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Abstract

Citrus fruit juices have taken great attention for their health benefits with high variety
of antioxidants such as phenolic compounds and flavonoids, which have protective effects
against heart disease and cancers. Nevertheless, very little informations are known about the
antioxidant activity of citrus fruit juices during the digestion process. The aim of this study
was to examine the influence of digestive condition in gastrointestinal system on the
antioxidant capacities and antioxidant compounds of citrus fruit juices including mandarin,
tangerine, pomelo, orange juice concentrate, leech lime and lime juices. The antioxidant
activity and antioxidant compounds of some citrus fruit juices both before and after in vitro
digestion were evaluated by DPPH scavenging activity, FRAP assay, total phenolic contents
(TPC) and total flavonoid contents (TFC). Additionally, superoxide radical scavenging activity
was also determined. The results revealed that before in vitro digestion the bioaccessible
total phenolic content (0.32-0.09 mg GAE/mL), total flavonoid content (2.38-9.8 mg of
hesperidin/mL) and antioxidant activity DPPH scavenging activity (12.96-96.28% inhibition),
FRAP value (0.08-5.52 mM/mL). Although, antioxidant compounds and antioxidant activity
before in vitro digestion have highest value but the results observed that after in vitro
digestion decreased the antioxidant compounds total phenolic content (0.02-0.04 mg
GAE/mL), total flavonoid content (1.01-1.18 mg of hesperidin/mL) and antioxidant activity
DPPH scavenging activity (24.68-72.85% inhibition), FRAP value (0.01-2.11 mM/mL) (p<0.05).
Moreover, we found that orange juice concentrate had the highest inhibitory effect against
superoxide radical with ICsy = 0.25+6.41%. Thus, the present study can be concluded that

digestive system effect to the bioaccessibility of citrus fruit juice.
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5. UUmdnlugdl vuie 20 - 200 lulasdns way 100 — 1000 lulAsans US®w Lio Lab  Usemalne
6. lulasiman vu1m 96 wau
7. viasawaasndndel vue 15 uag 50 Jaddns
8. \nveadavAion 2 uag 4 sumis UM Precsia UseimAaunusigaia
9. 1A3RIRAAYINA (vacuum pump) U3SW GAST Useinranigawsm
10. wdesiadnsganduuas wuulilasinan UM VERSAMAX Usseneiuaunn

11, m‘%‘aﬁmﬁwms@,@naum WUU UVAVIS Spectrophotometer U3 ANALYTICAL LAB  SCIENCE
Uszelne

12. \ATeaNaANA1Ta¥ay (vortex mixer) U3¥M IKA work Ussiraniusssuaide

2.2 @l
1. Aluminium Chloride (AlCl;) U3¥% Merck Ussineaniusigieasudl
2. 1,1- Diphenyl-2-picrylhdrazyl (DPPH) U3¥w Fluka, Ussimaannussgiuasuil
3. Butylated hydroxyl toluene (BHT) U3¥w Aldrich, Ussimeaniussgiwasuil
4. Disodium hydrogen phosphate (Na,HPO,) US%% Fisher Chemicals, USEinAd@nInvanuang
5. Folin-Ciocalteu’s reagent U3t CARLO ERBA, Useinmanwusiiuasuil
6. Gallic acid U3¥W Fluka, Useinmaniussgieasull

7. Hesperidine U3¥W SIGMA, UsemAanigaiisni



8. Hydrochroric acid (HCL) U3t CARLO ERBA Useimavnwussgieasuil

9. Methanol U3¥M Merck, Usuivmaniussgieasuil

10. Sodium Hydroxide (NaOH) U3¥w Merck Useimmaniussigiwasull

11. Sodium dihydrogen phosphate (NaH,PO,.2H,0) u3#¥w Chemikit limited Partnership Uszina
ny

12. Sodium nitrite (NaNO,) US¥% APS Finechem Usewraadwnsiae

13. 100% Mandarin orange juice U3 Malee sam pran Uszinelve

14. 100% Pomelo juice U3¥% Malee Bangkok Usginelng

15. 100% Sai Nam Phueng orange juice U3¥w TIPCO F&B Uszwnelne

16. 100% Orange juice US¥W lnwansuwa 3100 Usenelne

17. O-Amylase US¥W Fluka, Usswmaniussgieasuil

18. Pepsin U3¥M Merck, Usewmaaniussgieosuil

19. Pancreatin U3¥% BIO BASIC INC, UsgAuauIn

20. Bile extract US®¥% BIO BASIC INC, UseinawAUIA

2.3 yaldl

v
o v

Uwaldisniunfnwiiunen 2 wuas fe urdule (Citrus maxima (Burm.) thdudneunia

v
o 174

(Citrus reticulata Blanco) thduusua3u (Citrus reticulata) wasihdududu (szyaneiug) uid
dulaguiivennvieassndudludaninvays was usun (Citrus  aurantifolia Swing) ugn3m (Citrus

hystrix DC) 1unaanigemnanaainuuesuy Samiavays (SUf 2-1)



UM 21 shedniwaliildlunismaaes Teun didule thdududu ihduwuuniu dhduaeiis uae

uru wgngn Mlunaan

2.4 nswieuiegeitlglunisine
wmzuuazuzniaunAuen Mntunseslwaliudazeiianiedivniune udnihlunsesrese
o v ¢ ° w 9 a o !
\nsesgeanaIne Iaglinseany Whatman wes 1 uasihdegrnimaliiluifiui 4 ssmwa@easuninog

i lunaasugndniedanm

v v v v v
o v o

3UN 2-2 dhedradwalinldlunismaaes n) shdule v) thuzumn a) duznga 1) diduaioiiis 9) dids

LUUAISY R) YduIuTy 100%
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2.5 nMsmvBinassysznaufiusaranun (Sadeyr ysyly, 2552)
vimsaiunsmnasgiuresansazaisinsgiunsaunaan lnewnssuaisazatgnsaunadnluium

uaaﬁ'mwmﬁwﬁumm Faii 0.0625, 0.125, 0.25, 0.5, 1.0 uaz 2.0 Aaansuneiadans vinsnedaulasd

Wehndu 0.5 fladans wanfuasasarsnsawnadn u3e tnalifegnafinududusngsinng 125

lulasansluvasananaindnden wauliitndu udfvansazany Folin-Ciocalteu Usunns 125 lulasans

v g
a a o Y

anlianiu sanald 6 urd anduidy 7% ledsumsusiun (Na,CO,) USunns 1.25 faddns thudingu 1

[ 7 %
v a

fiadans touutsumsiidu 3 fiaddns deislifigauugiives Wunan 90 Wi anifuvhnssldly
vauvaslulasmanmauar 200 lulasdns Uilutarinisganduuasiirainuenadu 765 unlung dae
inavinrnisganduuauuulilasinan uansUinuasuszneuiiueaulugUiiadniuauyavesnsauna
an (gallic acid equivalent; GAE) siofiadansvanimaliiogne fuindSunaasussneuiiueasiuan

