 1997)
SganndasmnBdainouiiamnBunamantaues fluwldenduumn sy (Citrus reticulata
Blanco) nuilaanuzunag (C. limon L. Bur)‘%’;qvmdﬂwﬂﬁ@nﬁuLmum'\?‘uﬁlﬁmmﬂafﬂquﬂﬂﬂ'
49.2 + 1.33 Daanfudaniu wnndrlulenuzunadeiliites 32.7 + 1.06 fadnfuseniy fs=ay
"ed1Aty p < 0.05 Lﬁ@d@ﬂﬂﬁ‘]ﬁu’lmﬂﬂ’]’J’}T,uu%‘\‘ilﬂuﬂﬂ’li‘)%"ﬂﬂﬁﬂfiuﬁﬁﬂﬁﬂﬁﬁﬂllﬁﬁixgﬂﬁn@ﬂ
ndrlunzing lnafliffunonaanlesiu 205 + 032 fadnfusaniu gandrlunzunafiliias

9.42 + 0.41 Haanfudandy watTurnmuanluuzunha 1.51 + 0.05 Saansudansy fauinnda

, A a a e o o o ar O o %
Armuludu 0.54 + 0.02 HadnFuslanuisziniadfey p < 0.05 (Wang, et al., 2008) uanainiy

flailsrseunmsufouiiaurainnlunsendnauzung (emon and lime) AunsHvism (grapefruit)
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o e ]

w1 lanauiiBuinananTun 26 Haaniusia 100 n5u uaz laddd 17 adanfusia 100 niu Fetiay

' A & oA e ] as
nanlwnsvigrniii Bunnwlanontuu 27 fiadniusia 100 3N (Peterson, et al., 2006)

A9 3 Msinmzianuulslmuresladananuaznisljduiusseudaiiadasasaiionlaen

L 73
& wiaansana uazanudindugnsain deiBuraduednnaun arluend waulasay uay

wisvay neldaaudeadosluainunisann

Source of Total phenolic Total flavonoid Hesperidin Naringin
varialion (mg 100g™) (mg 100 g™") (mg 100g") (mg 100g™)
Citrus peel lypes (A) XX XX XX XX

Mandarine peel

Lime peel

2,456.71 & 34.97"

2,146.41 +27.52°

528.77 £ 49.13°

14.65 1 1.46°

987.51 + 21.85° 600.83 + 11.37° 257.05 + 18.68° 26.09 + 2,03"
Extraction solvents (B) Xx XX XX XX
Methanol 1,640.72 £ 99.35" 1,247.43 + 99.43° 338.95 +37.61° 23.47 1 1.38°
Ethanol 1,6548.64 1+ 61.43° 1,339.17 +103.37° 286.50 + 31.46° 15,63+ 1.50°
Acetone 1.976.91 £11351°  1,534.35 = 120.13° 545.56 1 64.29° 2262+ 297
Solvent concentrations (C) XX XX XX XX
20 1,592.55 T 92.22° 1,315,611 106.57 187.87 +13.43° 12.38 % 1.59°
50 1,851.24 10675  1421.91% 112.09" 362.39 + 33.78" 20.56 * 1.76’
80 1,722.53 £ 117.74" 1,383.43% 108.54" 648.07 = 62.53" 2874+ 2817
Interaction
AxB XX XX XX XX
AxC XX ns XX ns
B8xC XX XX XX X
AxBxC XX XX X

xx=p <0.01; x = p < 0.05; ns = not significantly different.

Aand B

a,band c Mean values with different lellers in columns are significantly different; p < 0.05 for selvent extraction types

Mean values wilh different lelters in columns are significantly different; p < 0.05 for cilrus peel types

x,yand z Mean values with different letters in columns are significantly different; p < 0.05 for solvent concentrations

Values are mean T standard error

dlenfoudioutinaesansaini dafnansiueuyadasznudi evilnaansoaingis
Fananalaaldadwdasdanlunsaineanunliuiniign arsataiiainlanezdlnuiiqndnisd
auyadaszunndinisldieniues TnsfiBanaiiuedniann vanlouess waziaaleiin
1,976.91 AAANTUANYRUDINIAUNAANAD 100 NFU 1,534.35 HadniuduyaIssnlaimaiiiuda 100

nfu uaY 545.56 NaANTUFAD 100 AFN AINARIAU TININNIINITATAALLUNIUAS UAS LANTUDE
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Favfuiadndny p < 0.05 Far197 3 iilesannesataudiacuuiin (Viscosity) Anfie 0.32 cP 4
fandnumaues uazeneaNTATNIER 0.6 WAz 1.2 cP AMEFL uenanTiezalnudatliduss
Flafia (surface tension) 23.7 mN/cm fandanin Vapor pressure 229.52 mmHg 49n9118n11aaUaz
WNIUaa (Hemwimol, Pavasant and Shotipruk, 2006) Lﬁ@‘l‘ﬁ'ﬂﬁfﬁméfmﬁ'um‘.rﬂﬁﬁmﬁ‘ﬁ'mﬂmiﬂ
%m:ﬁ’hﬂﬂ%utﬁmﬁﬁuﬁnmﬂ'ﬁ’ﬂmmmﬁﬁﬁtt?aﬁug&;ﬂumsﬁ'\mﬂnﬁamﬂﬁﬁﬂﬁmaﬁumn
(Chemat, Zill e and Khan, 2011) Asinl¥ansfifiasnsansoasaasaniniuiainazaelda
LfimlﬁamﬁaummLﬁj’uﬁﬁ"lmmmmﬁmﬁﬁﬂﬁ’mﬂss’fﬂuﬂwaﬁm:‘l}ﬂﬂlf’ﬁ’ﬂ?\:ul,ﬁwﬁqazm"m
wudnirnudndu 80 ulefidud dnnsnaiaansliguanisfiueyadaszgs WBuoduein
Vamie 1,722.53 NaanduauyaIBINTALNAANAa 100 NN vianlouend 1,383.43 Hadniuduya
a3AfeLEaITINAR 100 nFu taawlesnn 648.07 Haaniusa 100 nF LAz W TUAN 28.74 Dadniusa
100 nfu Faannait 3 Genanndesiuanasadeuniiiasnidnnisldasanafinoadiudi 8o

wlefidus wanzansianisannatsiuayyadascinalfaaudasdaalunisann (Khan, et al.,

2010)

nsulffaniussyudniiads wudnlusuaunasaiaiidesldarsainaniuananduduaes
ansaialunsainuldanduiaassiiniinananisain Buiaduedniann Harlauass Fssd
WodAy p < 001 dnasanisanalaanlasin Lasuduay ﬁﬁ‘xﬁm‘lﬂﬁﬂﬁmw p < 0.01 anua
FananotinudiaszinnauFaiianstudnadomaaesiiiUfduiusindiiadaldiom e
18 Rannaas wdgsaianlaendugiaiiBnndueanianun (2,104.20-3,083.61 Haaninanya
aansALNaansia 100 niu) Wanlawaes (1,992.12-2,539.82 faaniuauyaradadaida e 100
n¥u) aLlesiiv (133.91-1,374.20 fig@niaise 100 i) gandrarsainaanildenszunn Fanawil
20 A-C agialsfimuarsanaanidanuzuianLnizuag (10.80-53.39 fadanfusa 100 n3u) %q@a
ndransafnaniliandu fanandl 200 wesdanuandnerdlmuiluasataildiBuniluedn
Fawun WanTauen waile3hu gandaeniueanaziminea tnsawizetadianldanduily
azilouarmididu 80 wefiiuf duaseda Wufanaasdlitinndiueaniamn varlauaes
\anleisiy 308361 HaANTuANYATBINTALNGANAD 100 nFN 2539.82 Hadniuauyaeq
AaLIaiiURa 100 N3N waz 1,374.20 faaniusa 100 N MURIAL ﬁﬁqmﬁamwﬁ 20 \ilasan
axiloupnududu 80 wlefidud fhuasafnifidauaziiaanumiing Wetanldainaisann

uwasndumizaaudasazinliansiueanaananmadielddianazisady
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=i - 5 e, £y = Qs
NN 20 Aualnnauan (A), Halauasan (B), wadilasau (C) wazuisuau (D) ﬁﬂnmmn

2 o a as P ' ar -
waanduuazil@anuzuin sinssann uwazanudaduRwandteiy Tneldnauidasdon

w o a ® =4 o o o
Tumsananguugil 40 € uw 30 i waziaslvidih 50.93 Sad
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af 9 =Y : cad-:: ‘-Ja o o ) = 9
naamgnanssiueyyeddsy DPPH hidsniiunliondwiunnsiiassilunfenuals]
m:qaé’u (Thitima, Sakamon and Naphaporn, 2009; Khan, et al., 2010; Babbar et al., 2011:

Oboh and Ademosun, 2012) msulasuulasilefidus DPPH Sednnsududuresldends
uazulfonuzung Weldsiaresmsatauazaoundudufiuansnaiy uandunwil 21w
ulefifuignanisiiuayya DPPH  sasarsaiaannuldenduiiafndagiamiuen leniues uas
azdlan ifnfunnedumaialudaspenandudu 0525  fadnfudefiadans uazudaann
5 finaniureiiadans azilgnanisdiueuaazAs %\aﬁhqmnLﬂ'aa?ﬁuﬁ?qm%(nnsﬁmmwa DPPH
%ammﬁ’mfaﬂntﬂaﬂnummqimqwéqsﬁﬂﬂmﬁmﬁmmgutﬁﬂmﬁ:uL‘ﬁuﬁumfadaﬁsﬂﬁmﬂq1i¢°ﬁqq
25-12.5 Haaniusiadafnmns uﬁ’qmnﬁquﬁ‘%mﬁ Lfi'aul?ﬂuLﬁﬂqu%rn'\a‘s’huﬂuzg@ DPPH 184
wiaenduatlutae 85.53-94.65 ulafidud '%q'taiumnm‘wmnLﬂﬁ@ﬂuzmqﬁﬁqﬂﬁmsﬁﬂumggaﬂﬁqq
86.47-94.33 Waidus u,ufimm‘l?ﬁmuLa‘jﬂﬁfammqw%rﬂ'wéfmmég@?; 50 wafidui wigaansann
anuldenduiitsz@vinmmsdudiininGenazna deenliFunasaiatonnd dmsy
ms‘ﬁu&q@wﬂ DPPH 7150 ulefifud Gesenadesiuaniduans Thitima, Sakamon and

Naphaporn (2009) 71318119905 n3siueYala DPPH #1 93.9 ulafidus sasldulaannzuna 500

NeANFFBNAAEAT UAZI189ITEN Babbar et al. (2011) isresnudnuldenduiignsnisfuenya
x:i o=t & o 2‘/ = & sﬂl £ ¥ = o :’:1
DPPH # 83 wladidusl aniunsaiasiziiiengnalunissiueyyadiass DPPH Tugiliininasduds

a[ 5 G s ' ° i g 5 o o
#1 50 wlafidud (IC,,) Asilprmwingandanisieszilug luuilefidusd
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80 ‘_::.- -
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& w0 A @
& -
E 60
;-
w =0
g 40 - .
g P —+=Mandarin peel éxtract with 2096 methanel
g 4 l é’ —@—mandarinpeel extract with 50%% methanol
E P of ——mandarinpeel extract with 80%% methanol
E 20 - "1 =% lime peel extract with 2096 methanol
= —8- lime peel extract with 5026 methanol
10 f' =4= lime peel extract with 8096 methanol
0 T T T T T T T T T ¥ r

0 1 2 3 4 5 s 7 8 ® 10 11 12 13 14 15 16
Concentration (mg/ml)

100
20 & 4
5 -f | — 1
- o
30 - —‘,-'-__4__-::_:___.‘
= perewstmenkms
= 70 - —::".'-':"",.
-
g 357 (B)
= 60
&
# 80 -
et
B
& 40
£ —+—mandarin peel extract with 2096 ethanol
g 30 - —s—mandaxin peel extract with 50%% ethanol
B —a—mandarin peel extract with 8026 ethanal
E 20 ~+=limepeel extract with 20956 ethanol
s % ~B= Jime peel extract with 5026 ethanol
10 —A-lime peel extract with 80%% ethanol
u _ T T La T — T T T T T T T

0 1 2 3 4 s 6 7 8 o i0 11 12 13 14 15 16
Concentration (mg/ml)

100
y & + == i -4
90 - * g o P S— e =
e i il
| 7
& 70 el ©
3 i
= e
E e .:’1’
2 P
i
® S0 - D
5 '
%‘ l'::”
£ 40 - T
g W'l —4+—mandarin pe¢l extract with 20%6 acetone
= ag A —®—niandarinpeel extract with 50%6acetone
:g - —d—mandarin peel extract with 8036 acetone
k5] ¥ =%= llme peel extract with 2095 acetone
& 20 - g P 2
= P =&= lime peel extract with 509% acetone
10 i"l 2 =d=llme peel extract with 3086 acetone
k< e
Qg - T T T T T T T T T T T T
1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Concentration (mg/ml)

‘{ e kS ~d ar
MW 21 gnamsaueYyaddsz DPPH anuldandy uazulfanuzuna Tneldansaim
= 2 ' v o
Muaa (A) tanuea (B) uazazdlau (C) nanadndudie g Ineldaduidesdos
Tumsanahguundl 40 asAngaidad uu 30 uail waziaslwiia 50.93 S
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tladtdiriiasanlaon alingrsain wazAnudiuduansain ﬁ%n‘ﬁwaﬁaqwﬁmsa’ﬁu
BADATT FRAB, DPPH UaT ABTS fszAuidndty p < 0.01 uanalumsedt 4 Tasnldendus]
ey mﬁuﬂ'ﬁngqmnmwﬁ 22 UATANTT 4 dmalﬁmsﬁqﬁagnﬂa%a‘:@a AN

dlafisanmaljintusszuineladoiaunBoudiauiun 18 dmaass fanamd 22
wudnansamanulaanduilgnnisdinueyyadass FRAB, DPPH uay ABTS 1,676.31-2,521.50
fiadnFusaniaana trolox sin 100 N5 0.61-0.86 uax 1.12-1.47 fadniudaiiaddns Audad fa
gandnarsainainulasnuzune lunlasnduifuadnuay Wanlowesmiuarsiishls= @i aawlis
lalasiaunaiueyya DPPH 1fleusinfu BHT (Babbar et al, 2011) wazdsafnainuldentia
msrnaduiqrisnisdinuenya DPPH IC,, atiludaq 0.46-0.78 iadniusefiadans (Su, Shyu and
Chien, 2008) wazlunldandumanaiuannsainod e’ Wiy Fe® IdFndauldandusiinbur

(Ramful et al., 2010)

=5

azdlmuiuairananangnaesnisnaaasil Ins1signanisfinuayya FRAB Angn

q
£ [

A -~ = dld (=1 o = =g o o d{ o | [ =4y =
Luﬂ\?qqﬂ@ﬁ‘ﬁiﬁ]u&]u&'ﬁﬂuﬂqqﬂLﬂu?]'] ATTHAUALACLLINATINIANNHAUN Lﬂﬁﬂmﬂ'}?ﬂ?:ﬁﬂ'ﬂﬂﬂuﬂﬂﬂ
mvaanunlidne (Gorinstein, et al., 2001; Hemwimol, Pavasant and Shotipruk, 2006: Li, et al.,

2013) usignsnissinueyya DPPH uas ABTS LiauegiuaiinsesannilasannldanGuinnies
R &l or © o 4:5 W 1 ar A nﬂl 4ﬂ'
AN AUTRFIAUN p > 0.05 LluansinafufenIni 22 uazmis19i 4
A A 1 o o g % . Jo - 2 o of B
watanFunanilugansanaaznnlfaouiluda parunilauazusnsaniaaasansainio
1 :
unTudanalinisaingsiuadneanunanndu (Peterson, et al., 2008; Tripoli, et al., 2007) d114
arrananiiugsduvisdunnndd 50 wefidud Anldss@nsnmnisanaarsiueanandanau

