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ABSTRACT

The aim of this study was to evaluating antioxidant activities of essential oil of
ginger (Zingiber officinale Roscoe.) by using DPPH (2,2-diphenyl-1-picrylhdrazyl) free
radical-scavenging activity, hydroxyl radical-scavenging activity, metal chelating
activity and reducing power activity. The antioxidant activities shown that essential
oil of ginger has the DPPH free radical-scavenging activity with the half maximal
inhibitory concentration (ICs) value was 7,870.56 mg/L compared with ICsy values of
standard ‘ascorbic ‘acid ‘and butylated hydroxytoluene (BHT) were 3,16 and 21.82
mg/L, repectively. In addition, the ginger essential oil has metal chelating activity with
ICs value was 365.68 me/L, while ethylenedinitrilotetraacetic acid (EDTA) as standard
has ICs value was 18.32 mg/L. The ginger essential oil has hydroxyl radical-
scavenging ‘activity increased concentration-dependently. Moreover, reducing power
ability of essential oil of ginger increased concentration-dependently.

Davallia sp. (ball fern) leaf kept in distilled water was divided into 5 stages
based on turning color from. green to yellow (stage 1, 0 percent of color change;
stage 2, 25 percent of color change; stage 3, 50 percent of color change; stage 4, 75
percent of color change; stage 5, 100 percent of color change;) to study biochemical
changes. Observations were recorded on changes in DPPH scavenging activity, lipid
peroxidation in terms of MDA content and photosynthetic pigment content. The
values of the half maximal inhibitory concentration of DPPH radical scavenging
activities (ICsp) of ball fern at stages 1-5 were 356.97, 44321, 886.35, 1028.32 and
1658.58 ppm, respectively. MDA content increased significantly after ball fern
reached the stage of 50 perncent of color change (stage 3). Chlorophyll a, b
decreased rapidly at stage of 75 perncent of color change (stage 4) whereas
carotenoid content decreased rapidly at stage of 100 perncent of color change (stage



5). Ball fern senescence may be the results of decrease in free radical scavenging
activity, occurrence of lipid peroxidatin and loss of chlorophyll and carotenoid
pigments.

To improve the vase life of ball fern by pulsing treatment with plant growth
regulators 6-benzyladenine (BA) and Kinetin was investigated. Ball fern was pulsed
with BA and kinetin at concentrations of 0, 50 and 100 ppm and then placed to
distilled water or BA or kinetin (10 and 20 ppm). Ball fern pulsed with BA 50 ppm and
then placed to distilled water had the longest vase life of 14.1 days while ball fern
pulsed with BA 100 ppm and then placed to distilled had vase life of 9.4 days.
Inversely, ball fern pulsed with Kinetin 50 and 100 ppm and then placed to distilled
water or lower concentration of kinetin had shorter vase life than control. This
experiment was also conducted to study the effect of kinetin and BA on biochemical
changes (chlorophyll a, chlorophyll b and carotenoid contents, ability of DPPH
scavenger and malondialdehyde content) of ball fern. Ball fern pulsed with kinetin
exhibited higher chlorophyll a, chlorophyll b and carotenoid contents, higher ability
of DPPH scavenger, lower malondialdehyde content, compare with control.

The effectiveness of the essential oil of ginger on prolonging vase life of ball
fern by pulsing treatment was determined. Ball fern pulsed with 0.00025% essential
oil of ginger for 6 hours and then placed to 0.0005% essential oil of ginger had the
longest vase life of 12.6 days with high rate of water uptake and low weight loss.
Moreover, ball fern pulsed with 0.005% essential oil of ginger for 6 hours and then
placed to distilled water had the vase life of 11.8 days compared to controls the
vase life 7.2 days. An experiment was also conducted to study the effect of essential
oil of ginger on biochemical changes of ball fern. Ball fern- pulsed with 0.00025%
essential oil of ginger for 6 hours and then placed to 0.0005% essential oil of ginger
exhibited higher chlorophyll a, chlorophyll b and carotenoid contents, higher ability
of DPPH scavenger, higher malondialdehyde content, compared with control. The
obtained results suggest the pulsing treatment with essential oil of gingercould
extend vase life and preserve quality of ball fern.l3u 1 us5%n