AUNTVRINTILNATHIUNTALNGEN AB Y = 0.1127x + 0.049 Heduuszdnsanduiudviniu 0.9982 wa

minaaesiilaianaduriads + andesvuinnsguvesnimaass 3 assnidudaszreny

2.6 mamuSunamalauesdiun (Fauyasinizuss Rao uazAne, 2010)
WinsadensminsgIuresansazas hesperidin lngwn3eyansazans hesperidin luwmiuead
AULTUTURIN) Faii 0.03125, 0.0625, 0.125, 0.25 waz 0.5 Tadansuseiiadans vinnrsveaaulaetiun
hesperidin %38 tnalifnogian 500 Lilasans waudu 5% lewdoululag (NaNO,)  U3u1ms 30
lulasans mafield 5-6 unii Wddu 10% svglitiounaslsn (ACL) Usuns 30 lulasdns maield 5 Wi
win 1 Tuans lewdsalensensles (NaOH) Usuas 200 Tulasans udrusuusinmstiidu 1 Sedans deh
ndunanlgn iy LLﬁaﬁﬂﬂi’ﬂﬂ'wmiﬂﬂﬂﬁuuaaﬁmmmaﬂ?{u 510 wiluwns Ysinuwarluseauanau
Hadnsuauyave hesperidin (hesperidin equivalent; HE) sefiadansvenimalifiedn murausinn
a15UszneunalIuBeATINIINANNITVBINTINUINSEIU hesperidine equivalent (HE) Ao Y = 0.0555x +
0.0404 fifnduszansanduiusiviiiy 0.9934 nansvaassitlduanaduriade + Andoauunasgiuyes

o TP Ve
ATNFADY 3 ATINUUDATEADNY
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2.7 mInaady DPPH scavenging activity n1135v93 Brand-Williams, Cuvelier ua Berset (1995)
\3euansazane 2,2-Diphenyl-1-picrylhdrazyl (OPPH) luiwmiuea finnududu 0.2 fadluand ¥
WawmnueauTigs 50 lulasdns wazansazats DPPH Y3uns 100 lulasansldluvau A veslulasinan
diuvau B Lauﬁgwalﬁmwmﬁwiuvmq*‘figmﬁuué’nmums&iaaﬁﬁnm Un nsziwz wazanld Usueg 50
lulasAns uavansazans DPPH USins 100 lulasdns wasvau C Winhualifidiunisdesiivan nssuwie
nagdld Amnandudusingg 50 lulasdns wasdinduusuing 100 lulasans maulddniudene 3
gamaiiviesluiiiaidunan 30 ui thluinrinisgandunasiirueneadu 517 uiluwns feedesine
nmsganaunaauululasiwan lnglddieviduasuinsgu vimsewalesidudnisidnayya DPPH

Nauns (1)

. A B
% Nsdneya DPPH = %—)]— x100 (1)

lnghl A fip AIN1IYANTULANTBIGNAIUANTIUSZNOUMBIUNIULS Uaza1sazany DPPH
B fle Ansgandunasvemquitszneumemaliiets uazaisazale DPPH

C Ao AMMsganduLasYvguivsEnaumetnaldfetne uazindy

2.8 NMINAHRYU Superoxide radical scavenging activity #u35789 Miyazaki wavauy (2004)
wiangunisveasadu 3 ngu Ao ngudl 1 1iu 50mM  sodium phosphate buffer (pH  8.24)
U3105 2.61 ml wmuea 0.3ml waz 3mM pyrogallol Tu 10mM HCL 0.09ml 31n5UTA Asys ﬂq'uﬁ' 2 (fiu
50mM sodium phosphate buffer (oH 8.24) U3uas 2.61 ml ansanafivasulwsiinnuidudusiieg 0.3ml
waz 3mM pyrogallol Tu 10mM HCL 0.09ml ndua Asps ﬂduﬁ 3 1§iu sodium phosphate buffer (pH
8.24) U3ums 2.70 ml dauaﬁ’mayulwaﬁmmv’ﬁwﬂ’umm 0.3ml 9NTUTA Agys MBS EUFNSITa
superoxide radicals 1nd@uN1s [1-((A2 - A3)/A1)] x 100 Tnefi A1 A Ass ‘uaqnejuﬁ 1 A2 A9 Asys 909

NAUY 2 Wag A3 AD Asys VDINFUN 3

2.9 N15YAHBU FRAP assay A135704 Benzie uag Strain (1996)
W38NAITaza FRAP reagent (10 mmol/L TPTZ (2,4,6-tripyridy-S-triazine solution 2.5 ml

aza1uly 40 mmol/L HCL + 20 mmol/L FeCly 2.5 ml + 0.3 mol/L acetate buffer, pH 3.6 25 ml)
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5 L 1 al' 0 5 ' £ ' a ’o’ a') v a o
ﬁ)’muumlﬂ’qum 37°C 9INUUKUIBEIIN 40 PL HuIndu 0.2 ml uaaiiu FRAP reagent 1.8 ml unly
Vo 0 - v o Y - - 1%
Uu# 37 C Wuan 10 ui wanhluinAnsgandunai 593 nm laeld 1 mmol/L FeSO, 1luans

Y < Y | da ¢ 3 2
1nsgu wanldwanaduusunavesansiegfiamnsaime Fe Tudu Fe”

2.10 n1391 in vitro digestion

luwmaniseaslunasannaes (in vitro digestion) Wun1sidsunuuaniiznisyeslussuugesaims
TRy IAUN NsENIza T wardld FEMldRauTawN1nIFYes Glahn war Van Campen (1997)
ua¥I3ves Laurent uazamy (2007) Insruaugamailieaiii 37°C wazivgnung masaan wulwisg
L9 pepsin (800-1000 U/mg protein), pancreatin (activity, 4x USP specifications) Wag bile extract
(glycine uag taurine conjugates ¥4 hydroxycholic acids and other bile salts) Usu pH T 4 e
IN HCl uag 0.05 fiaddns pepsin (25 Jadn3u/ldadans in 0.1N HCL, pHa) Qmﬁuaqlﬂsiaﬁﬁu 1 fiaddny
Unliunan 60 wnii wiesuduigilusmedt 55 seusiounit 37°C anduuiu pH Wiy 6 Tnemsiiu 1M
NaHCO; wag 0.25 1addns pancreatin-bile extract solution (2g/l pancreatin Uay 12¢/l bile extract Tu
0.1M NaHCO,) Qmﬁmimfwé’u 1 fadans Usu pH vindu 7 ¢ae 1IN NaOH udiideanssiesns 2:3 ¢ie
120mM NaCl/5mM KCl solution vaufjissniiunan 120 unii wiomwgnlagldamss 6 seudeud 7

0_ = o A o X . ° aa, o a 0 |
37 C Fusnziienansilaluduilin “digestate” Uhluimun3iasi 1200 rpm Wunan 15 uit 37°C AN

H a _a a 4 o O = i 0 U o a ¢
U1 0.5 fadans wuasluvau (well) wevihnisvaaesludusiely vSeifiui -80 C aunseishluviinses
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( e ' 'o’ vl v v ' a aa |
i GI'JE]Eﬂ\‘lUﬂNﬂ‘lﬁJﬂﬂ'}’luL‘UﬂJﬂUﬁ'N‘] 1 uaaans !