Wudumandt 50 wlesidud (Musa, et al, 2011) Fatldandunatadonas@inuaaududy 8o

= v

wadidud Hqndnisdinueiaia FRAB 2,521.50 §ia@nugdaiaaea trolox sia 100 niu Algatisdy

Ll o’

WadAY p < 0.05

o
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d ~ ar ar _ or 6—- ) s ]
A1999 4 Msdasziauilnlnusestirdananusznisdfaniusiendnaiiadaues sanlden

&1 ailndnsane uaranadiuduasain egrsnisfiueyysdass FRAB, DPPH waz ABTS Taald

paudsadasluauaunsans

Source of FRAP Radical scavenging activity (IC,,)
variation mg Trolox equivalent  pppH ABTS
Citrus peel type (A) XX XX XX
Mandarine peel 1,917.61 * 34.10° 0.72 +0.02° 1.26 +0.03°
Lime peel 523.68 & 14.52° 499+ 0.14" 9.46 +0.18"
Solvent type (B) XX XX XX
Methanol 1,002.11 X 8.88" 263+ 0.48° 548+ 1.04°
Ethanal 1,053.10 £ 8.66° 331xo061° 579 +1.03
Acetone 1,561.71 % 8.30° 2.62 +0.47° 4.80 % 1.04°
Solvent concentration (C) XX X XX
20 1,166.33 £ 96.13" 3.01 L 0.56 5.66 1 1.04"
50 1,211.12 % 09.55" 283 % 0.52” 5.39 + 1.04"
80 1,283.53 & 10.65" 2.72 0,50 5.03 %103
Interaction

AxB XX XX XX

AxC XX ns XX

BxC XX ns ns

AxBxC XX ns ns

xx=p <0.01; x=p £ 0.05; ns = not significantly different

Aand B  Mean values with different letters in columns are significantly different; p < 0.05 for citrus peel types
a,bandc Mean values with different letters in columns are significantly different; p < 0.05 for solvent extraction types
x,yandz Mean values wilh different letters in columns are significantly different; p < 0.05 for solvent concenlrations

Values are mean T standard error
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anduviusazndnsituednianua WanTouend aauleiau uazuiiuan fugndnisdiag
aYABATT FRAB, DPPH uay ABTS sasarsainainiaanduuaziaanuzunadands Pearson
correlation coefficients wandlun1s1efl 5 astlsznenfusdniamunianduiusiGaaniiatugns
msdiueyyadas FRAB T = 0978 witlanduiudideauiugnanisdnueyyadass DPPH uax
ABTS #i r = -0.939 uaz -0.949 masdu Tesanadasivamisaneumhiisnaunnusanadas

amdnsilsznauuadniugrsnissinuayyafiass (Ramful, et al, 2010; Babbar, et al., 2011;

= ar

' v ' -
Musa, et al., 2011) fandniunanloueadianduiusidauoniRiugENseueyYyadass FRAB
r=0.973 wazlanduiufliauntgnsnisfiueatass DPPH Uas ABTSfir = -0.950 uaz

=]

-0.966 muardu iantanesdlidigmslunisdinueyyadastiandinsailuedn (Babbar, et al,

2011) Favlanlaanadiinamasiagagninaneldennndnanslszneuue@nsioaw) Wak unisais

ﬁQﬂﬂgmﬁm (Biesaga, 2011)

A131991 5 NsAlATzianduRuiresgnanisinueyadassiuvuaaniaun wanlouass

AL laIA M LAz uAL 1a9g1ran AN aanduuazulaanuzuag

Total phenolic Total ; Hesperidin Naringin FEf‘fC\P HER LS
-1 -1 -1 s 50, 50,
(mg 100 g") ﬂavonond] (mg 100 g (mg 100 g™ (mg Trolox (ICsp) (1Cs0)
(mg 100 g™) eql00g’)  (mgml') (mgml")
Total phenolic
(mg/100 g) 1
Total flavenoid
(mg/100 g) 0.973** 1
Hesperidin
(mg/100 g) 0.575%* 0.495%* 1
Naringin
(mg/100 g) -0.311%* -0.361%* 0.157 1
FRAP
(e‘q“,glg‘;‘;;“ 0.978++ 0.973+* 0.571%* 0.328%* 1
DPPH (ICs)
(mg/ml) -0.939%* -0.950%* -0.482%* 0.239 -0.941#* |
ABTS (1Cs)
(mg/ml) -0.949%= -0.966** -0.502%* 0.250 -0.955%% 0.984** 1

+*p <0.01
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ARAUN 2 m‘iﬁnmﬂn'n::ﬁmu'\mN’Lumsﬁﬁmm'sﬂs::nfau?‘lu'aﬁnmmﬂ%‘@nm‘lﬁmxgﬂ
v 3 a o e
AUAMELNALANITANAAILAAULALIS

saulsfuililuntananesil 3 dawls fe goamgil (x1) srazaan (x2) uaznEaaE) lu
qyaunnsaRnAasAa Al f T 3 19UEUNNINARLILLIL Box Behnken design l4Amanas
Fauua 17 Rmaaed e 17 AMAset MntmeaasaiiemAinetauesterawlsnie Y ldun
Bunousanan (Y1) HuaAniamn (Y2) wazrlantouasa (Y3) Fa9N3197 6 W91 e 17 annns
gnanaialfunmunandneglutos 2045 - 26.28 wlefidus (i) dlesaanuldendulu

o

wiazdoeggniadituimasdrdgyagluulfanfiuansrame denaldiBungasaian il o

ar

wAnF1aRY (Goulas and Manganaris, 2012) FearsdAnyldud arsngu Tnavluea viantauesd

EaLla3n L wazuisua (Wang, Chuang and Hsu, 2008; Khan, et al, 2010; Kim and Kim,
] 8 v 2
2011) FalusnddaiinBuaiuadnienun wazdanlouesd %e 17 an10znisaia atfludaq

12,922.26 -15,262.47 HAANTNANLATDINIAUNGEN AB 100 NFULAT 10,985.61-12,977.20 Ha@niu

AUYAUDIADLTETNY Fia 100 NFU AHATGL
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A9199 6 YFnounanan (% vields) nadnianun uazranlouesd anulasnduildandwdea

dagluaunun1sanin AauKUN1INAKELIL Box Behnken design

Independent variables Dependent variables
Yield Total Total
Run X1 X2 X3
phenolic flavonoid
‘c) (min) (watt)
(%) mg/100g mg/100g

1 30 20 44.85 2942 14,385.52 12,227.16
2 50 20 44.85 24.21 14,435.62 12,271.21
3 30 40 44.85 23.72 14,488.68 12,313.65
4 50 40 44.85 25.80) 14,853.66 12,624.02
5 30 30 30.34 20.45 12,922.26 10,985.61
6 50 30 30.34 22.38 13,447.61 11,429.00
4 30 30 59750 21.04 14,987.79 12,743.25
8 50 30 59.36 24.41 15,019.87 12,764.36
9 40 20 30.34 P1.97 13,464.61 11,438.58
10 40 40 30.34 22.95 13,394.81 11,384.97
11 40 20 59.36 23.30 15,096.55 12,829.87
12 40 40 59.36 26.28 15,262.47 12097729
13 40 30 44.85 23.76 14,808.50 12,588.08
14 40 30 14.85 23.80 14,619.73 12,426.01
15 40 30 44.85 24.01 14,663.83 12,463.01
16 40 30 44.85 24.01 14,673.44 12,473.83
17 40 30 44.85 24.34 14,635.62 12,441.10

X1 = temperature ("C); X2 = time (min); X3 = power (W)

anmedi 6 tilethAnFunaasaiaanudends lwdsrandnisoanes
WU (Estimated  coefficients) dMuiuaunisiidsaas uasdiaszidraauwlslson Iduanis
VIAABIRIANTNT 7 W goundl szaziaan wazndsuiililunaunsainiinade B unoumanan
i Ausaniionun uaziantauand (o < 0.05) éqﬁmal‘uﬁqmn anAdulszaninsoanas

U ] 3
WU DM srazoan uaziidaliil asinliBunaansaiaanulfenduiag
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An:\ = 1] ] = e s < = ! o s
Tunuzhaninasinszndnguugiinussaznaridulss@ansnisonnasludaudiviuiuin
v ] 1
rananviavae waaviniiadugomgiiiuszaznanlinieny fu il naasainannuldandu
(] = = e ] 1 [ P -D ar = = = o o
anad at19 lsimudninadausendnguuupinuinaaliiiiidulsz@nsnsannes ludeaudaniy
Funaituedninmun uazrarlouesd uansdndladingoumgiuasidalvliinlwiaus) fu fals
Bunuarsanaanulaanduanas Adunisrauauasdalfuinnanan (Y1) Auednvianua (v2)

uazanlauaad (v3) Aldananiaznnsaindeannisi 16-18

% Yield (Y1) = 23.98 + 1.20(X1) + 0.91(X2) + 0.91(X3) — 0.88(X1)* + 0.68 (X2)* —
0.14(X3)" = 0.18(X1)(X2) + 0.36(X1)(X3) -+ 0.50(X2)(X3)

’&Nﬂ’l?ﬁl 16

Total phenolic content (Y2) = 14,680.22 + 121.56(X1) + 77.16(X2) + 892.17(X3) - 174.79(X1)*

+ 35.44(X2)° - 411.05(X3)>  + 78.72(X1)(X2) - 123.32(X1)(X3) +

58.93(X2)(X3) AUN15N 17

Flavonoid content (Y3) = 12478.41+102.37(X1) + 66.63(X2) + 759.56(X3) — 148.25()(1)2 +
28.85()(2)2 - 349.60()(3)2 + 66.58 (X1)(X2) + 0.0196(X1)(X3) +
0.1947(X2)(X3) AN 18

anaumsirafusieganannisiinnaumnzanfunsiane e v1-y3s 411900
A NN P value 789 Model a2 Lack of fit 398318 H9AMUIMINE 8118l IARRINENATT WeE AL
Timnzanresannisreluing Gsaingunisia 3 el P value gasluinaimeLaLarafals
Y1-Y3 #ANteand10.05 waz p value 9@4 Lack of fit IsdunIsnauauassiasiamls Y1-Y3 e
0.092, 0.315 UA¥ 0.352 ANFIF Faanndn 0.05 atlfrasaanliivunzanaesannig uaneda
annIsiAUMEzaNAuN TR B alnanAnansatnannulaandy Bunafluadnianun
wag varlouesnd Famsad 7 matiaunnst 16-18 anldidtennunsdauls Y1-v3 faonausiugnly
nsAeT 97.50, 99.34 e 99.37 % ANAIRL AN RP (0.975, 0.9934 UaT 0.9937) Fadadnil

i o J ' .;I ' o ' i 5
AMHUNENE TaA1 R* NflAvuusindnganasiiAmnnndn 0.8 (L, et al., 2013)
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) d o = qr o 3 -] o . .
f1919N 7 ﬂuﬂﬁ‘m‘nﬁmmmnﬂmtuuwv]mu AMMTUANNTITNIRIADY (quadratic polynomial model)

waznsaaTIziAILLsls (ANOVA) aastiunniuadnianus uasanlauess anuldsndy

o o : .
Pldaaudsadoaluauaunisana

Parameter Estimated coefficients Prob(P)>F

Yield Total Total Yield Total Total

phenolic  Flavonoid phenolic Flavonoid

Intercept 23.98 14680.22 12478.41
X1 1.20 121.56 102.37 <0.0001 0.0047 0.0044
X2 0.91 77.16 66.63 0.0002 0.0362 0.0311
X3 0.91 892.17 759.56 0.0002 < 0.0001 <0.0001
i -0.88 17479 14825  0.0016  0.0038 0.0034
) g 0.68 35.44 28.85 0.0063 0.4177 0.4261
X3? -1.04 -411.05 -349.60 0.0006 < 0.0001 < 0.0001
X1xX2 -0.18 £ 82 66.58 0.3621 0.1046 0.0991
X1xX3 0.36 -123.32 -105.57 0.0885 0.0223 0.0196
X2xX3 0.50 58.93 50.23 0.0278 0.2055 0.1947
Model <0.0001 < 0.0001 < 0.0001
Lack of fit 0.0921 0.3156 0.3523
R’ 0.9750  0.9934 0.9937

fuflaneuanasieFinnmandnaisainainudandy foenisadaianiozsiae Tneld

ARMEEN LARIEINANT 23 Wi Lf;fal.ﬁufqasuqﬁﬁmzﬂmmlmmumm A il naman@n
B3R saf AN LLﬁiLﬁ'mﬁuﬂmuqﬁLﬁu 48 paAIRBuATIszEEIA" 35 Ba 40 W1 1Funn
nandnTeg At TianasfanIng 23(A) uanmﬁ@mnﬁmﬂﬁuqnmqﬁ warnaslviviraag
adwdedlnion Miluauaunisaia wusnBunamandntasaisaiadiliungety Faaand
23(B) tmmﬂmﬁlmzamméquﬁ"nﬁwﬁa‘tﬂﬁ'}mNﬁ?ﬂ'uLﬁm'lﬂw%’ﬂm nuluzuaunisana wudn
ununandnaasarsafaiifFunanfiadu danani 230) %mqﬂ%’qmuqﬁ%mﬁu 40
avraaided lwauaunisaiadosrdwdasanunsoinataansssneniiueanunisld (Khan, et
al., 2010)
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Yield average
g
=

4000

B extracton time

2000 306

(A)

2472
23162
2252
2142
bk

Yleld average

£93%

Yield average

(C)

& 3 as i ' = '
N 23 AuRamauduaIsEuIenanlsadsznalsnnnanan Tneldpauidasdosly
as o ar i s P |
ASANA AN A AINIAINHAT 4 level, 45.32 TMA; NN B ASSELNSANATN
o =
30 w¥i; MW C AAMUDANISANAN 40 BIALTALTE

NuRmauauesra FunAueananua ﬁwmmﬁmﬁﬂmq:ﬁhﬂ TneldpauAe fanan
=

7 24 WU EARNIZEZAMIENAAIN 20 A4 40 1T BN ueAnTanuaAaud19AeR wilila

q' = [ = :’, ql tg
Wsgnamgiluauaunisainann 30 D9 50 asAaadaa UiunnfueAn i ua T ana9a
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UUINGY 45 avrdadea Tniswinszaznansainsnivgamgidmalitfannfluein
:” ﬂi! % or H [] o b c{ o:;l ° as o o ] ot
RanuALNaN Gan i 24(A) winnsadadoaadudaalaaniaiuniaaldfindusoudsudndaniuy
ar b7 = b 3) ‘ﬁ‘ - 1‘/ ar IJ
aduduszazoa uazanmpiilunisaiailunisiianBunnduadnianun Ganwi 24 (B uaz C)
- A 4 Ay P o A . = 5 '
HA9NARWALH LA nunaInIiin (Ultrasonic transducer) NN AN IRIARUULANFNG
or 5 1 o o e P 3 1o = Y o o ar =
nuavadiulFununidarhnldieundaindia lunismasasiildnduanudiniuaFrendudag
ar o‘ d' 5 o ar S o k73 qi 1 o 9
PAWIUAN IR nAaIN1Tl sz ug anaa Asanilusiatungnrosnsunzaudanisanalae 4
NAWIUEBE 1949 30-60  TmE wudanaslanasmesdanazafinlFunanisanalalan nasifiu
WAWIUAN 30.34 1104 59.63  @runsainEuaunasan alFunafueannanuaniuiua o
. da X4 o W o - N .