Keywords : fern, ginger essential oil, vase life, antioxidant activity
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naelsfladinelalnsiau Jafnldfluaneidunse uasvinldAnansilelniu (Pheophytin)
2) Msuaneenvemylriveadseziinaaslsilalas (chlorophylides)  iosanioulasinasls
Wawaa (chlorophyllase) 3) 3nUfjisesendiadu (Gossauer and Engel, 1996) lunana
mnmﬁmLLazmé‘aqL‘meszngmmiﬁlLLamﬁamsLﬁauamwmaﬂu



v Y
mMstitenanmMsTath Lummﬂ“l,ummimmuwu”l,mmu Unisemgeaniuld wazeivg
ﬁﬂmu'ﬂu"lmL'WinvuaﬂaﬂmuﬂmamuwLwaa'lum Wy Lﬂuaaauwiéu‘%aﬁwamau"lfdﬁmeiaawﬁ’a

Y
'

wadvilf pectin - nansunBudsgaduriath wieliwanarsdug Wy milulemsn a0n
ansuszneuamelUsiu  uaziouleiunvetne (u.alngas, 2527)
mww;msLﬁauﬂmw‘uaq‘luﬁnﬂizmwfiqﬁamsLﬁuﬁumaqaqgaé‘aiziuna:u
Reactive oxygen spcies #38 ROS (Prochazkova and Wilhelmovam, 2007) Lflunzju‘ﬁ'ﬁ
sendiuiiuesduszneuddy oyyadaseieglunduil lfun quiesoenled ueuloseu (O,
lansenda (OH) lelasiUasennda (HO,) Waseanda (RO,) Famenda (RO) AsusLun
(CO5 ) wazaiuaulaeanled (CO, ) ylwRundgytvanziaiunnniinufideneendindy
uagviliAnenudemeviemsianewadihlugnindesanin

2.3 UNUMIBIENTAIUANNSISLAU TR TR 9y
mimuqmmﬂﬁmLﬁu‘lmaﬂﬁ%ﬁﬁmﬁmﬁaﬁmmqms’h’fmummﬂaﬂiﬁagﬂunfﬁﬂm

Ialadiu (cytokinin lawa 6-benzylaminoadenine (BA), isopentyl adenosine (IPA) uag 6-
benzylamino-9-(2-tetrahydropyranyl-9-1-1-purine (PBA) LLGimiﬁﬁEm‘L‘l’fﬁ’umnﬁaﬂﬁa 6-
benzylammoademne LLavuﬂu'L‘nﬂUﬂanluwﬁluaLmsnmﬂaﬂma g nvay unaflede A1s
Lmju Lummﬂ ALnAe LLaviaia benzylaminoadenine uuwmﬂumiaummiﬁiwLawau
qumsﬂﬂm ammsammam syiunudiduesansauRumsiasaAula R g auiu
ms’l‘u\ﬂumunus“mnmmw gilnvespentll waginguszasvesnsidau msazaedlitn
LLﬁmuMiamsaumEm‘mUﬂﬁ‘smwamaﬂamuu benzylaminoadenine 34y 5-100 mg/L
LLazmsasmaﬁ‘l%’t,w“lﬂuﬁ’wuﬂanLLﬁﬁNnmﬁ"'uq i1 benzylaminoadenine (a4 100 me/L
(aem, 2541; v.AigAs wasme, 2545) msldensnugumsesyivinyosiiungylalnle
Tululidaludwariilililuiognsldoudsdy - Tnelolalaiussasnsidenanmilsens
SnuszAunsduangienfioueuasiusiuliasedlduu. paenautisvzaemsaansfve
Aavlsias (Gan and Amasuno, 1996)

2.4 Bauazsuvoussmeande

U3 (Zingiber officinale Roscoe) naeluid Zingiberaceae fidoansly Ginger ¥y
fivdugn fndlsfu wWienuendithmaunuvies Welufuiaiinduveane luntdad
5ﬁﬁuwama'l,waa;iﬂismm 1-3.% ‘TTUE]Qﬁuﬁ%ﬂ@ﬂLLaB‘U"NmiLﬁU’%Jﬂw’I Tuthifudsenaudhe
amed  fiddyfe 3dwedu  (Zingberene), Fdlwesea (Zingiberol), luwlud
(bisabolene) tazuAuy (camphene) Sty (oleo-resin) luiJsmmmLUumuwm’lwum
ndugu  weelvadn  shifuveussimeduassuvddiiunBndunussumnivasasdese
dawnden fulinudiuse q Wy ndunen Mvewa 1nas s viewdenvesdidy i
dnvaziuveavadla Lifldvieddseulesduseneumariifiadududounas Lmnﬁmﬁu way
uanssssumnififinaauifvaisedns wu Mhduamsiuyslundnemns wamihvey as
fudinisaiadivlnveadesuazuunii wazdlpuanifiluansiueyyadass