{

Wuansavawezluiad 6 faddns uaudu pH Ju
6.8 s 1IN HCLwhluwgnduan 1 $alus 7 37°C

udwildviines | (_ v o % vei .
i <1 afegnumalliidiunisgesiuin
fiadans ‘

USu pH 10U 3 - 4 Mg IN HCL WAuudy Usunms
5 fladdns wdnhlviwgndunan 1 $1lus 7t 37°C

3 | My o a r
Wudunladsuing . - . i
o | fredrsunaliiniunisdes |
2 ladang (
NNITENITDINT J
N B e

LU pancreatin/bile extract USu1as 3.25 Gaddns
nuUsuU pH u 7 M8 IN NaOH wdausu
Usumsilu 10 Sadnseay 120 fadluans NaCl / 5

fladluans KL luwgndunan 2 4alue 7 37°C

Auduilausums T wel » i w
n an ¢ ﬂ'lﬂﬂ'\\‘iﬂ'\ﬂﬁl&lﬂﬂ'\ﬂﬂ'ﬁﬂﬂﬂ
2 fiadans

P v
Narldian

JU# 2-3 FBnsdeslunasannassvenimalisnogne (Faudasen Petchlert, 2009)

2.11 MTUATIZINNEDR
uansfeyaiililuguAnedsrdrudsnvuinnsgureinmaasietration 3 adilifudasereiu

wazmsMAaBsaYAT 3 51 Auanm ICy, vesmstudilasnsiisisvituanasy ATUULANANVDIYA

Teyagniinsizsidie One-way ANOVA m135uae Duncan wag Tukey Tngl#lusunsu SPSS 1iesdu 17.0

#iP <005
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Uni 3
NaN1533¢
31 msmﬂ%mmmsﬂﬁxﬂauﬂuaamu

mMsmarsUsgnaviiueanuaniualinsygaduhs 6 vilalasldarududuil 100% Wiuns/
USuns) wui neugesiivTinuansuseneuiueasiueyluig 0.32+0.09 fia 0.90+0.04 fadnuauyansn
unadnsefiaddnsiaegns Faiegnaihdudutuiiuiinuasssnauitueasiugeiigaivindu 0.900.04
fladnsuauyansaunadndefiadansietnn vdwunsgasivnnuindudinaasusenaufiueasiuanaa
weglugae 0.04£0.00 f1 0.14+0.01 FadnFuauyansaunadndefiadansiaegns dafegrnhdududud
Usmauansuseneuitueasiugeiigawindu 0.14:0.01 fadnSuauyansaunadnsiedadansiiesne ity
msgouiinssmzamsiiviinumsusenoufiueasiueglutng 0.05:0.00 3 0.15+0.02 adniuauyansn
unadndefiadansiaegn  deiredahdududuivinumsusznouiiueasiugeiigawiniu 0.15£0.02
fadnsuauyansaunadnsiefiadansiiegne  uagndsrunstosfianldidniuiinuasusenaufiveasu
anasneylugig 0.02+0.00 f1 0.04+0.00 Hadniuauyansaunadnseiladansiien (Uil 3-2) N

Usunmansuszneuiiueasiuvenidudialdninnsimunsgiuvesaisazatensaunadn (Jui 3-1)

aunsidunsanlafe y = 2.1927x + 0.0948 wazgmduuseansanduiusiviniu 0.9993

25 A
S 24

E

S 15 -

3

LA y = 2.192x + 0.094

3 05 1 R? = 0.999

1G

<

Vg, 0 T T e
<

£ 0 0.5 1 1.5

a a v 1 a aa
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1 9 *
i
& 0> ¢y -
S duLIuASY
a8 ) .
s c | 5 Jhduanouiia
Z ‘T 0.7
= < Y
= % ydule
a i
g E 0.6 A )
§ & 05 - . # hdututy
&3 04 Umznga
S & .
e > . (4 v
2 qg 0.3 UuzuNm
a .
e
a
wr 0.1 A
== |
O -
' 1 o v o
NousDy N NITLNWITDINNT mlﬁtaﬂ
an1EN1I8RY IS

JUT 3-2 AmuansUSinaansusenauiusaiunIsuiisunsuwazudgey

- @

MEWE %, A, #, @ uansfisnnuuananvesralifegusazeialuusazannenistesegalivedAgy

NNaf@ (P<0.05)

3.2 nsuvsuiunanliusefnsau
¢ 4 v v o = 1] v v o
nsmasuseneuratlivesasInInumaldnszgaduia 6 vila lagldaaudutun 100%
(U3ums/J3uas) wudn neudeeiivinmansuszneuratliusensineglugie 2.38+0.10 Gia 9.8+0.82

a a v aa I a aa LY ' Y ' ‘oj e (3 >
ladnduanyaeainesnuneladinifiegn Fainegnuuengalivsinaaisuseneunailiusensiugvian

winflu 9.8+0.82 fladnTuauyaisaineinuseliadinsmegna wdsihumsgesiunnuiniivine
arsUszneuvlaliuesnTInanaeyluyi 0.86+0.00 §4 1.57+0.04 fadnSuauyaigaiweiiuneliadans
fhege GaseghahuengaiiuTinuansusyney Wahueessiugeaiaailaiisuiufetiedun Jelliios
1.57+0.04 fadnSuauyalsainesausediaddnsdiedne  wdwiunisgesiinszinizemisiiviunm
arsUsznaurialiussaTinegluyae 0.95+0.01 i 1.61+0.09 fadniuauya ieauwesAusiafiadansiiogn
%aﬁaaéwaﬁmsngmﬁﬂ%mmaTﬁUszﬂaUWmhuaaﬁs’mumﬁqﬂLi‘jmﬁauﬁ’uﬁuasjw%‘uﬂ Failifioaun

1.61+0.09 fladnuauyaisaine3ausoliadanssiaene uasndwumstasnaldianiivsunuansussnoun

abuseATanasnegluyig 1.01+0.04 fiv 1.18+0.05 JadnSuauyaigainesiusefiadansiiogna (UM
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3-4) mamuiinuasUseneunathiuseanuvendusiwmalinan inesgreansaratsdwe Sy

(Ut 3-3) aumsidunsaitld@e y = 0.113x - 0.0296 wazAduseAvsanduiusiviniy 0.9952

. o
= 18 n
=
=
=
—
(o
= 1 A
(=]
i
il y = 0.113x - 0.029
k
% 05 A Rz = 0.995
&
&?
S
&
£ 0 ; ; .
0 o 5 10 15
ANULVUYUYDIATTALAULTALWDIAU (HANIUADUAAARNT)

JUT 4-3 nsmuasgiuvesansazatseameiiulumsmudnnuasusenounailiusunsinvesiaoginad

v
walilunsegadu
12 A
— *
g 7
(G; e HEY a
S 8 10 A UNANRIUANSY
adiEicN
g Z Yo v ¥
3—3 & B Jrduaneniiia
:Te «(C 8 N Y
£ 3 # 1hdule
e s
& s A
iUty
& = ¥
2 | Y
S B UnIn
T i ¥
g & 4 W yzum
= ©
[} 3
z 3
2& 2
("
=R
O o |
nauLal Un NILWILDIMNS aldan
ANNENSYBEDINIT