PRGN UNLANTY LummnﬂaulﬁﬂWﬁlwmmnwLﬂmﬂﬂammmmmanwuwmmugqmmm
d‘ a; ar & g © 7 d' 2 s\ 9 o
WUz gneandauaariasaai Lo N1 Wa1snfAain1saauIsangaaenanigad Lisanisa
(Hemwimol, Pavasant and Shetipruk, 2006; Ma, et al., 2009; Khan, et al., 2010; Li, et al.,

2013)
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total phienolic
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& a 1 a’ Y [ a & = '
Mn 24 NufanauduasszuInanawlsadssaalsunuAuadnninnn Tnaldaauidaqdas
s e o = ar o of
Tun158nm NN A AINIRINAIN 4 level, 45.32 TA; AW B AISTaAZNISENAT
P~ a o o
30 ¥ MW C AIYUINNANITANAT 40 DIALTRLTEH
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fufomeusuesieFnamanlouand ﬁ’qammﬁmﬁﬁquﬁﬁﬁ TneldnAuides Fannd
24 wudangmliidnunizadieiunsiuedniamn Aeszanoanisaiaianin 20 f140 wil
Bunmantaessdeudand le‘iiﬁ‘aLﬁﬂﬂﬂ&ﬁgﬁlﬂ‘ﬂﬂﬂuﬂ’]?ﬁﬁ'ﬂ"ﬂﬂ 30 D950 avANTaLTeE
Ll?mmﬂmhuﬂﬂﬁtﬁu%mmmﬁm'ﬁqqamuqﬁwﬁ'q 45 asrgades nafinsvavaansoniy
oAl Bunamantouesfifisiu fanmd 25(A) dasnnin udnsaradasniudedaenis
Lﬁnﬁqﬁq‘tﬂﬁ'\Lﬂuﬁquﬂwﬁnéquﬁuﬁquﬂﬁ'ﬁm WunandianBuanmdantonand uavannda
Hnlazdndnsonnesvasindaliiinlumsneil 7 fiAngaiianii 750.56 faiuilunismaaesiinisarin
Fonedudsadteaiavailouesd ieldidaliiindaniuiiadeaueg azinliviarloven fiFunog
WA UGN 25(B wazC) L°ﬁ1.s|,'5'~.aqﬁ’un'1?ﬂﬁ’mﬂu@ﬁn%&um Lﬁ'aaqqnvlmiqwaﬂﬁl,ﬂﬁlmﬁn

gaviiilungulvainga Wuasddsznaundnluiianssnadn (Peterson, et al, 2006:

Prochazkova, Bousova and Wilhelmova, 2011; Oboh and Ademosun, 2012) aanalitladey
danasianisadniuaanyionun uazdenasenisainranlonesfinileuiu uazinWguaas

b74 b 73 74
nsNuHAnaUd LI uaanTianNa uazianTouas Al AN IZAReIT
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& a 1 ar = ] =
2N 25 WuRanauduassEuImanlsddszaaisuiunanlauasn tneldafuidasdasly
as o ar o ar o o
n9anm AN A AIAIAIHNNN 4 level, 45.32 TRA: NN B AISLEZNISANAN
=t a ar o
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anranmasesudt Bunaaaulaiauainulaendu fiunisafndan admdedd
ANITHIN 117 amaz W Bunonsauleiau wazuuAuet U199 5,805.66 - 6,647.72 waz
4464 — 54.42 f@Anfusie 100 NFN ANEIE Fansed 8 iesannulaanduiiviananluw
Inataladfidniny Tdun wanladauinuunliduuamnise wasududunuunluzng Sagns
ﬁqnﬂ"\qﬁqm‘ar“tunﬂsﬁqumygaﬁmnmzﬁnéhL%aﬂﬁuw?ﬁ (Peterson, et al., 2006; Ma, et al,

2008a; Chemat, Zill e and Khan, 2011; Goulas and Manganaris, 2012)

A1g9n 8 Sunauaauleian  wazuisuan annulfandunldaauidasdosluauounisais

ABILEUNTINARBALLL Box Behnken design

Independent variables Dependent variables

Run X1 X2 X3 Hesperidin Naringin
o) (min) (watt) (mg/100g) (mg/100g)

1 30 20 44.85 6,088.60 47.99
2 50 20 44.85 6,448.07 04.42
3 30 40 44.85 6,193.48 53.49
4 50 40 44.85 6,649.72 49.48
5 30 30 30.34 5,858.62 43.51
6 50 30 30.34 6,122.38 47 .64
7 30 30 59.36 5,805.66 44.04
8 50 30 59.36 6,380.94 47.63
9 40 20 30.34 6,199.48 49.44
10 40 40 30.34 6,407.16 46.66
11 40 20 59.36 6,420.60 51.42
12 40 40 59.36 6,092.19 48.33
13 40 30 44.85 6,256.60 48.71
14 40 30 44.85 6,246.58 48.16
15 40 30 44.85 6,194.31 47.69
16 40 30 44.85 6,371.10 47.55
17 40 30 44.85 6,335.96 49.37

X1 = temperature ("C); X2 = time (min); X3 = power (W)
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ﬁ’uﬂ?:E'ﬂ%fmmmnﬂﬂuunwvgmm?w?uﬁum?ﬁﬁmm uazdiasziAIANuLs s
dmiusinesiauls 4 Ae Buowaaule?siu uar Y5 Aeiuaaiuniu@du wuda nnsana
anlasiy uaTiBuAL gouunil sTeazoan wazinda il daratinadeiunamnsitin B,
waileian uazuiudu lnsavzgamgilunsaiaiinase B nonaanlesiuuazusuiu geiiga
\evannildndanlsz@ninisonnengefiandl 206.84 uaz 1.27 awdndu Belndviunisldavana
sanszudnsgauugiinuiladadiuscsazionn uasirddldirdanadentsadanalfldi By
iauladin uasuududianniu snduuianinasnseudnsraznanfuindelifindenasie
Innouaaesin uasuiduduaass studtamsainlagdainnandrdudssaninisonnaada
AN 9 Lﬁm'lmwdﬂwmummﬁmm?ﬁ’nuﬂwa%mxﬁgnﬂﬁmoﬁ’qaﬂﬁ'uﬁmlﬁ@anm@:ﬂwagj

lgsaraauds Wedndaiuusiifiaainayniasasasainiaigniniindoaadudsaiusseay

LAY A13aIna19azgnnanslé (Khan, et al, 2010; Londofio-Londofio, et al., 2010:

Chemat, Zill e and Khan, 2011) astiuasiinasuaadiuetinetanfasnanismaniozmmsnzanlu
or W dil = dl ar s -:;s; o [y 1 [

NNTENAAL AAULAEI mm’Jmmamfmnmnmmmﬁ‘gﬂmmﬂmnﬁqwmm PRV UINNITAN A

anA1dNUssdninisonnagreeiaul siiuuinnaiednnas Wanavaliunonaan e funas

UNTUAURNNTLANNTENAAIARMALN AINAUNITT 19-20

Hesperidin (Y4) = 6280.91 + 206.84(X1) + 23.22(X2) + 13.97(X3) — 86.95(X1)° + 151,01(x2)’ -
152.06(X3)° + 24.19(X1)(X2) + 77.88(X1)(X3) = 134.02(X2)(X3)

Al ﬂq?‘ﬁl 19
Naringin (Y5) = 4829+ 1.27(X1) - 0.66(X2) + 0.52(x3) — 0.A00K1)’ + 315(x2 = 2.49 (X3 —
2.61(X1)(X2) = 0.14(X1)(X3) — 0.077(X2)(X3) AUN13T 20

AANANNEH 19 ez 20 ugunag quadratic polynomial ﬁ'ﬁﬁhﬁaéqﬁmﬂmmnm?ﬁ@
Tua P < 0.05 Lamdrd@unIsiiA NIz ANTUNIRINAEAFaMIT Y4 waz Y5 fa taawnlsifn
waziBuAuanfendu aenadesiu Lack of fit Seasinefsaenlimmnsanaasdaunns RN
@un1? UA1 p value 784 Lack of fit uannd 0.05 Aulfasanulimunzanaesannis uanadn
aunsiinoonzgugnsa i Buioisanlain uasuiBuan muddy farnsei 9 was
AunsH 19-20

AMAT T 9 A1 R iueniemannindnaaaunis 19 uag 20 Fldvnuneaawledny uas
uiBuAY fld1 R wiafu 09239 uax 0.9008 Aeaunsii 19 fasmanansalunisiawie o

g ] hd H A i o o oy 1 ©
wanlednulduduini 92.39% war aun1sh 20 Haonuatunsafiasinu e oAl dudusa
-

1 90.08 %
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= ar £ o o ° ’ o A .
A13199 9 AulazdninisaansanuunuIN duiLanNINN8Iaas (quadratic polynomial model)

UarN1sIAIIERANLLsIsIN (ANOVA) 1asadilasiu uasuisvawanudandui liaawdes

e luaLUNTaNR
Parameter Estimated coefficients Prob(P) > F
Hesperidin Naringin Hesperidin Naringin
Intercept 6280.91 48.29
X1 206.84 1.27 0.0003 0.0300
X2 23.22 -0.66 0.4810 0.1973
X3 13.97 0.52 0.6679 0.2993
Xt -86.95 -0.10 0.0829 0.8784
g 151.01 3.15 0.0098 0.0017
X3 -152.06 -2.49 0.0095 0.0061
KIxX2 24.19 -2.61 0.6006 0.0055
X1xX3 77.88 -0.14 0.1210 0.8418
X2xX3 -134.02 -0.077 0.0189 0.9103
Model 0.0037 0.0087
Lack of fit 0.2277 0.0611
R’ 0.9239 0.9008

ﬁuaqrﬂ'auﬂufawmﬁfJLLﬂiﬁu@mugﬁ szezian uasinas il sdadaulsaaaldun
Bunnuaanlasag Qnﬂ%qmnmms‘ﬁ 19 ek ufioneaues udasiennil 26 wudn
lﬁﬂt‘?‘;u?gﬂmqﬁﬁ‘:wj"}dﬂ‘]ﬁ‘ﬂﬁﬂ@ﬂﬂ 30 lihilu 50 avAsaides Bunniaanleiugennuguumnd
E‘h’lﬂndw&wﬁﬂLﬁuqnswgﬁﬁus‘:ﬁzzqaﬂﬂqur;jﬁulammum@ﬂﬁ’m:mmalﬁﬂ?mmmmﬂﬁ’é‘mqq
ANFUFINNA 26(A) LLﬁin’mﬁu@nmgﬁéqmﬁuﬁﬁﬁqiﬂ“ﬁmmﬂ%’luﬁmsmdwmsﬂﬁ’mmmsmﬁ'u
Bnosaaulsiiulutousn udiflafius&aliiiahu 44.85 S 1Bananaanlasauildih o
AR FaN i 26(8) ‘EmﬂLﬁw'wn'lsu,ﬁuﬁﬂﬁ\a‘lﬂﬁwaqﬂﬁlmamﬁfgqa‘quﬁm:ﬂ:mmmmmum?
afmTuWEY AN 26(C) WafininaslWing 52.11 Sulildanfusraza N 35 u
nudfunnaduleiananag Lﬂﬂ\'}ﬁmﬂﬂﬂﬂ'ﬂ‘m’]ﬂﬁlﬁ']Lﬁﬂ’Q’lﬂﬂa'uLgﬂﬁﬁwﬁﬂ’lugdﬂﬂu’]ﬁ‘nﬁ’]a'm

ﬁﬁ?ﬁﬂuﬂugﬁ%a?ﬂﬁ (Ma, et al., 2008b; Ma, et al., 2009; Londofio-Londofio, et al., 2010)
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Wudaneuduasasiulsfiugum)il szazioan warindslviiia sesaueuntsainlae 14
AawAesafaudsrldun Bunnniudu aanaunisi 20 iansFansfiuioneudues ugag
e.l- c: 1 =5 ey = d’ 4;‘ = ar
Aamnh 27 aneanimaaasnudl UhnaaEuasitffinuessadiamugusnisuiunanly

o ad X " .l .
PUINTATA HNNINGITUTNszaz1981 45-50 WiTl Wl Funa wiidudldannsatnana
o H ] i Q' o ar - ar & 1 o nA 4
fanni 27(A)  usllaiinindsininfunugaiu 5211 a6 sandugamgiingeau danaliy

Sy — -2 i = = J) ‘:I
HnnmAuanss danami 27(8) winduihmam lundnalalsfihnnlulfendulnaianiy

ulaanuzuniilsacg (Peterson, et al., 2006; Kim and Kim, 2011) fianussniFiflugnsgng

1
=

a o Wy A aw o 4 Y P S .
DUYADATT @quq?ﬂgﬂﬂqﬂqﬂLﬂlﬂﬂiﬁﬂﬂg‘ﬂflfln"{ﬂ\i\ﬂ']u“ﬁ'ﬂﬂrl']llLﬂlﬂﬁl'ﬂ\jﬂﬂulﬂﬂ\j"ﬂqq (Chemat, Zill e

and Khan, 2011)
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(9 6 as =1 as ar =i
Tun1saNm MA A AINIRIMNHN 4 level, 45.32 A0A; NN B ASZESNISANAN

grsmaimeyysdaszastasainaniaendn Rlhumsaindosadudeananiassing
¥4 17 an19z AIAENA 10 wudn arsatnanidaenduiignsnissnueyyadassioeds FRAP af)
luae 3,797.05-4,658.61 HARNTNANYA trolox sia 100 NFN fMBNTFinueyyadasy DPPH (IC,,)

agludng 0.31-0.38 Undniusieliadans uas quanasdiueyya ABTS (IC,) agfluda 0.38-0.46
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=

fiadnfusiediafans  lasannuldaanduiiarsdsznevfuefnaliavianloveas agisunnman
1 L] L4 ]
N30 6 Tearsdanaefinuaminduiieyyadass TaranndasiuseamiBdadiasiuean
&

waznantouesd lufinnaliifignidudayyadasdld (Tripoli, et al, 2007; Su, Shyu and Chien,

2008; Prochazkova, Bousova and Wilhelmova, 2011; Moulehi, et al., 2012)

et £ a ! '
m191971 10 OBNNTFNUeRYABATE FRAP, DPPH uaz ABTS anulaanduildadudesdontu

FUWNNFANA HIBUHUNITNARBIULIL Box Behnken design

Independent variables Dependent variables
Run X1 X2 X3 FRAP DPPH ABTS
(°c) (min) (watt) (mg/100g)  (mg/ml; IC,)  (mg/mk; IC,,)
1 30 20 44.85 4,022.51 0.37 0.46
2 50 20 44.85 4,061.20 0.37 0.40
3 30 40 44.85 4,119.62 0.38 0.44
4 50 40 44 85 4,403.10 0.36 0.42
b 30 30 30.34 3,797.05 0.32 0.38
6 50 30 30.34 3,898.46 0.35 0.42
it 30 30 59.36 4,553.90 0.33 0.39
8 50 30 59.36 4,658.61 0.36 0.43
9 40 20 30.34 3,924.15 0.32 0.38
10 40 40 30.34 3,869.41 0.36 0.41
11 40 20 59.36 4,462.33 0.35 0.39
12 40 40 59.36 4,800.74 0.31 0.39
13 40 30 44.85 4,294.84 0.34 0.40
14 40 30 44.85 4,282.82 0.34 0.41
15 40 30 44.85 4,259.60 0.34 0.40
16 40 30 44.85 4,336.79 0.35 0.41
17 40 30 44.85 4,251.44 0.34 0.40