] o/ 'é L% LY =3 Q‘ s 3 =Y a
muﬂivnawanmaqumwamzmmmLﬂumiﬂsznauﬂuaaﬂﬁaﬁqmaummsmzymuim
Y8398UN3¢ (Solgi et al., 2009)

2.5 qw‘é‘lumsﬁ’ﬁﬂa%aﬁﬂimaqﬁﬂﬁwamzma
ﬁwﬁuwamsmamnﬁwmwﬁm"l,ﬁ'%’ummauk)LLazﬁmsﬁuﬂ"mtimnﬂma uay
gunsadudufsmnuannsalunmsiueyyadasyideded (zhu et al, 2002; Sokmen et
al., 2004; Li et al., 2009) Iumsﬁnwmmamﬁ’ﬁmsﬁwua%aé‘aiwaqﬂgﬁwamsmamnﬁﬂj
Tunsidneyyadassluvasanasmans™ fethadu Mmsfnwimuaninsavesansagey
Tunsidneyyadasyingislilalnsioussmensnys DPPH (2,2-diphenyl-1- -picrylhydrazyl)
Tuaeannaes Ingldeyya DPPH “lunsveaeuanuansalunsyhaieeyyadasy 3 38msE
vilade LUuquJsﬂ'*vnuaEmn'mmN LLavl‘mﬂmﬁwmmu'lumswrﬂﬁauqmmuauuamaa
A3AUOBNTATUIINGITNVA (Sakanaka and Ishihara, 2008) N1sANYIAMNEINNTAIUNTS
fufseuya Hydroxyl (OH) vevdnsnadey Aaflfinannsaasieyyn OH Tnensinen
widn Fe”* mﬂﬁﬁ%mn‘u H,0, lmauua OH’ Immsanﬂgﬂsmmﬁ Fenton reaction ayya
OH’ LUuauuawummhaqmﬂ“lumimmﬂgnimaaﬂmm}unumwﬂmana Wy nse
Tnddn Tshiu wazlufududu (Spencer et al, 1994) lunsdnwanuaianselunisiuds
oyya OH  vasmvngey fowhnmsdueasizviouyn OH  a1nima deoxyribose Tag
Ufi387  Fenton  reaction | uasiduansiisasnsvinasuLitefinuaannsalumssuds
ayd | OH | msfnwerwaansalunisugsduilavsduituiedifeuldlunsinu
mwEnsalumsiueen@induvesansnaaey | msnzlavslesaulusmsdidylunisise
Ugnim wﬂmnmaﬁaumaaaivmm NUEVANYYIIR IﬂEJLﬂ‘W']"ﬁ']GlLMﬁﬂVI@HINiULWBﬁﬁ
3o Fe aumﬂgﬂﬁmaanmmunvaanmw’tummﬂ Aetuansouga superoxide anion

radical (O, )szNLUuaqu‘,aaa'sumLiumuwm’Lmnﬂa%aaaismauﬂ sigll Aanssumsudedu
TanaduufiSefiddnpidesnndasandnsinsiia Upid peroxidation ansatantaneldudn
TavgnudFU (metal chelator) mu’twmLﬂuiﬂimuﬁ]%uunuiawmwwuwm‘luL‘N'Ugﬂsm
m3ineyyadase (Duh et al, 1999) muum‘swaaummmm'ﬁdummLasﬂ,aaaumm
lave Wumswegeumuaninsavesaslunsugsduivlane Fe® iuTunaseyyadase
afﬂ,uamamLUuaﬂﬂalnwualunWimwuaumaaaiu Tnsileansuaysadaseduiy Fe g il
anN13LineYyasass (Rice-Evans et al;, 1995)

2.6 muqaaw’lﬂmwwam"ma’Lumiﬂﬂmﬂ{]mmnu
mmwam“malﬂnnmml%mmaﬁmr«anu’iumanlummanwmat’uum Wy el
(Solgi et al,, 2009) unadleda (Marandi et al., 2011) wealnsdiSe (Bazaz and Tehranifar,
2011) wagnuanu (Shanan, 2012) wamswmaaawmﬁumwamvLwamiuawﬁmw‘lums
EmamaﬂaumaﬁﬂaaﬂmaammwawamLaaauﬂumum‘luman‘luuuuamnmswmmmeu
LL’ﬁ“’LWJJEJ’]EJﬂ’]ﬂ’UMU‘UENﬂEJﬂhJ mnmiﬂnmmaq Marandi et al. (2011) lémmaasldtisiu
WBNIEINEIN ajowan and summer savory ARy 500 wag 1000 ppm Tun1sa
engmsiinuaiuuna@leds (Gladiolus hybrida Hort) wuimasnnislditunenssmeann