U 3-0 YSinmansyszneurailiuesasiudSsuiisunsutazvasden

o

* A # e, L o, O uanstasmuuanansvesiwalifegausasyinluudazaniiznisgesegaiitoddny

Naf@ (P<0.05)

3.3 gnoMsiNInayya DPPH

mMvaaeugnslunismidneuya DPPH e maliusiazelianeunisgasamsnui vimaldvn
yinilgvslumsmidneyya DPPH uasllendariunatosawmslunasanaasuihnalivnedaidnaignsly

nsidneyya DPPH wideey lasmududuvesiuenin uzun dule wasihdududuininsdnwaset
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. W .3
o < o

Tu129 0.3125 G 10% (U3uns/J3u1ms) dauanududureniduuuuniuasiduansided
vhmsfinmazeglutae 10 s 100 % (USinns/U3ums) Faqrslunisidneyya DPPH vasthnaliifiedis
neudesawsiignslumsmdneyya DPPH Mdutusuaandudu Tnewuin hugnganounsteniigns
lunshdneyya DPPH anniian (84.34%) Waiisuiusednedug uasidetdegraniualiuiunmsden

ownsluhnuagnszmizemnsluudmuin guslumsidneyya DPPH vesimaldfetalauniwsiuuda

figndiiugeluannnaumsees udlerunisgesiidldidniuudindunuin gvslunisidneyya DPPH il

=

naiiinfulazanas  Jainedenligusiiniu Ae uinzun vuziidegeiignianas laun ihdududu

Qe

oe

v
v

Uduununsy ihduaeuils didule uasihuengn lnedwsuniignslunisiidneyya DPPH wndige
(42.93%) Wawisunusiog19dus nasunseoy sesanfe Mduuuuansu ddududy dhduareuiia

undulauaginugngn uay (3UA 3-6 fa 3-11)

60 -

20 1 y = 894.9x + 15.16

R? = 0.981

40 -

30 7

wWasidusnisindnayya DPPH

O T T T T T T i

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

AMududuves BHT @adnTureliadans)

U7 3-5 Wasigusinsfdneyya DPPH vaslieil
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120 -
100 -
a
& 80
a
&, T
3 nouysy
S 60
&
@ & Jn
*
e
g 40 B nssinirems
X B 511460
20
0
10 20 40 60 80 100
AMuTNdurashduuIUAITY %(USunsaausinng)
i I o @ 3 2/ a
JUT 3-6 Weddunn1sindneyya DPPH veathdiuunisu
100 -
T
a
a
)
[«
=2°
2 | faugsy
e
o # Un
=
s B nszinizams
. 3 oy s
B aldéEn

10 20 40 60 80 100

¥ r ¥ .
ANMUITNTUYaRdNaIEUIN % (USunasdaUsuIng)

UM 3-7 Wesiudnisidneyya DPPH vanduansiiiis




80 -
70
60 T & nouvse
T
a | 4
& 50
G
gi‘ a0 - 8 nsziwizems
(o]
)C'Z oMy &
2 3 B lddGn
—
e
=
$ 20
10 1
0 4
0.3125 0.625 1.25 25 5 10
10 -
anudutuveaiduls %(Usuinsaadiuing)
a § I3 o @ ‘o’
JUN 3-8 Wesigusin1sindneyya DPPH vaendule
80 -
T
Q.
Q.
o
(GP
§— H noutoe
&
S ~
© # an
G
< B nyvimnzoms
S B A1ldan

03125 0.625 1.25 25 5 10

ANudutuvanduTuTY %(Usunsaausuing)

U7 3-9 Wesiudnisidnoyya DPPH vandududy




ya DPPH

ndnay

% N3

\O
(&)

o]
(@)

=y
o

(o)
o

w
[e]

=Y
o

W
(@]

N
o

10

-10

0.3125

0.625 1.25 2.5 5

ANUITNTUYRNNENGA % (UTINaTAaUEuIRs)

10

# nauysy
“Un
H nyzinizaIms

® 51lEdn

JU7 3-10 Wesiusnsmdnoyya DPPH veethuzngn

Mdnayya DPPH

%N13

90

80

70

Ln
o

5N
o

W
o

N
o

—
o

0.3125 0.625

1.25 25 5 10

ANMUTNTUVDIUIUTUID % (USnasaauunas)

B nougsy
HUn
B nszinizems

| anldén

JUA 3-11 Lﬂa'i‘l,%ue?msﬁﬁmawa DPPH 989t1usuN
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3.4 gnsn1sidnayyayasoanlen

nMIvedeugnsluntsidneyyagesesnlys venhualiwiazyia wuinimalinnvieignsiu

v ]
o

nsfidneyyageisenles lasamududureniuengn uzun wasidunduduivhmsdnwazegluta

v
o v

ot 2 & v v 5 v a Y 5 & o o = )
03125 i1 10 Wesidus drumududursahduuuuaiiu iduasdiis uagihduledivihnsfnuazey
Tuga9 10 9 100 wWaesidus laewuignslunisiidneyyagileiesnlyd  vesdmaliifmedieiiniiy

asamdsslulumadeanu fie dgnslunisidneyyagiedosnled nduidionmiduduiiniu lngdrdu

v
iuduzdigrslumsidneyyagiesesnled gafign sesasn fie wuznga uhuzun ihdule diduany
U1 uasnduLuuA3Y AUERU (13197 3-1 waz 3-2 wasgun 3-12 fa 3-14) BaAn ICso vauthdududy

v
o v

fifwiniu 0.25 wWasidus @ ICs, vaniuznin Wuzu Widile uiduaeuis uagthduuiuniu i
AU 1.96, 4.94, 40.27, 57.76 wag 80.50 wWasidus auaeu (m15199 3-3) lusueiiansanseusyya
faszumsguliond fifn 1Cs Wit 323.09 lulasnsumefiadans (13199 3-5 uazgun 3-15)

o s & & o w s ¢ H H A
AN 3-1 Lﬂailﬂjumm'imﬁlﬂalgyjaﬁl,ﬂaiaaﬂ‘lﬁﬂwadumzﬂgm UIULUTT LAZUIAULVUVU

ANULNTUYDIENT wWesidusmsidneyyageioanlen
(Wasius) Alugngn thagun thdududy
0.3125 26.47+12.82 A3IThINY 56.85+14.36
0.625 37.47+9.99 8.70+11.94 59.12+14.26
1.25 47.93+7.76 16.81+12.15 67.47+13.96
25 65.01+4.28 35.88+11.64 76.18+21.38
5 19.33+1 .52 62.42+8.99 80.29+20.87
10 97.23+0.14 83.92+4.46 99.70+24.04

U d U CII 1 o :
VUL - ﬁagauamtﬂummaa = ANLUBILUUUIATFIUTBINTITVINA DY IRATNITNARBIVT 391

v

o ¢ ¢ o w ¢ o v a 5 v =1 5 v
A3 3-2 Wasiduinsidneyyagiesesnles iiduuuumiu diduanediis uasidule