X1 = temperature (*C); X2 = time (min); X3 = power (W)
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dnsrAnsnisaanasuuunnnudiniuannisiiddes uasinseiatannuulsilson
o o 4 or ar ‘J 1
dmiuinunasauils Y6 Aa FRAP, Y7 fis DPPH uay Y8 Aa ABTS Mam1s il 11 wudrannsnada

aunsmuanadls Y6 16 wilsdanunsoaiannisiiuiasouls Y7 uas Y8 Wiasannuanis

] s

NARBRGNDNISHNYYA DPPH Uaz ABTS i liuansineiu dwmiuntmaaasiinsmgninissing

ar

e DPPH  uaz ABTS luphuni o, Fegrisudausiazanaznasaiaiiqniduded so
uwlefiduibiuansinaiy dmFugrimsdueyyadare FRAP WatnsinnmeilneuRaudeuiy
#1775 Trolox A1AINN1IMARBIAIINIIET 11 Eansatinnaiisdunsindsaesfialdiiu
14 a1nein p-value <0.0001 ua¥ lack of fit 7 0.352 TneigannsiidnARIN g U edaus
Y6 71 99.28 iefidusf nailadui 3 An anmgd szozam Lmzﬁﬁﬂﬂﬁﬁi”ﬁﬂﬁ’mﬁrmﬁiaqw'ﬁfms‘

9, o= = ° ar | ,_-j 173 o oo e =i = =i 3
Aruayyadase FRAP luidauan lnsanrzindsldinnldanniiansnageigaiilaaaniian

U q

duilsr@nsnsnanetgaingan 373.31 Balindmiunislddninasonssndnaindsliinldasaiu

Dy

tladtiiugamnil uazssazinandanasagnsnissinuayyadase FRAP laadaunnainedulsans
ar a% Aﬂl d! = o =) = =41 W 3
nsaanagiILgadlunisei 11 WesainaRudenginisoanaanslsenaufuadnannwagi L
1 £ 4 - " b4 - 3
TearsFunamaniudanaligninisinueyyedassy FRAP galiu aanadasfunanisnaaasioy

Wil AIAN319T 5 AanAtdulsLAansnasnnnearassanlsdutiinnafegunis Lﬁaﬁﬂmaqw%ms

AUeYYABATE FRAP ANNANNIIT 21

FRAP (Y6) 4,285.10 + 66.03(X1) + 90.33(X2) + 373.31(X3) - 85.32(X1)" — 48.1 709y -
27.23(X3)> + 61.20(X1 )(X2) + 0.83(X1)(X3) + 98.29(X2)(X3)

Aunan 21
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~t o £ ° o ° o )
M19719N 11 ﬂuﬂs:ﬁﬂﬁmmmnﬂﬂu.uuwuwm AMTLANNITNIANEDY (quadratic  polynomial
model) . Wa£N53LATIEIAMUULITLTIL (ANOVA) 1890nEnssinueyyadass FRAP, DPPH uay

ABTS annulasndun liaauidasdos luatnunisana

Parameter Estimated coefficients Prob(P)>F

FRAP DPPH ABTS FRAP DPPH ABTS
Intercept 4,285.10 - = = :,
X1 66.03 - - 0.0015 - - =
X2 90.33 - - 0.0002 - -
X3 373.31 - - < 0.0001 . ”
i -85.32 > - 0.0021 - )
x2° -48.17 £ : 0.0316 - 2
X3 27.23 - = 0.1738 : .
XIxxX? 61.20 - - 0.0128 = F
X1xX3 0.83 - 3 0.9656 - -
X2xX3 98.29 - - 0.0011 - -
Model <0.0001 - -
Lack of fit 0.3520 g _
R’ 0.9928 ! ;

wnewn - Aa hignnsamddulsednsnisonneauunmunyly

ﬁuﬁfmﬂummwmﬁfmﬂa‘ﬁu@mwgﬁ szaan waridalin dedawlsauAegranis
Fnseyaaass FRAP finfannaunasii 21 shanadensiffionenauas fanawit 28 wudnidle
Wisenmafiszdnenisaiaaan 30 i 50 eeraaides §quﬁ’umﬁ‘uﬁmmmmﬁﬂﬁlﬁmmqﬂnﬁr
NISPINUBLUABATE FRAP g;qmn’%uﬁamwﬁ 28(A) fislndmiudniumdelyifinseandudes AYLIA

ar o A o or | A =i 1 e as 2 =
NUYUNI WﬂmmLﬂﬁwmﬂmsmmm‘urﬂnmzﬂ:mmiwumummnm;‘:mma‘lﬁﬂ?‘mmqm

NPFUBYATATY FRAP gaundudaning 28 (B uaz C)
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a’ (-] Qs d s
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anaumsdifuiausiansi 1621 handmeamnaniasimnzandmiunsatngns
Frueyyadaszdoaadu@es daalilsunsu Design expert Tnafmuasniazfivmnzaidasns
el Bunnfuadnionn ianTauend wauledm ua qriaNsFLeaRAsY FRAP gailgm
anmsdnuansdashilsunsueenfiomefldanmsimnzandwiunasar ARTENUBYABATTAIN
widanduie gnumpiidas 4850 aarnaaidea scaziaanisain 40 wiit mdelviinildann 57.34

o L3 1 or ] =i x:i & u'
SR (level 6 ) unzaudanisananaa A e s ldnassnum

naun 3 nsidFeuneudssd@ntninnisdanaaisdsznauduaiin szudeansannmnas
ARULAEY NUNISENANLIBUUUAIAN (maceration)
ni p 2 ] o ar o H b7
NIMARINAUN 1 uaz 2 ldantazivmnzandwmiunsadmlfenualinszgadu 7ls
Bunnsnsdnueyyaddsuazgnonisiiueyysdaszge raldulfandnanamaezdlnuniaay
vindu 80 wlefdud Ineldaniaznisainaesinsasdnsalaiia fAa gyl 48 asAgaldea
FTULAINNTANA 40 1w naaaliildain 57.34 And (level 6) @n1avdanatafiuannas=ii
o or dlo ¥ = or e = :: = = o =
wNnzaNd N nasasii llFauieuduaniasznisaindoeRsuuusaiuAa nnaiuldandy
ar 1 =y, ci . 7] & o & = = ar
wanalaswdluar@lnunanududs 80 wWefdud anmgill 48 avdgaidaad szazaaInana
40 Wi nerlil¥aaudaslunisana Weulfauiisuanioznisananaaas wudnansanaladannns
analasldaadesifiunamanndanasinlaandyhbinuauaunisananuuseihiy agnail
WA ANIADE (0<0.05) TraawizedaBafunanandnaaaisanai Wi Fuiamnnngnia
1 ar tJl el o 3 o = =] Aé’ L 1 1 os
1.77 Wi ansananlanansasduindadwassdy H1Funanuduldunndnssde Buiagnsean
qna Laun a13sznauiuedn vanlouesd wwaulefFau wasuiinau unnndiwldandalylting
9 e
AUINNITATALLILAILAN el Tlad1 Ay NI9&TH (p<0.05) fiqfm'Lﬁqﬂ%ﬂmqﬂ'ﬁmnmfﬂum?mu
=S = 1 _aad as f, =3 s nll o =4 dl I ar
BYYARATTHNINNTIBATALLUGURN HaR19990 12 Insarsaiaadnidaenduruauaunnssain
poansldafiudeasannsasiuaua DPPH, ABTS uax FRAP dandnansainanulaendunans
v 1 &
patdsaafn  adilad1Atyneain (p<0.05) Tvaenadesiuaddadauniiiinlszgndld
odl o ars s = I U dlv 1 qdd‘ ] 9 dl = ar
ARWAENAMTLANARITIUARN| uazliaanuansisiesnisgenddsen wiu msldaauadnaann
wnnueananmaaiuinldBuaniniugeandinsaiadasdnsiall (Tian, et al, 2013) nasld
A = «:!' ar . & (=3 & 5 v & I ar
aaudsaitaainvanlovesdanudnaafsefuliiBuiavalouaadgandinisainuuy

conventional reflux 814 1.32 win (Pan, et al., 2012)
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= wn i o =
A1519n 12 ulisuisupugaiinianianin waznnaaiisesnldanduiaiadonaawdes

i ar A o or ~ :: =
(ultrasonic assisted extraction: UAE) Pann9znsananmIzaNAunsaiaft S uuL AR

(maceration extraction: MAE)

Extraction method

Parameters

UAE MAE
Yield (%) 26.50+0.01a 14.95+0.22b
Water activity 0.317+0.00a 0.389+0.00b
Moisture content (%) 8.64+0.23ns 8.83+0.26ns
Total phenolic content (mg GA 1007g) 14,898.64+0.01a 12,5619.73£95,96b

Total flavonoid content (mg QUE 1007g)  12,979.11+44.19a 9,014.84+144.76b

Hesperidin (mg 100"g) 6,409.84+0.05a 6,153.22+0.11b

Naringin (mg 100"g) 63.66+0.01a 44.6320.02b

Ferric reducing antioxidant power 6,466.67+43.39a 5,423.91+£38.73b

(Trolox 1007 )
DPPH Radical scavenging (IC.; mg m!™) 0.32+0.00b 0.39+0.00a

ABTS Radical scavenging (IC.,; mgmi") 1.10£0.00b 1.20+0.00a

o P

a WAz b Wil Anadsilidnesiumnsraiulumaueuaasiniinauuandadnalied dynaain
(p < 0.05)

pauy 4 nmsAnmausuiinismuaaniindusasssannaniddanualinsznadu
Tunannmaingan

s‘.‘ll o [ % =4 c‘ 1 ar 2 dJ = k4 [ dl
Walgan s NI aaNANN NI LNNITEAN AR ARILASNALIAN19ENTA R ATILUH SN
Aa grunn i 48 asANdalEes szazoat lunsana 40w Windslnfiafisedu 6 (59.36 Sns) 1§
ar ar [ = ar T = = = as d‘ ar ar i E 7 n:i ar i: =
gansanananatanrastunandnandy Awnnni 13 granndanatunldiiesuganisia
aandinduluigdneiy Jaili Buralahudludoutlssnauninnga 50 wefidus doudsenavvaain
! g e O v 90’ " ?‘JI =] as o
agapyLlrznaviilion thuiadng undumens iduaneg  lduas dimanse inde wazsiannin
ar == 1 g o !:f . =1 g s g ar Y
pannh 15 Tnaudniadneaniluionun 6 dmaass Ae 1) Wadagasaruau 2) vadaRuans
anaanulaandu 700 ppm 3) wrasaRuansainannlaandu 2,000 ppm 4) shadamngsann
anufaandu 4,700 ppm 5) wadamnasiueandindudinszieiia BHA 140 ppm uaz
£ 1 v
6) WadnRuasEuaanFadudaAziTiia BHT 140 ppm denani 17 Taeninadnsangnoas

=

inlilifuineEngom)i 30 uar 40 avdgadad Aanani 19-20 Wuszeziaan 60 A uamiinug

u

ATIATATIZIYNT 5 T
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fnueendaduainitdendy uazldatsfiueandmdudaasic HUILFUIUNT ATV AR ANIWUA

1
oA k3

£ 1
fianGFudulivansneiu fdnBunnsaseniadanngnsi 0.7-0.8 wefidud lnefiaufunsa
a a | H or = o or <4 a a aa = |=! =1 (3
wadasn wesniradaiinsasandnaansanadainniinasludounauilegn 14 wefiud
o . { (=3 ar 2’ or A = ar 1
wilauiun@anases  dafuinsniadafignunl 30 was 40 asAnTaFoauIL 60 51 wudn

3’; () P o P { H ar <
Funnnsananug 11]ﬂﬂﬂﬁﬂ’]ﬂﬂﬂﬂ‘lsuﬂﬂdﬂ\'l.ﬂ’]‘W'r’l 29 L'ﬁ’ﬂﬂ'ﬂ’]ﬂ'i.!'l'ﬂﬂmﬂu‘iﬂﬂ']ﬁ“ﬂﬁﬂ')’mLﬂ‘l!ﬂﬁ‘ﬂ

¥
ar  as =1 g

gaarnsodusaunsanafensaunssin i W ununsalsivl@euilas (Smittle, 2000) uay
anmidlunsaialibimansiunisnszfunisinsruresdulosdlanlad v aelamellfy

LA ! v
nsalaiiiasz (Zhou and Elias, 2013) dnvissiiuindafiliviniednlailfriouanafeuga

auunsneain litlsiiianisuandaaeansalasiudass (vi, et al., 2013)
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gmsh liassueendinduaini/aandun 700 ppm uarldarsduaanindudansai lidinan

uAnsinaiy wignsnldansiueaninduainilaandu® 2,000 waz 4,700 ppm Hdduuannda

ANAT LY, a* uarb* Mnmi 3335 mandndu Weasannansainanilaanduiidmaedu
c!' c:l ar -3 v a = =5 =:= k2 .:‘g’ :J :%.J ]
WaulFuuressasainii iiadwassndaaununFunnisldnuanau wi BHA waz BHT
dhuednladiedminasliBunandnideai i lduandwaingnsasunu
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Waiuineniadanngnsigomnil 30 uaz 40 aedngadea uszazioau e du
i H ar i 4 : o | g ar A i
nudndrenihadntinmalasuaddas@asdivaiunndanases fanawi 33 Taganisiadaniuh
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AN 40 BaANTATEa AININT 33 (unafl 3) ARduNNNdMiLIgM)N 30 avA AT
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A /B e Derret R T

NN 32 TadalAnansiLeendduannilaendy uavansduesndindudansed
A ﬁmf‘iﬂqmmuqu
B: adaRuarsiueendinduatnulaendu asnadadi 700 ppm
C: thadmAnasdeendiaduanaldendu acnadindi 2,000 ppm
D: WnadaAnansisasnwduatnudanda i 4,700 ppm
E: tadmRumsdnaendiadutiia anuidudu BHA 140 ppm

F: dng@aninanssnueandadusin anududis BHT 140 ppm

WadnniuNgugi 40 eeALtaldas duedsnetiagnsncuan uazgmsldansdii
= o =4 n; = 9/ (- - ] * 1 & nl 3 | %}
pandiaduannuldandui 4,700 ppm #8dunnnnd AeiAd L* aaae LazAn a* NI 1NN
adnldansiuaandinduannulasndsi 700 ppm, BHA uaz BHT Warzaziaainisiiuuiuie
d ar a H ass & o 1 IS H
adaamsaiiadiimanuuliitamasiia i tesanlulivnsdidounassanionia
a q' = a o= . N a 5 1 n! {
FAntauaznsnesliugiiadast (free amino acids) axnsnifinauldatined tanmzidunsadl pH
4 v ]
Uszannu 3-4 (Smittle, 2000) &analFaiminadngnsraunuiin@uinialifnd) Wamnanssiou
- of I o :” = g o A
ayyadaszassanananmduginisiiadiinialdann danwi 32-35
wignsldanssinueandinduainilaandui 4,700 ppm ddidunind@annansaus

Anlffzedmaniuusanduiiasainasatnarnilaeanduiiasflsznausasianlouasdndl
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o=y :’4 = o = o A a ar 1 o ;
AuaRuiarsineandady uarliseandindy Waldunifvllasdinanazulsiaeady
13 @
ayyadasylnszsulitianiseandinduldn uazidannsfia@iinnaldiiaau (Hemandez, et al.,
v % o a o d d _a
2009) fniunisinanssiveyyadaszasianudniufewnifnaimuizauiazdivallly

a1 Wnmeassiinnisldanssiueandnduannulfendui 700 ppm lininadnauisadusis

a ace %’ I ar o ar ra1
mafalfizediomadisuviaduarsdueanfindudainsi 140 ppm

$0

—=—Control

—#— Mandarin peel extract 700 ppm
~—&—=Miandarin peel extract 2000 ppm
—&— Mandarin peel extract 4700 ppm
=--d-- BHA 140 ppm