gjowan fissAuarandudy 500 ppm usedvBnmvzasnisanasweninnings uasdneny

nstnuafuunadledaldte 20 Yu dewSsuisuiuduunailedaftnuamiluansazanedia
silverthiosulfate mmamiﬂmmnumu 19 $u lunsBeengmstinuasiuvesnenisedid
thifumenssedudunay wuithsumensemean carvacrol 50 meg/L Wwag 100 me/L
Emmamiﬂnuﬁmulmmu 16.0 Fu uag 15.9 Fu a1y (Solgi et al, 2009) Bazaz uag
Tehramfar (2011) Anwwavesientuea wuea wasisumeusswmesniestiug g
wagdui TunsfnengnislfulunenuealssiliSe (Alstroemeria peruviana santorini) #
mwm%’wﬁ’umaqﬁaﬁ leyNuDa (4% ,7% ,10%) Wwvnuoa (4%, 7% , 10%) wavinsuvien
s2me (50, 100 mg/L) nuin1sdnuafuluhduvenssvenwesiiug 50 mg/L a5
nengmsdnuaiuldunge 125 fu dewSeudfsuiuaenuealnsiiFeriumstadee
ueanesedtsrasiaiunm 1 fu Snfunudssluindy fonglumstnuadulitis 10 Ju
waz Shanan (2012) ﬁm:nUizﬁw‘émwmaqﬁwﬁwamsma’lumiﬁmmqmiﬁnLmﬁ’ulumaﬂ
My (Rosa hybrid L. cv. Grand) wudwﬁwﬁwﬂwam"mamﬂmamﬁau anuees I
Usuawﬁmwium‘sauamaﬂaumﬂuuﬂm waziiinorgmisldnuvements dhifuvensze
'vm 3 mumummsnaﬂﬂimmmiammumawamLamuﬂuﬂaﬂﬂwmumluman‘lwuamwm‘mm
Yt



uni 3
35msaniiuni153de

3.1 gunsal
wWynagau laun Tuiuuins (Davallia sp.)

gunsafuaziaSaanda 1dun nsevonmis (Gradulated  cylinden), IAFUTNY
(Erlenmeyer flast), Unines (Beaker), naoanaany (Test tube), lulastius (Micropipette),
M (Tip), wiskiaAwens (Stiring rod), AelNIIMABANAGDS (Test tube), sxglifluuwond
(Aluminium foil), nNszA1¥NTa9 (Filter paper), ns8uiI (Glass funnel)

asiall laun ansmavaunisie3giAuln 6-benzyladenine (BA) uas Kinetin, ¥indu,
Acetone 80%, Ethanol 95%, Folin-Ciocaleu regent, Trichloroacetic (TCA), Butylated
hydroxytoluene (BHT), Thiobarbituric  acid (TBA),Sodium carbonate, DPPH (2,2-
diphenyl-l-picrylhydrazyl)

A - a ¢ [ & o ° | o o ° ' A
n3eslian1eImerAans laun 1aSeede 2 fumds, 1aeed 4 sunis, wissaiun
a 4‘ 4 v . d
InstWlndines (Spectrophotometer), 1ASoavigansiinnnenay (Centrifuge), inSaanay
P p g
#19azany (Vortex Mixer)

3.2 An1sunasd

d L= =Y L4 ’0’ L
nsneaesil 1 Msdnssiauaiunsafuesnfindusasasdusenuaunaadivesingu
NONTSAYINTUS

1.1 msfinwianuansavenhiuenssiveainddunsiineyyadass Ine 35l
lolnsiaueznaw

unhduneussimenndeiauidudusieg samau 2 - faddesviuiisenlunasn
NARBINUENIAZa1Y DPPH Avautdudu 100 pM 31udu 2 fladans waulmdnsuiud valud
P = ¥ ) a =2 o [ 1 = o o
unnigaumgivieniiuiian 30 wiil Inharsasateluinainsgandunasiifianueiedu 517
uluins Mmensesanlasinlndined inisvedeusgieay 3 Frdufindnisganduuas

o 1 & o ° ¢ ad ¢ v a ’

wazhAganduunasiildlumuinmiefidudauaiunsalunisdueyyadase DPPH
(Scavenging capacity) AMWINAT ICsp NNTINTENINAT log VaRNILTNTY wazilasidus
gviiueyyadase emanuduiusuazaunisidunsessninmnududuresiifurey
seiulefdudgvisueyyadassuase regression