ANAUTNTUYBIANS Wesiguansidneyyaguesoanlen
(Wosigus) vhdule vhduuuandy vhduanonis
10 23.60+13.34 ATI9lNY A3I9LINY
20 39.23+9.39 ATITINY 14.30+4.18
40 49.50+18.91 21.74+2.02 41.93+3.73
60 68.05+13.10 36.43+0.68 55.18+4.50
80 73.61+12.12 50.43+3.53 67.21+5.25
100 88.53+6.72 62.20+4.22 80.16+3.95
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AT 3-3 A1 ICs, Nsidneyyagleseenlenvenimalimeyns

A ICso BaINSANIneYagasaanlen

FY Fd g
(Wasiaun)

dhdudud 0.25+6.41
Lfmxﬂgﬂ 1.96+1.74
dhazum 4.94+1.06
vdule 40.27+12.51
dduanenie 57.76+4.77
Yhduusuen3u 80.79+8.34
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d1innaaNn UNNINYIRBYINT
AU 8.43la9 3.9aY3 20131

100.0 y = 0.679x + 21.92
v

. i y = 0.780x + 4.661
§3 R? = 0.964 B awuids
@ &
& B 600
£ :
- o : = 0.676x - 4.684 s
EH 400 J X A uuumsu
= B : Rz = 0.997
: -
w 2
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]
=
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AN TUYDIANT wWesiuimsmdneyyagioseanlys
(Llpsnsusefiadans) Uiowii
50 AIvliny
100 8.27+2.26
150 29.32+6.97
200 43.39+13.34
500 71.66+5.28

5197 3-5 1 IC, Marndnouuagilasoenladvasmsavanesatationd

AN 1Cso VOIMIMANBYLagIUaseanlen
(lulasniusiefiaddns)
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4

3.5 N1SNAFDUAIINEINITOIINITIAIDY
INMIedauAuaNIsalun1ssmgesiiegamaliioutssuasndiumseey (3UN 3-17

= v v v H Y S v v v do o '
fi4 3-22) Wanudndureniugnga e dule wasthdududuiminisanwavegluiig 0.3125%-10%

v
< « o

(USuasnau3uing) ahummL?Tu‘ﬁwmifﬁmmum%uuazﬁwé’umaﬁwmwmmsﬁﬂmwazﬂ,u‘d’.m 10 fi
100 % (U31nns/U5u1m3) Tnewuinanuannsalunisimdvenimaliifnegunesunistosiimnuaenndas
Wlhimnadertu Ae aruannsalumsimdiutumuamiududu fsdammansalumsimdeglutia
0.1046 #10.0091 fadluarineiiadansiete umilodiunistesormsluudazanneudindunuin
avannselunsTdvennalifeswanasegaiulddnunis 90 e 95% lnsthduanohiefinan
Wty 10 % (U3nes/U3nms) wasunsgesTialddnwudn fidn FRAP value gefigaulaifisuiusetng
Suqdaiiifine 0.0022+0.00 fadluansreiadansietne sevawunie ihduuuuniu tdmdudu dhusun
vhdule LLamfmxﬂgm Aeududu 10% (Usuns/usunng) Geilen FRAP value fidlerinunistosfianldidn
u&mdeagiies 0.0013, -0.0042, -0.0051, -0.0054 way-0.0061 fiadluasseiiadansietn audwiu da
Auansolumsimdvesiegwannsosnnldnnnsminasguvearesiadamn (Ui 3-16) lag

AUNSIEAURSINLA Ay = 8.011x + 0.052 LarAduUseansandunusivinnu 0.981
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uni 4
aAUT wazaTUHaNISVINABY

4.1 9AUS18NANISNNADY

s v

Tumsinwildinhnalinssgaduduaguiisennieasmaudludimiosauiin ¢ vinfe thiu
wauenFy dduaneunis thédudutu ddule wasiualiiandn 2 winfio uznga uzun MnAmIAMLBIIY
Fadamay tavhmsduilagliveniden wdniviediets 6 wlauminsvaaeugvslumsiueyya
Sasyvaneunazndsdeslunasavaass lagvinsifiuiedsiiiiunisgosiideutuuannizvestin
NIgWIzes wasdldidn unsiadau3inaansusenauiiueaiu uazUSunaarsvailiuesdsiy udids
naaougslunisiueyyadase 2 35 Ae mamdnoyya DPPH Awamsnlunis3ig wazvih wui
fegrnimaliv 6 slindhiwvadeuneukiuntssesduifmuniignisueyyadase uasiluium
asUsznevitusauazansusznaunalusedliussduszney usidlorunisgesiivin nsswizems waz
Slddn wundansignsiueyyadassimdesy uasiiviinamsyszneufiusauazarsusznounailuoss
WussAuszney

asUsznevitusaliuansiusyyadassdmaniiilassairimanysynausherteslsunin (Aromatic
ring) unuiishomylensenda Tnefinrmannsalunislilalasiauoznon v‘fﬂﬁﬁqw%{lumsﬁmawa (lann

1%

TosAUR uavame, 2550) ansusznoviuedniinalnalunissuayyadasslovatednume laun awnse
M40 reactive species #1137 lagnse 1wy ayyalensenda suyaguileseanlydueulossu lulnsiau
panlen anunsaveaujisengnlgvesnsiindiinesoandindu lnefdneyyaimessend (Chain-breaking
peroxyl radical scavenger) uay a1sUszneuiiuednaninsa AasloseuvedlavefidusinisdAyveinis
sefiseuruiunasuiiseenveshd lumsaieeyyaddueg (Hallivell and Gutteridge, 2007)

Wahussdduasngulvgluansussneufiusainuldvirlulunndruvesiin Fasawedauduans
lungualaussdiinunnlunalinszgady Faduasiuouyadasimuinnlubeuazidenisgnuanld
Wuasasaeasgpuisuidisulumsmnuiinaahussdmuvesedinhualive 6 via (5ls i
ey uazevinensel Asyns, 2554)

Nnwan1snaasenuddinalilunsegadundiiunisdesiiviutuaisysenavilueauay

a1susznauvianliuesdanas Fo1vaziinannsivdsuulasves pH gumvgll way 3nMsuUARseIves
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uleineg lussuumaiuemsifunaliusinauasysznevueauaransusenaunailiuseanaanis
gosanal (Tagliazucchi et al., 2009) AINNSBUINNNTLUIUNITHIALLDS L5 awﬁdmﬁﬂﬁmsaaﬂqw‘émc
Fnmueeasusenauiuea wazaisuseneunalliusenanas (Agcam, Akyildiz and Akdemir, 2014) uag
9109348 Soto, Barbera'n and Conesa (2007) wuiianstnditusaiienilasoaniizanudusings 3
unazidullinanizanududiludldidnensdmalilasadimaaiivesarsindiusaiinnis
Wasuwadluilumalau (chalcone) elassadillalaifid vinlilumsnsiaiauiinuvesasusznevituea
wagwabussiivmaiifluiwalinsenaduseismainneinuinuvesasussnoulfiosas