«s+@++ BHT 140 ppm

L

(A)

—+—Control

~—&— Mandasin peel extract 700 ppm
—a— Mandarin peel extract 2000 ppm
—o— Mandarin peel extract 4700 ppm
~-va-- BHA 140 ppm

---@-- BHT 140 ppm

L

(B)

1 ey ¥ [V 4 ' as = =
A 33 ad L sanidaniilasunilasssudiamainusnunnanmgi

u

30 asALdaLdad (A) Was 40 asALdartad (B)
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—+—Control
~—#— Mandarin peel extract 700 ppm
—4— Mandarin peel extract 2000 ppm
—&— Mandarin peel extract 4700 ppm
10 =s+see- BHA 140 ppm
=@+ BHT 140 ppm
x

(A)

—= —Control

—a&— Mandarin peel extract 700 ppm
—&— Mandarin peel extract 2000 ppm
—®— Mandarin peel extract 4700 ppm
»++dees BHA 140 ppm

=@+« BHT 140 ppm

>

(B)

Day
1 5" o = =i ¥ 5 as =) =
NN 34ﬁ’la a* mmmﬁaﬂmﬂaﬂuLLﬂms:m’mnwmusnqum%nu 30

au

RaAEALTed (A) wag 40 asALEaLdad (B)

€0

—+ — Control

—&— Mandarin peel extract 700 ppm
—+— Mandarin peel extract 2000 ppm
—o&— Mandarin peel extract 4700 ppm
«==&--- BHA 140 pom

il B

(A)

b*

—# = Contro|

—#— Mandarin peel extract 700 ppm
—&—Mandarin peel extract 2000 ppm
—@— Mandarin peel extract 4700 ppm
o0 BHA 140 ppm

«++@-- BHT 140 ppm

b

(B)

Day

" 5’ asr of = [ (=] ar cl =y
nw 35 Ad b* aanhrdaiulfsuulassswdiamaiuihinianmugi
30 asAwdaLdad (A) WL 40 asAdaldead (B)
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] - k74 ] 1 [}
nanasimeiinsadailadudadoniases texture analyzer wanalunnii 36-39 1ila
IJ 4 ar ‘ﬂ’ ar !.’ ar o ar _y as
wiaudisunsalasuulasinniladuiaseniadminfiiing gasacupuinildassiesnadu
I 1 v b
anuaandu wazldansdrueandiadudansisd nudadlafiuuiudu Hadninarunasn
; t 23 1 = 3 =N 1 3
ALNLLLLE wazANnilaanad Tnaansiguugil 40 avAdaldog Wasangumaiingaiu
o /A or o g or ¢ © k73 (=3 o -d':; 3 !OI = o ar o o [=3 :!
anrannaediadurenihadald vldmaaladuiiudasinfanissudaiuwinlifasdad
. b é—’ L] g or =
Tuaau desaldianuasio aonuhiniie uazaonmilnanas waniihswainlfinadmAnnisuean
’.‘, r_‘ll =) 1 ; 1 o’ dl 9
du (Liu, Xu and Guo, 2007) WaulfaudsiusdazRanaaas wuansuenrlasuwlasanu

A o o o = = P T
Luaﬂumm@a‘v;nmwm@@mgﬂuuumi‘l,ﬂ@ﬂuu,ﬂmwmuﬂuﬂu

Index of viscosity (g sec area)

Index of viscosity (g sec area)

—= — Control ~&— Mandarin peel extract 700 ppm
—#— Mandarin peel extract 2000 ppm —&— handarin peel extract 4700 ppm

++drer BHA 140 ppm @+ BHT 140 ppm

P ; g ¥ o = el ' & a =
NN 36 ANMNWURA (Index of viscosity) Basundganntdasunilasseudienistiusnunh
AMUNNA 30 BIALERVEH (A) WAZ 40 RIANTALTeE (B)
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s 1 " g ar = = 1
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s = PN
mmﬁmnqumuﬂu 30 agALIRLTaE (A) WAZ 40 RIALTALTed (B)



70

Day

Firmness (g force)

Firmness (g force)

0.0

0 5 10 15 20 25 30 35 40 45 50 55 60
—+ — Control —&— Mandarin peel extract 700 ppm

—i— Mandarin peel extract 2000 ppm  —@— Mandarin peel extract 4700 ppm

««+ae=+ BHA 140 ppm +=+@ < BHT 140 ppm

1 & 2, S | = 1 = ar = o
TN 39 ANUUMLEA (Firmness) aasisanaiilasumlasszudemisinuinunanugi

al

30 asALIaLTed (A) e 40 sdLdalded (B)

ununsalosiudaslwminadaGusuiianls=ann 05 % oleic of oil extract Ua=Lfy

5 (=3 A o ar ﬂ'i =3 | = or A
URnoumnnau muszezianisfiuinndu iadaifiufigumail 30 esdngaidaa luiui 60 J

ar & G ¢ { ‘J i s
nenlaiudass 3.5 - 4 wefidud uasiiufigamyil 40 avasaidea nenlaudaszuinie 4 - 4.5

whiidud Asnmi 40 nadinBunnaansaleiuBas: daananwansgmg Wy nsafidiuadl
t £
Tuinada @uladlanlalwingu uazauFau arursana lidanasuaniaaaslaiudgszan

lnsnawesledla (Yiet al., 2013)
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nsl¥ansainannuldanduiitadrunsifaeendwdiluinadmindusadnei 700 ppm
gnuzasnuniniaeendeduld Taggzanniniin hydroperoxides a1nn12m393a9A peroxide value
Fan A 41 wa Thiobarbituric acid reactive substances (TBARS) fanwil 42 wiaannnsfuy
FTHTLIAT 60 U s'ffmtmﬁﬁﬂﬁ'mgmmuauﬁm peroxide Wfinduannndniradnldansdng
aandwaduarnulaandui 700 uaz 2,000 ppm wazlfanssiueandindudanszif BHA uaz BHT

Tmmﬁmé’m@mmuauﬁﬁh peroxide gq@m’hﬁuﬁ 35 a?'m‘é"uﬁqml'mﬁtﬁuﬁqnmnﬁ 30
adAgaldaa wazgeaaludui 20 dviusedrafifiuiionmai 40 esrngaidus ndsanniiudn
peroxide anasathasanialugniiien TBA Wk desaanmsd artlreandindusitjisaudna]
2 aH19An primary oxidation A& hydroperoxide LLﬂti‘l.&%H secondary oxidation 'ﬂ‘a:Lﬂ'ﬁiﬂu
hydroperoxide el malondiadehyde %dﬁﬂﬁumﬁuﬁu (Velasco, Andersen and Skibsted,
2004 Papastergiadis, et al., 2012) agslsinu nsulaenulasdneoiEiingnannAnlinina&nd
Wensduaaniinduanulaendui 700 uas 2,000 ppm ladndgasaanin ifasannnasdan
ﬂﬂnﬁLm*ﬁ"tmmm?ﬂ?xnﬂuﬁmanﬁﬂgﬂummﬁmmnLﬂﬁﬂnﬁuﬁﬁuﬂinﬁﬂ‘lAnﬂa‘Lﬁm@wﬂ%mmm
n1sLNA hydroperoxide L&z malondiadehyde

arsdssnaviluedniinuluarsaiailuanlanens Safluiuedniiazanain dafuay

:ﬂ'mlummmqﬁ'lﬁﬁuLﬁﬂ'bﬁﬁu’luﬁm@“’m%wmﬁ"qm?ﬂm funsiineandindurisuodl dhidoi

Lﬁﬁﬂ@n%wﬁumnﬁqm sz niiuiasesdinlafuasduiafueanGauannin uazanna
(Tananuwong and Tewaruth, 2010; Li, et al., 2014)

tawdanssveanieduatnulaanduazanuisasiueandindulds widdedaeldly
Wnosiannnda BHA Waz BHT 71Mties 140 ppm tilesaannisinannsmes BHA Us BHT anunso
azanelda iy uasiiqrinefuiiand: wiasdneendinduaini dandaiesdinnda 700
ppm witihiasannaanasssiiiaonuilaenditganga

winsldansafpranufendudmiugueendunduiiifesain nsdhinadnil¥ansarin
4,700 ppm lilgnunsadzasnsiineandduld wiaansadasandndiuldanaludunasy primary

oxidation Uazluiu secondary oxidation \asainanlaueasiili proantioxidant #1139

4:1 a dc!ld =
wihiduweyyadasylilunsdinfiannidiulyl (Herandez, et al., 2009; Beker, et al., 2011)
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Free fatty acid as % oleic acid of oil extract

— — Control

—#— Mandarin peel extract 700 ppm
—&— Mandarin peel extract 2000 ppm
—@— Mandarin peel extract 4700 ppm
=+o:a+es BHA 140 ppm

*++ @ BHT 140 ppm

(A)

Free fatty acid as % cleic acid of oil

0.0 T T

—= — Control

—— Mandarin peel extract 700 ppm
—&— Mandarin peel extract 2000 ppm
—=8— Mandarin peel extract 4700 ppm
=+o+stees BHA 140 ppm

=++ @+ BHT 140 ppm

(B)
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Day
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16 -

—+—Control

—a— Mandarin pael extract 700 ppm
—&— Mandarin peel extract 2000 ppm
—&— Mandarin peel extract 4700 pprm
«oeiee BHA 140 ppm

. ~~@--BHT 140 ppm

(A)

Peroxide value (mg eg o, kg of oil extract

i8

—+— Contro}

—¥— Mardarin peel estract 700 ppm
—&— Mandarin ped extract 2000 ppm
—@— NMandari peel extract 4700 ppm
/74 cixeees BHA 140 ppm

-8+ BUT 140 ppm

(B)

Peroxide value (mg eg o, kg') of oil extract

Day

' ¥ as i = [ =Y ot .
mw 41 anladeanldnuanhaanilaauulasssudremsiiusneniamugi

30 DeATRALBEE (A) WA 40 asALTaLTad (B)
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6.0

55 —s— Control

«—a— tandarin peel extract 700 ppm
—o— Mandarin peel extract 4700 ppm
=eede--- BHA 140 ppan

@+ BHT 140 ppm

TBA value

—a— Mandarin peel extract 2000 ppm

(A)

55 4 —s— Control
su =

—&— Mandarin peel exlract 700 ppm
—&— h¥andarin peel extroct 2000 ppm
—8— Mlandarin peel extrect 4700 ppm
-------- BHA 180 ppm

1@+ BHT 140 ppan

TBA value

(B)

] %,’ ar o c‘ ] ar c: =
MW 42 @1 TBARS sauhaaanilaguuilasssudiamsinusnumnamngil
30 agALgaLges (A) WA 40 asALdaLdad (B)
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U

ar LB

2DWHAINNAAARILALIN 57.34  AwA uan1azh lHaannisinuaannis lagAauanain
quadratic polynomial model hiamasimunsausanisainassinuayyaddszanulaandu Tne
- ¥, o a Wy =i S D)
anzamandainisaaiagislssneuiuednideenunfBunnmaniign waziignanisiueyya
fasz FRAP gendn lnsaunisiliudazannisiialdnauie Buiniuednimus dailouesd
wanlahn wiTuay  waziigninissinuenyafass FRAP  annsanausldwindauanndn 90
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aa as 3 a = 8 3 &ﬂl = [ o k7
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= ¥ o o A Woeal o 1 o a 5
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Bunuasaianannda 1.77 win venaaniideiiliuanarsdsznauiluefn uazgnanisdienya
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arsannanulaendudaunsminnilssynsldifiadunisiialatlreandindulmnadald

)

1 8

ginaditsz@nsnn Tnanisldansananaanindudu 700 ppm aamsaduginisineandindi Id
1 o o : ' 2 = o o« a -

Andngrsaruan uazfdudlinauvinatsiirueandiadudaiaseiaiin BHA waz BHT #1140

} 2 b2
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Abstract

Mandarin and lime peels are rich sources of phenolic compounds including phenolic acids and flavonoids. The
ultrasound-assisted extraction (UAE) proved to be an effective method in the extraction of phenolic compounds
from plants due to its ability to save extraction time and increase extraction yields. In this research, factorial
randomized complete experimental design has been used to investigate the effect of various factors on
ultrasound-assisted extraction (UAE) using low power (50.93 Watt). Influence of citrus peel types and solvent
types and concentrations on the total phenolic compounds, total flavonoids, flavanone glycosides (hesperidin
and naringin) were studied. Antioxidant activity of the extracts was measured by FRAP, ABTS and DPPH
assays. The optimum extraction conditions occurred when mandarin peel and 80% acetone were used. In those
conditions, the extract contained 3,083.61 mg gallic acid equivalent (eq) 100 g’ DW of total phenolic
compounds, 2,539.82 mg quercetin eq 100 g DW of total flavonoid, 1,374.20 mg 100 g™ DW of hesperidin and
the measured antioxidant activity was (0.61 mg mL" of DPPH ICs,, 1.12 mg mL™" of ABTS ICs, and 2,521.47

mg trolox eq 100 g”'for FRAP). A strong correlation between total phenolic content and antioxidant activity was

also observed.

Keywords Flavonoids, Antioxidant activity, Mandarin peel, Lime peel, Ultrasound assisted extraction



Introduction

Total production of citrus fruit in the last few years has continuously increased with an estimated world
production up to 50 million tons in the session 2013-2014 (Khan et al. 2010; United States Department of
Agriculture Service 2014). Mandarin and lime is the major citrus produced in Thailand. The productions of
Mandarin and Lime in 2012 were 185,084 tons and 132,281 tons, respectively (Office of Agricultural
Economics 2013). Consumption of citrus fruit is mostly in the form of juice, so peel which accounts for half the
total weight of fruit is widely available by-product. Nowadays, interest in the use of plant materials as a source
of natural bioactive compounds has grown and many reports on the benefits of citrus peels has been made. The
peels contain more bioactive compounds than the flesh and juice (Gorinstein et al. 2001; Peterson et al. 2006).
The total phenolic compounds in peels of mandarin, lime, lemons, oranges and grapefruits were higher than that

of the flesh (Anagnostopoulou et al. 2006; Babbar et al. 2011; Gorinstein et al. 2001; Londoiio-Londofio et al.

2010; Peterson et al. 2006).

Mandarin and lime peels are rich sources of human beneficial phytochemicals such as phenolic compounds
(e.g., flavonoids, phenolic acids), ascorbic acid, carotenoids, limonoids and reducing sugar (Gattuso et al. 2007;
Guimaraes et al. 2010; Prochazkova et al. 2011; Thitima et al. 2009) which can help the body scavenging free
radicals effectively. In addition, these phenolic compounds have been found to be effective with many other

health-related properties, such as antioxidant, antiviral, anticancer and anti-inflammatory activities (Prochazkova et

al. 2011; Tripoli et al. 2007).

Phenolic compounds extraction capacity and efficiency have previously been evaluated for various methods,
such as solvent extraction, enzyme-assisted extractionand heat treatment (Benavente-Garcia et al. 1997; Biesaga
2011; Prochazkova et al. 2011). However, all these extraction methods have disadvantages such as low
efficiency, long extraction time, high temperature requirements or large volumes of solvent. Furthermore,
phenolic compounds are very sensitive to light, heat and oxygen. Therefore, it is necessary to investigate

efficient extraction methods that can preserve the phenolic compounds stability.