NNHaNIIVAEBUUTINAmseangMENE M wiiTuTnanas §iTedslivinnnsvaasusieliieg
naveINSERTEIMMIHBVSIUNIFLBYYABaszrasheE kAl esnarslunduindueaduiionsly
mMsiusyyadase Tneveasugnilunisiidneyya DPPH wazamannsalunsimdvesansiueyya
Sasy Faldnadelyil

gvislunisidneyya DPPH wanimaliifohauusiunssiummnduduvessotsiinaaeuaniou
uazudsnstes Meganaliiiounstasomaiiothuyihmavaasuwuin thugngaiiqnilunisidn
oA DPPH guvign se9aun Ao thurum thiile thdumdudu thdumniu uazthduanedhils iesn
é’nwmz‘uaqﬁwzngmLLa::ugmzm'JLﬂuﬁwwalﬁﬁégummﬂwaamﬁqﬁﬂﬁﬁqwé'lumiﬁﬁﬂawa DPPH Qaﬂ’h‘lfﬂ
waliifedrauiindu insrzgaulushey dluused Iniiud Ian wasarsuszneuiiuealifldgnyansluly
fumpuniswdniitonuenenamileumesahralidniagy Beh et al, 2012) diembmalivhegly

HIUN5ERERMITNN 3 an1isuaimuindaiuvimsiseuifisuiusmegensudey Unaldimeeieiigns

9 o

Tumsindmeysa DPPH uusesnidu 2 ngqu fie nquiilignslunisidneyya DPPH anawvdsges laun 1

v

uzngn Urdule uiduiuuaisu nduarguiis wastindududu uazng

quifignilunisiidmeuya DPPH
inTundages 1ud tdausum mwal:umamﬂ,unamsnmqws’lumsnwmauma DPPH amas 30 fia 40%

wazlungui 2 dgvsinudu 60% lnesegimalinlignsvdsiumsgesuiniiande Uuzun (42.93%)

\WaaniinsAnwwunuiuzunisuaniugaulusmeiniiug uaxmsﬂsxnauﬂuaa%&ﬁqw%’tumsﬁw

9

ayuadase (Hoyle and Santos, 2010) ‘Vlﬂﬂ’Jﬁu’IJJ“’U’YJ‘VIN’IUﬂTiwa’laL‘ﬂE)li 1UYAUYDIRAA

1v

(Tomczak, 2007) Tuvgiidegaimalimignslumsidaeyyaiioniunisgesiuinuainuingnslunis

muayyadasziiugeiudunaunanlelawanliu (soflavones) filluhualiiFsazeglusuansuszneulnala
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lesignudeuluiiueslnalau tielsrimeannsoiluldusslomils (ypfien Jse¥suts uas 53390 Ui
pUAIIA. 2558) uaziileriunsgesfinszimizemsnuitaninaudunsaveanisgosemislugag
nszineviligmslunsiusyyadassifingstu (Tarko et al, 2009) usinduamaailesiunistasiianiy
anlddniin1sAn®sves Soto, Barbera'n and Conesa (2007) wuinAuawivesansusenaulnaiuealy
chokeberry (Aronia melanocarpa) \leiunszuunislunsiasinisgesannefial@dnlnensinin
USinves total recovered phenolics wdannEunsyuIun1sEasTianldudr wuirdiuuseneuvesans
ponqVIvIdInIm arswmariiinisdsunamdinndunssuiunsnszuaunisdesiidildinegned
Yodndy Seaenndasiunis@neiisituunit dietary polyphenols faanulagssengsssaudludldian
LLazﬁmdaumaamsﬂsznauméwﬁmmsmﬁ?iaulﬂLﬂugﬂLLUUTﬂNa%N'lmJViﬁwasiaﬂmauﬁ’ﬁmamﬁ WaTHA
roufasramsnluldldmedanm wazqriviedviven (Gugms quailad, 2550) dalufograimalsiiis
ristitudunannannislimnudeulumamaneslsddmalilnsaivussaswuoyyedassdsundas
Wanidy v liansiueyyadaseiimnunmusie pH  dsunlassenininisgesluaniizanldunnny
frothaimalivindu (Casals and Zevallos, 2004) iunavhliimalsiusiiadoniifugedu
\lesnneyyagUiveieenlediduouyaidunanassldannisldeendiaulunssuiunsiuunued
%1 (metabolism) s1e9) veawadiintunasnnailusiinie uenanitasuandswndounsuen tdun $9d
g3 Atuyns atunnvielewdesoous Ssannsamisnhliinisnemveseyyadassiuiudie Ssayya
gueaseenledinduarseandladussgs Aanmdesls aunsadviufisofuarsiluanasiien fieg
soute wardsdamaliAnanudemsudesdssneusineg veawadnielusiane (Haliwell, 1999) fau
Aiviadeniaznnasugrisnueyyaguieseenlarandogainalinssgaduria 6 win msvaasugns
Tunsidneyyaguiasesnladluujise pyrogallol vsidsuiu pupurogalin 3Inmseendladlag
suyagUwaseenlus pupurogallin iuansiidduseu annsagandunasgegai 325 uilulums msman
syyagUiaseanles duavinlivgaujisen pyrogallol TUilu pupurogallin (Tagliazucchi, 2009) e

v
o v v v

qn A9 UnduLtudu

d

Wisuiisusgnineiegihimmaaoy wumwﬂumsmmauuawLﬂasaarﬂﬁj 7
Failen IG5 = 0.25 Wodduduinsseusung eglsfmusmegmnuiiafithumaaouiigimdneyua

gUilaseanleanininansiSeuiioulioud dadien ICs, windu 322,63 lulasnsuseiiaddns Wevedau
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Armduus T eUSInaEnsUsEneuuean uazgvislunsiidneyyaguilesoanled wuindauduwus
fupgrafitudditydl p-value < 0.05

PARANTVIAARIANNEINNTElUNNTIAIgYesansiuayyadasy (Ferric reducing antioxidant
power assay) ﬁ]1ﬂmswmaaaﬁwudﬂmmmmm’iums‘%ﬁ'gsésuaamsﬁﬂuawaﬁaiz‘uawgwalﬁmzQaé’mr{au
msgosiiamannsolunsimdiutusuainududu wideihunsdesisluanmsresin nsenie
91m3 wazdldidnudrnruannsalunisimdnduanas 70-90% awisuiunounistes feograinalii
fimnuanunsalunisiaisunniigandsrinunisges A ihdududu Adsianfies 0.0828 fiadluanive
fladdnsiogne nsanaswenuannsalumsimdiinnniloasseneuiiusaduiussdusznaundn
maamsaanqw%‘ma%amw'lmf’lNalﬁshum'ssiaa'lwaaﬂmaaqﬁﬁt,auhﬂsmq onaluAsuuyasgiuuy
Tassaraliuandsluannidu vlilassadavesanseangrimsinmluhualifiauandsinuaii
Waguuvasly (Bhatt and Patel, 2013)

faudiannismeassisiuldimsgesomsiinavilfanseengnivnedinimuazgniluniséu
ouyadasyronimalifedianas sghdlsimanbualiivaiissndignlunisiusymsassaundont
e Fandnliidmaldivaiiivsslenideduilnamseilosdussnouvesindituea nquwaliuesduas
nsafiuedn fudiIndAusalidaiiuarsermsnumanlnvuinsiessnlilindulaensmdelidy

) v a @ P a a ' l v ' o ' a v ' P
a'ﬁ‘lﬂEJIVYLﬂﬂWﬁ\N']uLWJJE]U')V]'UJULL&SLlﬁﬁ'W] LLWa']iﬁNﬂa']'JﬁJUV]U']V]‘LUH'liaQLaiuq‘ﬂﬂ']'wm']umq\ﬁ‘] (343

Fuusevululsunurinewinzwazidulsyan

4.2 a3Unan15IdY

USinaansesngnindinimluniseassfe arsusenavituea uazaisuszneunanliussdi
USunmanad lumssiinainnisildsuudasves pH gaumnll uas touledsineg lussuumaduems
AuSauIINNITUIUMIMARslsd wazanannzaudusmsludldhlnaanswdsuwadassadnamns
Wil vhliUSinawesansuseneumaniianad

grsnsiImmvesasiueyyadasslumegawalilunsepaduiviananasuasiiuduunansinaiy

TUmurtinveswalyl satrasaailunauiainmsuldesumlas pH wldsulifduadanisuldounilas
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Abstract:

Citrus juices are the most popular fruits and juices
widely consumed around the world. Citrus belongs to
Rutaceae family that is cultivated in the tropical zone of
Southeast Asia. Our current life style has encountered
with free radicals and toxic metabolites in our body. Free
radicals have been reported to be responsible for several
diseases. Citrus juices contain biologically active
compounds which possess antioxidant activity. They are
essential components of functional food. Hence, the
objective of this study was to determine the total phenolic
content, total flavonoid content and the antioxidant
activity of six citrus juices obtained from the
supermarket in Chon Buri Province, Thailand: lime,
leech lime, mandarin, tangerine, pomelo and orange juice
concentrate. Antioxidant activity was measured by using
DPPH and superoxide radical scavenging methods.
Among the juices, lime juice had the highest content of
total phenolic and total flavonoid (10.75+0.01mg gallic
acid equivalent (GAE)/g sample and 34.18%9.69 mg
hesperidin equivalent respectively/g sample). Leech lime
juice had the greatest scavenging activity on DPPH
radical (ICs;= 2.21+0.81% (v/v)) whereas orange juice
concentrate had the highest inhibitory effect against
superoxide radical (ICs= 0.25+6.41% (v/v)). In addition,
a correlation between the total phenolic contents and
superoxide radical scavenging activity was observed with
the correlation coefficient by 0.9854. The results revealed
that phytochemicals from citrus juices might be used as a
good source of natural antioxidant compounds.

1. Introduction

In recent years, clinical trials and epidemiological
studies have established an inverse correlation between
the intake of fruits and vegetables and the occurrence
of chronic diseases, the most prevalent causes of death
in the world. This protective effect has been attributed
to the antioxidant properties, which coordinate and
balance the body system to protect tissues and fluids
from damage by reactive species or free radicals [1].

Citrus fruits (Rutaceae family) are an important
source of antioxidants such as ascorbic acid,
carotenoids,  flavonoids, and other  phenolic
compounds, and also some essential minerals for
human nutrition. In Asian countries, citrus fruits, such
as lime (Citrus microcarpa and Citrus aurantifolia),
lemon (Citrus limon), and pomelo (Citrus grandis) are

widely available and regularly consumed as whole
fruits or fruit juices and preserved snacks. Among the
phenolic compounds, flavanones are the major group
found in citrus [2]. Various studies have shown that
intake of flavonones is associated with reduced risk of
developing coronary heart disease, degenerative
diseases and anti-carcinogenicity because of their anti-
lipid peroxidation [3-4].

The objective of the present study was to determine
the total phenolic content, total flavonoid content and
the antioxidant activity of six citrus juices obtained
from the supermarket in Chon Buri, Thailand: lime,
leech lime, mandarin, tangerine, pomelo and orange
juice concentrate. Such activity was performed using
DPPH and superoxide radical scavenging activity.

2. Materials and Methods

2.1 Sample Preparation

Pomelo juice (Citrus maxima (Burm.)), tangerine
juice (Citrus reticulata Blanco), mandarin juice
(Citrus reticulata) and orange juice concentrate were
purchased from supermarkets in Chon Buri province.
Lime juice (Citrus aurantifolia Swing.) and leech lime
juice (Citrus hystrix DC) were obtained from local
market at Chon Buri province. All juices were filtered
through Whatman No.1 (Figure 1). Then, the juices
were kept at 4°C until use.

Figure 1. Samples of citrus fruit juice: (from left to
right hand) pomelo, lime, leech lime, tangerine,
mandarin juices and orange juice concentrate.

2.2 Total Phenolic Content

The phenolic content was determined using Folin-
Ciocalteu as reactive reagent. The absorbance of the
sample was determined by a spectrophotometer at
765nm after it was incubated for 2h at room
temperature. The average of triplicate measurements
was used to calculate the phenolic content as mg gallic



acid equivalents (GAE)/ml samples. Gallic acid was
used for the preparation of standard curve.

2.3 Total Flavonoid Content

The flavonoid content was measured by a modified
aluminium chloride colorimetric method. The
absorbance was measured at 510nm. The measurement
was compared with a standard curve of hesperidin
solutions and expressed as mg hesperidin equivalent;
HE per ml sample.

2.4 DPPH Radical Scavenging Assay

The ability of citrus juices to scavenge
commercially available and stable free radical DPPH
was performed as the protocol mentioned by Aquino et
al. [5]. Briefly, 0.2mM 2,2-diphenyl-1-picrylhdrazyl
(DPPH) in methanol was prepared and each juice was
adjusted to different concentrations. The solution was
divided into 3 groups; group A: DPPH in methanol,
group B: citrus juice and DPPH, and group C: citrus
juice and distilled water. Then, all solutions were
incubated at room temperature and avoided from light
for 30min. the absorbance was measured at 517 nm
using a microplate spectrophotometer (VERSA max
Microplate reader, CA). The positive controls were
BHT and ascorbic acid. The antioxidant capacity was
expressed as %DPPH scavenging activity that
calculated by [A-(B-C)]/A x100 where: A = the As};
of DPPH in methanol, B = As;; of DPPH and sample,
C = A7 of sample and distilled water.

2.5 Superoxide Scavenging Activity

The superoxide anion scavenging activity was
carried out by the method described by Beissenhirtz et
al. [6] and it is based on the reduction of cytochrome c.
One ml of the extract was mixed with 1 ml of the
solution containing 0.07 units per ml of xanthine
oxidase, xanthine (c = 100 pmol/l), and cytochrome c¢
(c = 50 pmol/l). After incubation at 20°C for 3 min,
the absorbance at 550 nm was determined. All tests
were performed in triplicate. The superoxide anion
scavenging activity was calculated as follows:
Scavenging activity (%) = [(Ao — A1)/A,] x100 where:

A, = absorbance of the control (without the sample)
and A, = absorbance of the mixture containing the
sample.

2.6 Statistical Analysis

The data were expressed as means + standard
deviations (SD) of three replicate determinations and
then analyzed by SPSS 11.5 for window. One way
analysis of variance (ANOVA) and the Turkey’s test
were used to determine the differences among means.
P values < 0.05 were regarded to be significant.