Ultrasound-assisted extraction (UAE) has attracted increasing attentions to researchers due to its efficiency

compared to traditional methods (Khan et al. 2010; Ma et al. 2008a). Ultrasonic enhancement the phenolic



Acompounds extraction is ascribed to the action of the cavitation bubbles generated during the propagation of the
acoustic waves. Collapse of those bubbles can disrupt the plant cell wall increasing the release of extractable
compounds (Chemat et al. 2011). UAE was used to extract phenolic compounds from plant cell but the method
used high power 150-650 Watt (Chemat et al. 2011) and 150 Watt (Khan et al. 2010). UAE, using low power for
energy saving in exfraction of phenolic compound, the optimal solvent used to provide higher extraction
cfficiency must be necessary investigated. Many organic solvents were tested for the isolation of phenolic
compounds from citrus peels, especially flavonoids, for example methanol (Londofio-Londoiio et al. 2010; Zia
ur 2006), food grade ethanol (Khan et al. 2010) and acetone (Oboh and Ademosun 2012). This study aims at the
effects of citrus peel types (mandarin and lime), solvent extraction types (methanol, ethanol and acetone) and
solvent concentrations using UAE on the total phenolic content, total flavonoids, flavanone glycosides

(hesperidin and naringin) content, and further study on the antioxidant activity of selected extracts with targeted

phenolic compounds.

Materials and methods
Plant materials

Fresh mandarins, (Citrus reticulata Blanco cv. Sainampueng) 10 months after bloom, were harvested 3 times in
December 2012 and January and February 2013 from Fang district, Chiang Mai province, Thailand. Limes,
(Citrus aurantifolia) were harvested 4 months after bloom, at same period as the mandarin; but from
Phitsanulok province, Thailand. The peels were cut into a 1 cm? pieces and dried by hot air oven at 60 °C for 2 h

until reaching a moisture content of 9-10%. The dried peels were grounded with a blade mixer, sieved through a

300 pm and stored in an amber glass bottle at -20 °C until used.

Ultrasound-assisted extraction

An ultrasonic bath (model 175DAE, Crest Co. Ltd., Malaysia) consisting in a rectangular container (164 cmx 13.3
cmx 10.2 cm) with transducers (38.5 kHz) annealed at the bottom was used at an ultrasonic power 50.93 W. One
g of ground dried peel was added into 20 mL of solvent (1:20 w/v) (Ma et al. 2009) in a 120 mL amber glass
bottle. The bottle was then immersed into the ultrasonic bath at an operating temperature of 40 °C-for 30 min.

After extraction, the supernatant was filtered under vacuum through Whatman paper No. 4.



Experimental design

The factorial randomized complete experimental design was used. The effects of three extraction factors,
namely the citrus peel type (mandarin and lime), the solvent type (methanol, ethanol and acetone) and the
solvent concentration (20, 50 and 80% v/v) were studied. This resulted in 18 different experiment combinations
were analyzed in triplicate. Total phenolic compounds, total flavonoids, flavanone glycosides (hesperidin and

naringin) and antioxidant activity (FRAP, DPPH and ABTS radical scavenging activity) were investigated for

every extract.

HPLC analysis

HPLC analysis were carried out on an Agilent 1100 chromatograph using a UV-visible detector at 280 nm and a
C18 reversed-phase column (Agilent TC-C18 250 mm x 4.6 mm, 5 pm) operated at 37 °C. The mobile phase
consisted of two solvents including 0.5% acetic acid (A) and 100% acetonitrile (B). The linear solvent gradient
in volume ratios was as follows: 10-30% B over 20 min. The solvent gradient was increased to reach 35% B at
25 min and was maintained at 35% B for 5 min. The flow rate was 1 mL min’' and injection volume was 20 pL
(Khan et al. 2010). Identification of hesperidin and naringin was based on retention times compared with
standard (Sigma-Aldrich from Germany). Analyses were performed at least three times and only mean values
were reported. Hesperidin and naringin content were calculated from peak area according to calibration curves

by using the external standard method and expressed as mg 100 g' dry weight (DW).

Total phenolic content

The total phenolic content was determined using the Folin-Ciocalteu colorimetric method according to
Anagnostopoulou et al. (2006) with slight modifications. The reaction mixture consisted of 0.5 mL of the diluted
extract (1 mL extract diluted in solvent until final volume 10 mL) and 0.5 mL of the Folin-Ciocalten’s reagent.
After 3 min, 1 mL of saturated sodium carbonate solution was added and then 5 mL distilled water was added.
The mixture was incubated in the dark at room temperature for 1 h. The absorbance was measured at 725 nm

using a spectrophotometer (model DR/4000U, HACH Co. Ltd., USA). A blank was prepared following this



method without the sample. Gallic acid (Sigma-Aldrich from Germany) was used as the standard for the

calibration curve. The total phenolic content was expressed as mg gallic acid eq 100 g DW.

Total flavonoid content

Total flavonoids were measured using a colorimeiric assay in accordance with the method of Ramful et al.
(2010). The diluted extract (1 mL extract diluted in solvent until final volume 10 mL), yellow for mandarin and
green for lime, 2.5 mL was mixed in a test tube with 150 pL of 5% aqueous sodium nitrite. After 5 min, 150 ulL
of 10% aqueous aluminium chloride was poured into the reaction, then 1 minute later 1 mL of 1 M sodium
hydroxide was added, resulting in pink solution. The solution was then mixed and the absorbance of the mixture
was measured at 510 nm by spectrophotometer (model DR/4000U, HACH Co. Ltd., USA). A blank was
prepared using solvent without sample. Total flavonoid was calculated with respect to quercetin (Sigma-Aldrich

from Germany) standard curve. The results were expressed in mg of quercetin eq 100 g DW.
Ferric reducing antioxidant power (FRAP)

The FRAP assay was realized according to the method of Ma et al. (2008b). The FRAP working solution was
prepared by mixing 200 mM acetate pH 3.6 solution, with 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine) in 40 mM
HCI solution and 20 mM ferric chloride solution in the volume ratio of 10:1:1 (v/v/v). 100 pL of the diluted
extract (1 mL extract diluted in solvent until final volume 10 mL) were added to 4900 pL of the FRAP solution
and incubated in the dark at room temperature for 30 min. The absorbance was measured at 593 nm by
spectrophotometer (model DR/4000U, HACH Co. Ltd., USA). Ferric reducing antioxidant power was calculated
with respect fo trolox (a water-soluble vitamin E analog of Sigma-Aldrich from Germany) standard curve. The

results were expressed as trolox eq antioxidant capacity (TEAC) mg 100 g of DW.

DPPH Radical scavenging activity (DPPH)

* Antioxidant activities were determined in accordance with the method of Anagnostopoulou et al. (2006) and
Brand-Williams et al. (1995) with slight modifications. Different concentrations for mandarin and lime peel

extracts (0.5, 1.0, 1.5, 2.0, 2.5, 5.0, 7.5, 10.0, 12.5 and 15.0 mg mL™") were tested. These dilutions of each



aqueous extract, 1 mL was mixed with 2 mL of 0.1 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) in methanol.
A blank was prepared using the reaction solvent without sample. Absorbance at 517 nm was determined after
leaving the sample and blank for 30 min in the dark at room temperature. The percentage of scavenging activity
of DPPH was calculated according to the following equation:

Radical scavenging activity (%) = [(Acontrot — Asampte)/ Acontrot] ¥100
(Acontrot = absorbance without extract; A, ;. = absorbance with extract)

ICsp value (ng mL™") is the concentration at which the scavenging activity was 50% from linear regression

analysis.
ABTS Radical scavenging activity (ABTS)

The ABTS assay was determined in accordance with the method of Babbar et al. (2011) with some
modifications. The ABTS stock solution was prepared by mixing 2.45 mM potassium persulphate solution and 7
mM ABTS solution in equal volume to react for 16 h in the dark at room temperature before use. The working
solution was diluted from stock solution with ethanol until absorbance of 0.7 at 734 nm. ABTS working solution
3.8 mL was added to 100 pL of the diluted extract and mixed well. After 2 min, the absorbance was measured at
734 nm by spectrophotometer. Different concentration for mandarin peel extracts (0.5, 1.0, 1.5 and 2.0 mg mL™)
and lime peel extracts (2.5, 5.0, 7.5 and 10 mg mL™") were tested (Guha et al. 2010). A blank was prepared using
the reaction solvent without sample. Percentage scavenging of ABTS radical was calculated according to the
following equation.
Radical scavenging activity (%) = [(Aconirol = Asample) Acontror] ¥ 100
(Acontrot = absorbance without extract; Aguple = absorbance with extract)

ICs value (mg mL™) is the concentration at which the scavenging activity was 50% from linear regression

analysis.

Statistical analysis
All measurements were replicated three times and experimental results are expressed as means. The data were
analyzed by analysis of variance (ANOVA) and the means separated by Duncan's multiple range tests in SPSS.

Pearson’s correlation coefficients were used to determine the correlation between the phenolic compounds and

antioxidant activities.



Results and Discussion

Effect of citrus peel types on total phenolic, total flavonoid, hesperidin and naringin extraction

The effect of citrus peel types factor (A) and interaction effect between citrus peel factor and other factors
(solvent type and concentration) using UAE showed significant difference (p < 0.05) on total phenolic, total
flavonoid, hesperidin and naringin content as shown in Table 1. Mandarin peel extract contained total phenolic,
total flavonoid, and hesperidin content of 2,456.71 mg gallic acid eq 100 g, 2,146.40 mg quercetin eq 100 g!
and 528.77 mg 100 g, respectively which are higher than that of lime peel extract. However, naringin contained
14.65 mg 100 g" which is lower than that of lime peel (p < 0.05). The mandarin peel extract using UAE with
different solvent types and concentrations are shown in Figure 1. It can be seen that the mandarin extract had
higher total phenolic (2,104.20-3,083.61 mg gallic acid eq 100 g"), total flavonoid (1,992.12-2,539.82 mg
quercetin eq 100 g™) and hesperidin (133.91-1,374.2 mg 100 g") than that of the lime peel extract (Figures. 1A-
1C). However, the extract of lime peel had naringin (10.80-53.39 mg 100 g™) higher than that of the mandarin
peel extract (Figure 1D). The results were also are in agreement with other reports that the citrus peels contain
phenolic compounds such as phenolic acids and flavonoids which are major components (Abeysinghe et al.
2007; Gorinstein et al. 2001; Khan et al. 2010; Ma et al. 2009; Makoviek et al, 2012; Oboh and Ademosun
2012; Tripoli et al. 2007). Total phenolic compounds and total flavonoids of mandarin peel in these results were
classified in the high level group according to Ramful et al. (2010) due to its containing total phenolic
compounds and flavonoids content higher than 550 and 360 mg 100 g, respectively. The main citrus flavonoid
was flavanones such as hesperidin and naringin (Abeysinghe et al. 2007; Biesaga 2011; Tripoli et al. 2007).
Especially, hesperidin content was the highest flavonoid in mandarin peel that was extracted by UAE (Brand-
Williams et al. 1995; Khan et al. 2010). Recent results from others reported that hesperidin of citrus peel from
Taiwan contained 100-2,900 mg 100 g (Wang et al. 2008) and dry mandarin peel contained hesperidin

600-3,200 mg 100 g (Makoviek et al. 2012) which supports the results in this study.



Effect of extraction solvent on total phenolic, total flavonoid, hesperidin and naringin extraction

The solvents used in this study were methanol, ethanol and acetone. They were different in their polarities
relative to the polar phenolic compounds of citrus peel (Gattuso et al. 2007). The results of the variable factors,
extraction solvent (B) and interaction effect between the other factors (citrus peel types and solvent
concentration) show significant differences (p < 0.05) on total phenolic, total flavonoid, hesperidin and naringin
content (Table 1). It was found that acetone had the highest (p < 0.05) total phenolic, total flavonoid and
hesperidin content of 1,976.91 mg gallic acid eq 100 g, 1,534.35 mg quercetin eq 100 g and 545.56 mg 100 g,
respectively. These results support those findings in using different solvent types and solvent concentrations to
* extract phenolic compounds from mandarin and lime peels (Figure 1). It was found acetone as extraction solvent
showed the highest phenolic compounds for both mandarin and lime peels. This is because acetone and citrus
flavonoid having similar structures in containing C=0 functional groups (Hemwimol et al. 2006). The different
extraction efficiencies of these solvents can be attributed to their different polarities and viscosities. Although,
the polarity indices of acetone, methanol and ethanol are quite similar; 5.1, 5.1 and 5.2 respectively, acetone has
a lower viscosity (0.32 cP) than methanol (0.60 cP) and ethanol (1.20 cP) (Hemwimol et al. 2006). In addition,
the extraction solvent with low viscosity has low density and high diffusivity, and can be easily diffused into the
pores of the plant material (Londofio-Londofio et al. 2010). When ultrasound was applied, ability to extract
phenolic compounds by acetone was increased because acetone can be easily diffused or penetrated into the
plant matrix. Furthermore, acoustic cavitation occurs more readily in the extraction solvent with low viscosity
since the ultrasonic energy more easily exceed the inter-molecular forces of the liquid. However, acetone has
high vapor pressure (229.52 mmHg) thus resulting in less violence and intensity of bubbles collapse (Hemwimol
et al. 2006). Recent report from other researcher revealed that phenolic compounds and antioxidant activity from
pummelo extract was significantly different according to solvent type (Jayaprakasha et al. 2008) which supports
the results from this study. The result was also in agreement with the researchers who reported that acetone was
used to extract phenolic compounds from Etlingera elatior Jack. by solvent extraction (Wijekoon et al, 2011).
Of those researches, Musa et al. (2011) found that acetone provided the highest extraction efficiency from pink-
flesh guava fruit. Hemwimol et al. (2006) reported that acetone extract showed higher anthraquinones from
Morinda citrifolia than that of methanol and ethanol by UAE. Furthermore, acetone is acceptable for used in

food extract with good manufacturing practice (GMP) (Chemat et al. 2011; Hemwimol et al. 20006).



Effect of solvent concentration on total phenolic, total flavonoid, hesperidin and naringin content

Various solvent concentration (C) showed significant differences (p < 0.05) in the extraction of total phen.olic,
total flavonoid, hesperidin and naringin content. Furthermore, the interaction effect between the solvent
concentration and other factors on total phenolic and hesperidin was also significantly different (p < 0.05) as
shown in Table 1. For solvent concentration, 20% solvent concentration showed the lowest (p < 0.05) total
phenolic, total flavonoid, hesperidin and naringin content due to increasing water level, as a result phenolic
compounds had more difficulties to diffuse from citrus peel to solvent. Moreover, as the level of water
increased, the intensity of cavitation bubbles were increased which could result in destroyed phenolic
compounds (Chemat et al. 2011; Hemwimol et al. 2006). However, hesperidin was slightly degraded by
cavitation bubbles due to its containing sugar rhamnosyl-a-1,6 glucose (Tripoli et al. 2007) which can protect
molecules against degradation (Biesaga 2011). The results were also in agreement with the others who reported
that the extraction yield of quercetin increased with increasing percentage of methanol more than 60% (Biesaga
2011). Therefore, 80% concentration of all solvents had the highest (p < 0.05) hesperidin and naringin content of
648.07 and 28.74 mg 100 g”', respectively as shown in Table 1. The findings are in good agreement with Khan

et al. (2010) who used 80% ethanol: water ratio for extracting hesperidin and narin in from fresh citrus peel,
g hesp iy p

Total combination of the interaction between citrus peel type, solvent types and solvent concentrations of 18
treatments were compared in terms of total phenolic, total flavonoid, hesperidin and narillgill content (Figure 1),
It was found that in the extraction from mandarin peel by UAE, 80% acetone provided the highest (p < 0.05)
total phenolic, total flavonoid, hesperidin content of 3,083.61 mg gallic acid eq 100 g, 2,539.82 mg quercetin
eq 100 g and 1,374.20 mg 100 g, respectively. In addition, for lime peel extract 80% acetone also showed the
highest (p < 0.05) naringin 53.39 mg 100 g since 80% acetone was polar solvent and had low viscosity

therefore, phenolic compounds can be easily released into the solvent by UAE using low power.

DPPII Radical scavenging activity

DPPH is a free radical compound that has been popularly used to determine the free radical scavenging activity
of various citrus samples (Babbar et al. 2011; Khan et al. 2010; Oboh and Ademosun 2012; Su et al. 2008;

Thitima et al. 2009). The changes of DPPH radical scavenging percentage with increased concentration of



mandarin and lime peels using different solvent types and solvent concentrations by UAE were shown in Figure 2.
It was found that percentage of DPPH radical scavenging of mandarin peel extracted with_ methanol, acetone and
ethanol increased rapidly during concentrations of 0.5 to 2.5 mg mL" and thereafter remaining steady at 5.0 mg mL".
However, the percentage of DPPH radical scavenging of lime peel extract was slightly increased during
concentrations of 2.5 to 12.5 mg mL" and thereafter remaining steady. From this result, it was found that the
highest percentage of DPPH radical scavenging of mandarin content was 85.53-94.65% and lime peel content
was 86.47-94.33%. Extraction with methanol and acetone provided similar results. The results were in
agreement with Thitima et al. (2009) who reported 93.9% of DPPH radical scavenging with a lime peel and
Babbar et al. (2011) 83% of DPPH radical scavenging with mandarin peel. However, when considered the
concentration that inhibited DPPH radical scavenging at 50%, the mandarin peel extracts had stronger radical
scavenging than lime peel exfracts as it used a less amount of the peel extract than lime peel for inhibition of
DPPH radical scavenging at 50%. Therefore, this experiment illustrated that the radical scavenging DPPH ICs,

form was more accurate than that of the DPPH percentage form.

Effect of citrus peel type on antioxidant activity

The results of the variable factors, citrus peel type (A) showed significant differences (p < 0.01) on antioxidant
activity including FRAP, DPPH and ABTS as shown in Table 2. As mandarin peel contained a high level of
phenolic compounds (Table 1 and Figure 1) the extracts exert higher antioxidant activity. This is due to phenolic
compounds reducing ferric and inhibiting DPPH and ABTS radicals (Prochézkové et al. 2011; Su et al. 2008).
Total combination of interaction between citrus peel types, solvent types and solvent concentrations of 18
treatments were compared in terms of FRAP, DPPH and ABTS assays and are shown in Figure 3. It was found
that the mandarin peel had FRAP, DPPH and ABTS of 1,676.31-2,521.50 trolox eq mg 100 g DW, 0.61-0.86
and 1.12-1.47 mg mL", respectively which was higher than that of lime peel due to the higher levels of total
phenolic, flavoncid and hesperidin conlent in mandarin peel than in lime peel. The mandarin peel was
considered as a strong antioxidant which had good hydrogen donor to DPPH radical at the same level as BHT
(Babbar et al. 2011). The inhibition 50% DPPH (ICs) of mandarin peel was 0.61-0.86 mg mL™" which was in
agreement with Su et al. (2008) who obtained the ICsy of 0.46-0.78 mg mL" from citrus herbal. The mandarin

peel (Citrus reticulate) reduced Fe®* to Fe®* better than other citrus peels (satsumah, tangor, bergarmot, lemon

and orange) (Ramful et al. 2010).



Effect of solvent type on antioxidant activity

The results of the variable factors, solvent type (B) showed significant differences (p < 0.01) on antioxidant
activity including FRAP, DPPH and ABTS. However, interaction between solvent type and solvent
concentration (BxC) and interaction effect between citrus peel type, solvent type and solvent concentration
(AxBxC) did not show significant differences (p > 0.05) on antioxidant activity DPPH and ABTS as shown in
Table 2. Figure 3 show that acctone was the best solvent for extraction which had the highest FRAP content.
Due to its polarity index, viscosity and surface tension of acetone causing phenolic compounds to be easily
diffused into the solvent (Gorinstein et al. 2001; Hemwimol et al. 2006; Li et al. 2013). However, DPPH and
ABTS radical scavenging activity of mandarin peel extract of all solvents which was not significantly different

(p > 0.05) as it used less concentration of extract at 0.6-0.8 and 1.1-1.5 mg mL™ to inhibit 50% of DPPH and

ABTS radicals, respectively.

Effect of solvent concentration on antioxidant activity

The effect of the variable factor, solvent concentration (C), showed significant differences (p < 0.05) on
antioxidant activity including FRAP, DPPH and ABTS as shown in Table 2. Furthermore, 80% concentration
had the highest antioxidant activities especially FRAP and ABTS (p < 0.05). This might be due to the polarity
index, viscosity and surface tension of water (10, 0.89 cP, 72.8 mN cm™") (Hemwimol et al. 2006; Musa et al.
2011) which is higher than that of methanol, ethanol and acetone. Increase level of water content in the solvent
resulted in phenolic compounds having difficulty in diffusing into the solvent which was in agreement with
Musa et al. (2011) who reported that water showed the lowest activity compared with organic solvent used for
extraction of antioxidant compounds, and higher antioxidant activity should have up to 50% organic solvent in
the extraction mixture. However, all solvents and concentrations used to extract mandarin peel had no
significant ditference (p > 0.05) in ICs5o of DPPH and ABTS as shown Figure 3. Mandarin peel extract of 0.61-
0.86 and 1.12-1.47 mg mL"' showed the inhibition to DPPH and ABTS radicals at 50%, respectively. Mandarin
peel extracted with 80% acetone showed the highest FRAP content of 2,521.50 mg of trolox eq 100 g DW due
to the highest phenolic compounds which were easily diffused into the solvent by UAE, and can reduce more

ferric and inhibit DPPH and ABTS radicals (Babbar et al. 2011; Peterson et al. 2006; Tripoli et al. 2007).



Correlation between phenolic compounds and antioxidant activities

The correlations between phenolic compounds (total phenolic, total flavonoid, hesperidin and naringin content)
and antioxidant activity (FRAP, DPPH and ABTS) from mandarin and .lime peel extracts with the Pearson
correlation coefficients are shown in Table 3. The total phenolic contents showed a good positive correlation and
significant correlation with antioxidant activity r = 0.978 for FRAP. Moreover, it had a strong negative
correlation and significant correlation with DPPH (ICsp) and ABTS (ICsq) r = -0.939 and -0.949, respectively,
The result showed a similar correlation between phenolic contents and antioxidant activity reported previously
(Babbar et al. 2011; Musa et al. 2011; Ramful et al. 2010; Huang et al. 2005; Prior et al. 2005). Furthermore, the
citrus flavonoid had a good positive correlation with antioxidant activity r = 0.973 for FRAP and a strong
negative correlation with DPPH (ICs) and ABTS (ICs) r = -0.950 and -0.966, respectively, showing stronger
activity than that of phenolic content, which was also proved in other studies, as of such, mandarin peel contains
less total phenolic content lower than litchi seed and grape seed, but it demonstrates higher antioxidant activity
due to higher flavonoids (Babbar et al. 2011). Moreover, flavonoids are chemically least degradable compound

by UAE comparing to other phenolic compounds which attributes to the better stability in the solvent (Biesaga

2011).

Conclusion

The effects of low power UAE depend on individual or interaction parameter. This experiment showed the
individual and combination effects including peel type, type and concentration of solvent. The effects showed
significant influenced on total phenolic, flavonoid, flavanone glycoside and antioxidant activity. Mandarin peel
had total phenolic, flavonoid, hesperidin and antioxidant activities higher than that of lime peel but naringin was
lower than that of lime peel. Among three solvents used, acetone was the best solvent for extraction of fotal
phenclic and antioxidant activity, particularly acetone at 80% concentration was suggested to use in extraction

for both mandarin and lime peels by UAE because it provided high efficient extraction and lower the risk of

antioxidant damaged by ultrasonic energy used at optimum condition.
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Table 1

Analysis of variance of main and interactive effects on the total phenolic, total flavonoid, hesperidin and

naringin content as an efiect of citrus peel type, solvent type and concentration of extraction solvent using UAE
of citrus peel (means and significance of differences) .

Source of Total phenolic Total flavonoid Hesperidin Naringin
variation (mg 100 g™ (mg 100 g) (mg 100 g™ (mg 100 g™")
Citrus peel types (A) XX XX XX XX
Mandarine peel 2,456.71 £34.97*  2,146.41 +27.52% 528.77 + 49.13* 14.65 + 1.46°
Lime peel 987.51 +21.85" 600.83 +11.37° 257.05 + 18.68" 26.09 +2,03*
Extraction solvents (B) _ XX XX XX XX
Methanol 1,640.72 £ 99.35°  1,247.43 +99.43° 338.95 +37.61° 23.47 +1.38°
Ethanol 1,548.64 + 61.43°  1,339.17 +103.37° 286.50 + 31.46° 15.53 + 1.50°
Acetone 1,976:80 1 143 51° 1,534.35 + 120.13* 545.56 + 64.29" 22.52 %2977
Solvent concentrations (C) XX XX XX XX
20 1,592.55 £ 92.22* 1,315.61+106.577 187.87 + 13.43* 12.38 + 1.59*
50 1,851.24 + 106.75* 1,42191£112.09" 362.39 +33.78” 20.56 + 1.76”
80 1,722.53 + 117.74" 1,383.43+ 108.54" 648.07 + 62.53" 28.74 + 2 817
Interaction
AxB XX XX XX XX
AxC XX ns XX ns
BxC X% XX XX X
AxBxC XX XX X X

xx =p < 0.01; x=p £ 0.05; ns = not significantly different.
Aand B Mean values with different letters in columns are significantly different; p < 0.05 for citrus peel types
a,bandc Mean values with different letters in columns are significantly different; p < 0.05 for solvent extraction types

x,yandz Mean values with different letters in columns are significantly different; p < 0.0S for solvent concentrations
Values are mean :* standard error



Table 2
Analysis of variance of main and interactive effects on the antioxidant activity as an effect of citrus peel type,

solvent type and concentration of extraction solvent using UAE of citrus peel (means and significance of
differences)

Source of FRAP Radical scavenging activity (ICsp)
variation mg Trolox equivalent DPPH ABTS
Citrus peel type (A) XX XX XX
Mandarine peel 1,917.61 +34.10* 0.72 4 0.02" 1.26 +0.03"
Lime peel 523.68 + 14.52° 4.99 +0.14% 9.46 +0.18"
Solvent type (B) XX XX XX
Methanol 1,092.11 + 8.88" 2.63+0.48° 5.48 + 1.04°
Ethanol 1,053.10 + 8.66° 331+0.61° 5.79 +1.03°
Acetone 1,561.71 + §.30° 2.62 +047° 4.80 + 1.04°
Solvent concentration (C) XX S XX
20 1,166.33 £ 96.13% 3.01 +£0.56 5.66 £ 1.04"
50 1,211.12 £ 99.55" 2.83.: 0.52 §.39 £% ‘04
80 1,283.53 + 10.65" 2.72 + 0.50" 5.08 5 109
Interaction
AxB XX XX XX
AxC XX ns XX
BxC XX ns ns
AxBxC XX ns ns

xx=p < 0.01; x = p < 0.05; ns = not significantly different

Aand B Mean values with different letters in columns are significantly different; p <0.05 for citrus peel types
a,band ¢ Mean values with different letters in columns are significantly different; p < 0.05 for solvent extraction types
%, yand z Mean values with different letters in columns are significantly different; p < 0.05 for solvent concentrations
Values are mean + standard error



Table 3

Correlation analyses for antioxidant activity, total phenolic, total flavonoid, hesperidin and naringin content
from mandarin and lime peel extracts

FRAP
Total 1 s G ;
phe(:iglic ﬂarf.rt:)t::oid Hesp endm] Naringin (mg I(DII(,?PI;I ?I%TS
(mg 100 g 1, (mg 100 ¢™) (mg 100 &) Trolox eq 0 50)4
g g) (mgl00g?) 100 &) (mg ml™) (mg ml™)

Total phenolic
(mg/100 g) 1

Total
flavonoid

$%
(ng/100 g) 0.973 1

Hesperidin
(mg/100 g) 0.575%4 0.495%* 1

Naringin
(mg/100 g) -0.311%* -0.361%% 0.157 1

FRAFP

(mg Trolox £ 5 . 4
eq/100 ¢) g.978%% 0.973 f.571% -0.328%* 1

DPPH (ICsq)
(mg/ml) -0.939#%+ -0.950** -0.482%* 0.239 -0.941*% 1

ABTS (ICsp)
(mg/ml) -0.949%%  -0.966**  -0.502%*  0.250 -0.955%%  0.984%% |

*+, < 0.01
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Figure Captiohs
Tig. 1. Total phenolic content (A), total flavonoid (B), hesperidin (C) and naringin (D) from mandarin
and lime peel extracts using UAE with different solvent extraction types and solvent

concentrations. Data are expressed as means * SD (n=3) and different letters on bars indicate

significant differences (p < 0.05).

Fig. 2. DPPH radical scavenging activity of antioxidants from mandarin and lime peel using methanol
(A) ethanol (B) and acetone (C) at different concentrations by UAE with 40 'C of temperature,

30 minutes and 50.93 watts of power. Data are expressed as means + SD (n=3).

Fig. 3. Antioxidant activity of mandarin and lime peel extracts using UAE with different solvent types
and solvent concentrations on (A) FRAP (TEAC) assay; (B) DPPH assay; (C) ABTS assay. Data

arc expressed as means + 8D (n=3) and different letters on bars indicate significant differences (p

<0.05).
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Abstract Lime peel is a rich source of polyphenols including phenolic acids and flavonoid.
The ultrasound assisted extraction method has been widely applied in extraction of
polyphenols from plant materials due to its ability to help in reducing extraction times and
increasing extraction yields. However, there have been a few reports on the effects of solvent
types and solvent concentrations on the polyphenols by the ultrasound assisted extraction.
The aim of this work was therefore to investigate the effects of solvent types (methanol,
ethanol and acetone and concentrations (20, 50 and 80% v/v) using ultrasound assisted
extraction on the antioxidant activity, total phenolic content, total flavonoid content and
flavanone glycosides (hesperidin and naringin) of lime peel. The results showed that the lime
peel extract obtained from using 80% acetone provided the highest antioxidant activity (ICso
by DPPH radical scavenging 4.32 mg/ml), total phenolic content (1,338.18 mg of gallic acid
equivalent/100 g DW), total flavonoid content (781.89 mg of quercetin equivalent/100 g DW)
and flavanone glycosides (622.53 mg of hesperidin and 53.39 mg of naringin/100 g DW).

Therefore, 80% acetone was regarded as a suitable solvent for extraction of polyphenols by
ultrasound assisted extraction from lime peel.

Keywords Ultrasound assisted extraction, Lime peel, Flavonoid, Hesperidin, Naringin

1. Introduction

The citrus consumption in the last few years is continuously increasing with an
estimated global production of citrus fruits up to 50 million tons in the session 2010 —2012 [1,
2]. Moreover, in 2011 the produection of lime in Thailand was 152,536 tons. Consumption of
lime is mostly in the form of juice, so there is a peel available which accounts for half the
weight of the volume. Most peels are disposed as waste, which causes pollution to the
environment. Nowaday, renewed interest in the use of plant materials as a source of naturally
bioactive compounds has grown. There have been many reports on the benefits of citrus peels
which contain total polyphenol contents in peels of lime, lemons, oranges and grapefruits
were higher than that of the fresh [3, 4].