3. Results and Discussion
Table 1 shows total phenolic and total flavonoid

contents. Lime juice, leech lime juice and orange juice
concentrate contained higher contents of phenolic
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compounds than pomelo, tangerine and mandarin
juices. A wide variation in the levels of polyphenols
and flavonoids was observed in the analysis. The
lowest level was observed in the mandarin juice
(5.71£0.01mg GAE/ml) and the highest in the lime
juice (10.75+0.01 mg GAE/ml) for total phenolic
content and the lowest level was observed in the
pomelo juice (0.84+0.13 mg HE/ml) and the highest in
the lime juice (34.1849.69 mg HE/ml) for total
flavonoid content. Although citrus juices are
recognized as providing an important source of
vitamin C and phenolic compounds for human
nutrition, there are other parts of the fruit which also
contain these bioactive ingredients. However, these
other parts of the fruit are not recognized in nutrition
because they are generally the inedible components.
Xu et al. [7] found that phenolic compounds
dominated total antioxidant capacity of citrus fruits.
Most phenolic compounds contained in citrus juices
were flavonoid glycosides including hesperidin,
narirutin, naringin, neohesperidin and phenolic acids
such as caffeic acid, p-coumaric acid, ferulic acid,
sinapic acid, protocatechuic acid, p-hydroxybenzoic
acid, and vanillic acid.

Table 1. Total phenolic. and flavonoid contents of
different citrus fruit juices.

Sample TPC TFC
mg GAE/ml mg HE/ml
Leech lime juice 10.63 = 0.00 29.27+731
Lime juice 10.75+ 0.01 34.18+£9.69
Pomelo juice 7.71 £0.00 0.84+.013
Mandarin juice 5.71+ 0.01 1.16+0.43
Tangerine juice 7.17 £0.00 1.43+0.05
Orange juice concentrate 10.57+£0.17 9.09 + 6.54

TPC = Total phenolic content, TFC = Total flavonoid
content, GAE = Gallic acid equivalent, HE =
Hesperidin equivalent

The antioxidant capacity of citrus fruits is an
important indicator of their in vitro potential as health
promoters. Several methods have been developed to
evaluate the antioxidant capacity of these fruits; for
instance, phenolics in fruits have been monitored
spectrophotometrically using the Folin—Ciocalteau
reagent. The antioxidant capacity by DPPH and
superoxide anion scavenging assays was selected to
determine the total antioxidant capacities of citrus fruit
juices. The results are shown in Tables 2-5.

Among the individual DPPH scavenging activity
detected in the citrus juices, Leech lime, lime and
pomelo juices exerted the most effective to scavenge
the free radical (ICsp =2.21 £ 0.81,5.63 £ 1.47,5.90 +
0.29 %v/v, respectively) (Table 4). This may be due to
its high contents of bioactive components. Flavanones
in citrus fruits were previously used as markers to
differentiate citrus varieties. The main flavanone
glycosides in oranges and mandarin species are
hesperidin and narirutin [8] that are able to act for this
inhibitory phenomenon.
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Table 2. % DPPH scavenging activity of different citrus fruit juices.

%DPPH scavenging activity

Concentration Orange
(% viv) Leech lime o Pomelo S Mandarin Tangerine
- Lime juice g juice : s o
juice juice juice juice
concentrate
0.3 18.10+6.03 12.96+2.99  13.05£296  23.07+6.12 - -
0.6 29.74£13.60  16.06+3.64 13.27:0.74  24.51£9.39 - -
1.25 41.17£1290  22.02+543  20.60+0.82 25.97+8.80 - -
2.5 54.25+1.66 32.9149.64  28.77£2.04  37.58+7.68 - -
5 87.77£5.97  49.25+18.85 4535£0.50 61.65+8.72 - -
10 93.68+0.69  78.52+10.90 76.04£297  72.40+4.41 35071185  39.84%3.75
20 - - - - 56.55+12.43  51.72+5.42
40 - - - - 72.97£16.98  64.80+8.90
60 - - - - 83.76+9.47 75.99+4 .42
80 - - - - 95.13£8.97 84.34+£9.78
100 - - - - 96.28+10.89  87.21+10.28

Table 3. % Superoxide scavenging activity of different citrus fruit juices.

% Superoxide scavenging activity

Concentration
% v/v Lee'ct.l lime Lime juice Orange juice Pomelo juice Ma-nflarm Ta{lg'erme
juice concentrate juice juice
0.3 26.47+12.82 ND 56.85+14.36 - - -
0.6 37.4749.99 8.70+11.94 59.12+14.26 - - -
1.25 47.93+7.76 16.81+12.15 67.47+13.96 - - -
2.5 65.01+4.28  35.88+11.64 76.18+21.38 - - -
3 79.33+1.52 62.42+8.99 80.29+20.87 - - -
10 97.23+0.14 83.92+4 46 99.70+24.04 23.60+13.34 ND ND
20 - - - 39.23+9.39 ND 14.30+4.18
40 - - - 49.50+18.91 21.74+2.02 41.93+3.73
60 - - - 68.05+13.10 36.43+0.68 55.18+4.50
80 - - - 73.61x12.12 50.43+3.53 67.21+5.25
100 - - - 88.53+6.72 62.20+4.22 80.16+3.95

ND = Not determined

Table 4. ICs, of DPPH scavenging effect of different
citrus fruit juices.

Table 5. ICso of superoxide scavenging effect of
different citrus fruit juices.

ICso 1Cso
Sample (%; vIv) Sample (%; vIv)

Leech lime juice 221+0381° Leech lime juice 1.96+1.74*

Lime juice 5.63+1.47° Lime juice 4.94+1.04°
Pomelo juice 5.90 + 0.29° Pomelo juice 40.27£12.51°
Mandarin juice 16.71 £ 9.60° Mandarin juice 80.79+8.34°
Tangerine juice 17.50 + 5.00° Tangerine juice 57.76x4.77°

Orange juice concentrate 4.95+0.61° Orange juice concentrate 0.25+6.41°

b significantly difference at P < 0.05 * % significantly difference at P < 0.05

Because superoxide is quite toxic, the alleviation
the toxicity by any compounds from edible plants is
very interesting challenge. The highest superoxide
radical scavenging activity of studied citrus juices was
observed in orange juice concentrate with ICs, =
0.25+6.41 %v/v following by leech lime and lime
Jjuices (ICsp = 1.96+1.74 and 4.94+1.04, respectively)
(Tables 3 and 5) as they were the most enriched in
polyphenolic compounds. Interestingly, the
correlations between antioxidant capacities and
bioactive compounds of commercial citrus juices were
observed (Figures 2A and 2B).

4. Conclusions

In conclusion, the antioxidant capacity of
commercial citrus juices from local supermarket
correlates both to phenolic and flavonoid constituents.
There is increasing interest in the potential health
benefits of natural antioxidants contained in this
commercial drinks but little is known about their
mechanism of actions. In this work, we have evaluated
the bioactive ingredients and their functional assays to
provide information on the antioxidant properties. We
show that experimental approaches could be
complementary for the screening of commercial citrus
juices that are good candidates for disease prevention.
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