Lime peel contains phenolics, flavonoids, ascorbic acid, carotenoids and reducing
sugars and high antioxidant activity [5] which can help the body scavenge firee radicals
effectively. Moreover, these polyphenolic compounds have been found effective in many
health-related properties, such as antioxidant, anticancer, antiviral and anti-inflammatory
activities [6].

The extraction capacity and efficiency of different methods for polyphenol from
citrus peels have been evaluated, such as solvent extraction, enzyme-assisted extraction and
heat treatment [7, 8]. However, these extraction methods have low efficiency, such as long
extraction time, high temperature and large volumes of organic solvent used which can be

1
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resulted in an environmental pollution. Furthermore, polyphenols are very sensitive to light,
heat and oxygen. Therefore, it is necessary to build efficient extraction method and keep the
stability of polyphenols.

Ultrasound assisted extraction (UAE) has attracted more and more attention due to
its higher extraction efficiency with shorter extraction time compared to traditional methods,
such as solvent extraction and soxhlet extraction [1, 9]. The ultrasonic enhancement is mainly
attributed to behaviors of the bubbles of cavitation upon the propagation of the acoustic
waves. Collapse of bubbles can disrupt biological cell wall to facilitate the release of
extractable compounds [1, 10]. There have been many solvent types for isolation of
polyphenols from citrus plants by ultrasound assisted extraction, for example methanol was
used for extraction of phenolic compounds from plant materials [11, 12]. In addition, food
grade ethanol [1] and acetone [13] were used for extraction of polyphenols especially
flavonoids from citrus peels. However, there have been a few reports on the effects of solvent
types and solvent concentrations on the polyphenols by the ultrasound assisted extraction
from lime peel.

This work aimed to study the effects of solvent types (methanol, ethanol and
acetone) and concentrations ( 20, 50 and 80% v/v) using UAE on the antioxidant activity,

total phenolic content, total flavonoid content and flavanone glycosides (hesperidin and
naringin) of lime peel.

2. Materials and methods
2.1 Plant Materials

Lime, (Citrus aurantifolia) 4 months after bloom, were collected 3 times in
December 2011, January and Febluaiy 2012 from Phitsanuloke province, Thailand. The peels
were cut into a size of 1 cm” and dried in hot air oven at 60 °C for 2 h or until reaching a
moisture content of 9-10%. The dried peels were grounded with a blade mixer, sieved
through a 50 mesh and kept in a brown glass bottle at -20 °C until used.

2.2 Ultrasound assisted extraction (UAE)

For the UAE experiments, an ultrasonic bath was used as an ultrasound source. The
bath (model 175DAE, Crest Co. Ltd., Malaysia) was a rectangular container (16.4 cm x 13.3 cm
% 10.2 cm). The transducers (fiequency 38.5 kHz) were annealed at the bottom. The ultrasonic
power level 5 (50.93 W) was used in this study. One g of ground dried peel was added into 20
ml of solvent in a 120 ml brown glass bottle. The bottle was immersed into the ultrasonic
bath which contained 1200 ml of water at 40 °C for 30 min. After extraction, the supernatant
was filtered under vacuum through Whatman paper No. 4 and analyzed for the antioxidant
activity, total phenolic, flavonoid, hesperidin and naringin content.

2.3 Experimental design

The factorial randomized complete block designs was used for the experimental
design to determine the factor in this study with 3 replications. The effects of two factors,
including the extraction solvents (methanol, ethanol and acetone) and solvent concentrations
(20, 50 and 80% v/v) on the antioxidant activity (DPPH radical scavenging activity), phenolic

compounds and flavonoid from citrus peels by UAE were investigated. The total of 9
different experiment combinations were analyzed.

2.4 HPL.C analysis

HPLC analysis were carried out on a Agilent 1100 chromatograph using a UV
detector at 280 nm and a C18 reversed-phase column (Agilent TC-C18 250 mm x 4.6 mm, 5

2
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um) operated at 37 °C. The mobile phase consisted of two solvents: 0.5% acetic acid (A)
and 100% acetonitrile (B). The solvent gradient in volume ratios was as follows: 10-30% B
over 20 min. The solvent gradient was increased to 35% B at 25 min and it was maintained at
35% B for 5 min at 1 ml/min. The injection volume was 20 pl [1]. Analyses were performed
at least three times and only mean values were reported. Quantification was carried out by

using the external standard method and the final concentrations were calculated in mg/100 g
DW.

2.5 Total phenolic content (TPC)

The total phenolics content was determined according to the method of
Anagnostopoulou et al. [14]. The reaction mixture was consisted of 0.5 ml of the aqueous
extract (1 ml extract diluted in solvent 10 ml at a ratio of 1:10), 5 ml of distilled water and 0.5
ml of the Folin—Ciocalteu’s reagent. After a period of 3 min, 1 ml of saturated sodium
carbonate solution was added. The 10 ml volumetric flasks were vortexed and allowed to
stand for 1 h. The absorbance was measured at 725 nm in spectrophotometer (model

DR/4000U, HACH Co. Ltd., USA). The total phenolic content was expressed as mg gallic
acid equivalent /100 g DW.

2.6 Determination of antioxidant activity (DPPH radical scavenging activity)

Antioxidant activities were determined according to the method of Anagnostopoulou
et al. [14]. Aqueous extract 1 ml was added to 2 ml of 1 mM DPPH in methanol. A blank was
prepared using the reaction solvent without sample. Absorbance at 517 nm was determined
after leaving the sample and blank for 30 min at room temperature in the dark room. The
inhibition of DPPH activity was calculated according to the following equation:

SCEIVCIlgiI]g a‘CtiVity (%) = [(Acontfol b Asample)’lAControl] g 1 00

(Acontrol = absorbance without extract; Agapie = absorbance with extract)

ICso value (mg/ml) is the concentration at which the scavenging activity was 50% from linear
regression analysis.

2.7 Total flavonoid content

Total flavonoids were measured using a colorimetric assay according to the method
of Ramful et al. [15]. Aqueous extract 2.5 ml was added to 150 pl of 5% aqueous NaNO, and
the mixture was vortexed. A blank was prepared using solvent without sample. After 5 min,

150 pl of 10% aqueous AICl; was added. One ml of 1 M NaOH was added 1 min after the
addition of AICl;. Solution was mixed and the absorbance was measured at 510 nm. Total

flavonoids were calculated with respect to quercetin standard curve. Results were expressed in mg
of quercetin equivalent /100 g DW.

3. Statistical analysis

Experimental results are expressed as means. All measurements were replicated

three times. The data were analyzed by analysis of variance (ANOVA) and the means
separated by Duncan's multiple range test.

4. Results and discussion

The results of the variability factors including extraction solvent types (methanol,
ethanol and acetone) and solvent concentrations (20, 50 and 80% v/v) and interaction effects

between the variability factors of lime peel by UAE shown significantly different (p < 0.05) on
3
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DPPH radical scavenging activity (ICsg), total phenolic, total flavonoid, hesperidin and
naringin content. However, the interaction effect between the variability factors on the DPPH
radical scavenging activity (ICso) did not show significant difference (p > 0.05) as shown in
Table 1. :

The solvents used in this study were methanol, ethanol and acetone. They were
different in their polarities (Table 2) relative to polyphenol of lime peel as phenolic acid,
flavonoid, flavanone glycoside (hesperidin and naringin) were polar compounds [16]. Recent
results from others reported that polyphenol and antioxidant activity from pummelo extract

was significantly different on comparison with solvent type [17] which support the results
from this study.

Table 1. Analysis of variance for main and interactive effects on the antioxidant activity and
polyphenols as an effect of type and concentration of extraction solvent using UAE of lime
peel (means and significance of differences)

Source of DPPH Total Total Hesperidin =~ Naringin
variation Radical phenolic flavonoid content content
scavenging content content
activity (ICsp)
Extraction XX X e 2 XX XX
solvents (A)
Solvent X 20 XX %% XK
concentration (B)
Interaction ns XX 6.5 XX XX
AxB

xx=p <0.01; x =p < 0.05; ns = no significant.

Properties of the extracts from lime peel using UAE with three different solvent
types showed that acetone gave the highest antioxidant activity (lowest DPPH ICsq) 4.59
mg/ml, total phenolic content 1179.60 mg gallic acid equivalent /100 g, total flavonoid
content 679.11 mg quercetin equivalent/100 g, hesperidin content 365.10 mg/100 g and
naringin content 33.11 mg/100 g (p < 0.05) as shown in Table 1. The different extraction
efficiencies of these solvents are attributed to their differing polarities and viscosities.
Although, the polarity indices of acetone, methanol and ethanol are similar but acetone has
the low viscosity 0.32 cP [18]. When ultrasound was applied, ability to extract polyphenol by
acetone was increased because acetone can be easily diffused into the plant matrix. As for the
influence of liquid viscosity, acoustic cavitation occurs more easily in the liquid with low
viscosity because the ultrasonic intensity applied could more easily exceed the molecular
forces of the liquid. In addition, the liquid with low viscosity has low density and high
diffusivity, and can easily able to diffuse into the pores of the plant materials [10]. The result
was also in agreement with the others who reported that acetone were used to extract

anthraquinones from Morinda citrifolia by ultrasonic [18] and free soluble phenolic from citrus
peel [13].



13 ASEAN Food Conference, 9-11 September 2013, Singapore
Meeting Fulure Food Demands: Securily & Sustainability

Table 2. Properties of methanol, ethanol and acetone (at 25 °C)

Type of solvents Polarity Surface Vapor Viscosity
index tension - pressure (cP)
(mN/cm) (mmHg)
Methanol 5. 22.6 127.05 0.60
Ethanol 5.2 23.7 59.02 1.20
Acetone 5.1 237 229.52 0.32
Water 9.0 72.8 23.80 0.89

Source: Hemwimol et al. [18]

The effect of solvent concentrations at three levels using UAE to extract lime peel
found that 80% (v/v) solvent concentration provided the highest antioxidant activity (DPPH
ICsg), total flavonoid, hesperidin and naringin content of 4.75 mg/ml, 624.81 mg quercetin
equivalent/100 g, 392.84 mg/g and 35.81 mg/g, respectively (p < 0.05) as shown in Table 3.
The findings are in good agreement with Khan et al. [1] that ethanol:water ratio of 80% (v/v)
were chosen as optimal for extracted hesperidin and naringin from fiesh citrus peel. However,
20% (v/v) solvent concentration showed the lowest antioxidant activity (DPPH ICsp), total
flavonoid, hesperidin and naringin content of 5.28 mg/ml, 554.33 mg quercetin equivalent/100
g, 160.99 mg/g and 17.15 mg/g, respectively  (p < 0.05) because viscosity, surface tension and

polarity increased due to increasing in water level as a result polyphenol difficultly diffused
from the plant matrix into solvent.

Table 3. Effect of solvent types and concentrations of solvent on DPPH radical scavenging
activity, total phenolic, total flavonoid and hesperidin and narigin content using UAE of lime
peel (means and significance of differences)

Effect of types and DPPH radical Total Total Hesperidin - Naringin
concentration scavenging phenolic flavonoid = content content
solvents activity (ICsp) content (mg/100 g) (mg/100g) (mg/100 g)
mg/ml (mg/100 g)

Solvent Methanol 4.60b 855.06¢ 525.58¢ 223.02b 27.24a
types Ethanol 5.50a 927.87b 597.82b 184.67¢c 17.65b
Acetone 4.59b 1179.60a  679.11a 365.10a 33.11a

Solvent 20 5.28a 929.69b 554.33b 160.99¢ 17.15¢
concentration 50 4.95ab 1084.93a  623.36a 224.95b 25.69b
(%) 80 4.75b 947.92b 624.81a 392.84a 35.81a

a, band ¢ ~ Mean values with different letters in columns are significantly different; p < 0.05.

The extracts using methanol, ethanol and acetone at concentration of 20, 50 and 80%
(v/v) by UAE contained fotal phenolic and total flavonoid content with the range of 644.61-
1338.18 mg gallic acid equivalent/100 g and 508.38-781.00 mg quercetin equivalent/100 g,
respectively. The result was also in agreement with another reported that lime peel contain
total phenolic content of 811 mg/100 g [19].

The acetone 80% extract had the highest total phenolic contents and total flavonoid
content 1338.18 mg gallic acid equivalent/ 100 g and 781.89 mg quercetin equivalent/ 100 g,
respectively (p < 0.05) as shown in Table 4 because it was low in viscosity (Table 2),
Therefore, polyphenol can be easily released into the solvent.
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Table 4. Total phenolic, total flavonoid, hesperidin and naringin content from lime peel using UAE
with different solvent types and concentrations

Treatments Total Phenolic Total flavonoid Hesperidin Naringin
Solvent Solvent content content content content
types concentration (%) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
Methanol 20 868.55+17.16f 515.55+30.69ef 139.61+12.87e 10.80+4.43¢
50 1054.13+14.78¢ 508.38+18.03f 201.58+52.35¢d 37.0545.54b
80 860.95433.34f 552.82452.83e 322.504+66.32b 32.16+9.23bc
Ethanol 20 936.68+14.99¢ 593.70+66.47d 128.77+37.56¢ 15.58+5.75de
50 983.87+55.39d 660.05+63.49¢ 148.87+98.43de 17.67+9.65de
80 644.61+66.28¢ 539.70+48.87¢f 276.35+28.02b 23.64+8.39¢d
Acetone 20 983.83+29.28d 553.77+72.08¢ 210.57+88.00c 24.28+16.94¢d
50 1216.80+32.27b 701.66+57.02b 321.06+38.00b 24.2044.60cd
80 1338.18+63.13a 781.89+43,52a 622.53+57.24a 53.39+26.38a

a, b, c,d, e, fand g— Mean values with different letters in columns are significantly different; p <0.05.

Hesperidin and naringin were major flavonoid of citrus peel [6, 20-23]. The extract
using 80% acetone had the highest hesperidin and naringin content of 622.53 and 53.39
mg/100 g, respectively as shown in Table 4. There has been reported that citrus peel contain
100-2900 mg/ 100 g hesperidin [20] and 19.3-492 mg/100 g naringin [24] which in
agreement with this present study.

Radical scavenging activity (ICsg) of nine extracts from lime peel of different
solvents and concentrations were tested by DPPH method and the results are illustrated in
Figure 1. Acetone and methanol at 20, 50 and 80% (v/v) exfracts inhibited DPPH radicals
significantly higher than that of ethanol extracts because acetone and methanol had lower
viscosity than that of ethanol [18]. In addition, phenolic acid, flavonoid, hesperidin and
naringin can be casily diffused into solvent. Therefore, the extracts are intercept the free
radical chain of oxidation and donate hydrogen from the phenolic hydroxyl groups, thereby
forming stable end product. The extracts isolated from citrus peels are free radical scavengers
and primary antioxidants that react with DPPH radical, which may be attributed to its proton

donating ability. The antioxidant activity of the citrus peel fractions was ascribed to their
hydrogen donating ability [17].
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Figure 1. DPPH radical scavenging activity (ICsp) of lime peel extracts of different types and
concentrations of solvent using UAE (a and b — Mean values with different letters above bars are
significantly different; p <0.05.)

5. Conclusion

This study showed that the factors in the UAE had a significant influence on the
DPPH radical scavenging activity (ICsp), total phenolic content, total flavonoid content,
hesperidin content and naringin content of lime peel were solvent type and solvent
concentration. The interaction of factors, acetone at 80% (v/v) was regarded as a suitable
solvent for extraction of lime peel as it had the highest antioxidant activity (DPPH ICsq 4.32
mg/ml), total phenolic content (1,338.18 mg of gallic acid equivalent/100 g DW), total
flavonoid content (781.89 mg of quercetin/100 g DW) and flavanone glycosides (622.53 mg
of hesperidin and 53.39 mg of naringin/100 g DW).
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