12 ms‘imizﬁmmmmszﬂumié’ué’j”’qaqa\ga Hydroxyl (OH") vesthsfumensem
N4

ﬁwﬁﬂﬁwamsmamn%qﬁmmtﬁuﬁwﬁq8] WMURNTEU deoxyribose wudu 3.75
MM H,0, 119U 1 mM  potassium phosphate buffer 1Wudu 20 mm 7 pH 7.4 FeCl,
Wity 0.1 mM EDTA Wiudu 0.1 mM uagdanfiud wudu 0.1 mM waslsidntu ¥hluvy
figamgdl 7l 37 ewuwadea Wunm 1 dalue wdndudin 1% thiobarbituric acid
1 1 Tad8ns uag 2.8% ( wAv) trichloroacetic acid 91uau 1 fadans vrluguluth
won Wuaan 20 wdl wﬂmﬂu‘[mmmﬂumuw Jahldinineganduuasd 532 wiluwns
¥n1snaasveg1ay 3 91 GufinArnisganduuauasiAiganiuuasiildlumua
l:da'swumqwﬁmumimwauua hydroxyl

13 nmsdnsgiauannsalumsugaduiulang. Fe” (metal chelating activity)
TosthdumonsEMeInds

ﬁwﬁﬂﬁwamxmamn%aﬁmm,ﬁﬁ'm’fumq‘] w1 daddashujitentu
asazaneinedadainn (FeSO,) AMLNTU 2 mM Usuns 50 Tulasans waulvidnfuuas
\Wuansavany Ferrozine AN 5 mM USuans 100 lulasdns Tuneeavaaes wawly
Lmnu m’LUuu’Lummwammwmwunm 10 w19 mﬂuummmsaumEJ"LU'mmmsmﬂnau
uasiifleueIndy 562 wnluising eiedesadnlnsTnlnfines vin1svnaevseas 3 o
Tufinfmsganiunaazihegenduuasilalumuamivesifuianuanasalumsues

7] U 2
Juiulang Fe™

14 msengimnuannsalunssiduenhsimeussmeani

ﬁwﬁwﬁwamzLwﬂmn%qﬁmmﬁu'ﬂ'uﬁmﬁ‘] uU 1 Taddasnanivaisasans
Tnuvaleuosntiines 02 M 7 pH 6.6 Usines 2.5 Tadans wasansazany  KyFe
(CN)s 1% U3ums 2.5 fadans wawlidniuuazihuai 50 esrwaides Wad 30 wad
nthuin 10% TCA Ysnas 25 Seddns nealidty thlumusisanu 10 wft v
asazagdinuNUTIeg 25 Jadans nauduiindu USines 2.5 §ad8ns uazansazane
0.1% FeCls U3umis 0.5 fiaddns 1luinAniagandudsiitnenatugnindu 700 wiluwns
vmsvageustnsag 3 61 ihlumunaannsalunssmdluguiadnfuvesnsaunadn
(Gallic acid: GAE) senfuvasansain Imﬂﬁwmmmﬂﬂ'swhnmgﬂu‘ua\‘imsazmﬂmmgw
NIALAREN

a ¢ Y a o
1.5 ﬂ']i']Lﬂiqﬁﬁaﬂﬂﬂisﬂ@‘UV]’NLﬂﬁ?JT’J\‘iuqﬂJUWE)N'igLVIEJ?]']ﬂ‘U\?ﬂ'JEJLﬂ'ﬁ'EN GC-MS
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n1svnaasd 2 msﬁnmnmﬂﬁamwmﬂ%mmmﬁhLﬂﬁman&jmaﬂuﬁ\lummﬂw
AMEUBINSHULREA

131L‘Wuﬁmumiﬁm@mmwLLé"Jﬁﬁmmasmﬂﬁ’]mﬁ’mﬂiﬂniﬁmLwi\‘iﬁqimﬂl,amﬁmu
45 9 811 15 wufiwes dludnueduluiindu Anviniswasuulasuesansiued
sevinsdevanmuedluiiuinesy wadu 5 ssesmunsidsuulasivesluandifes
Hhudmdes fel)

szesd 1 ldded;

iy

2.

gel 2 WA 25%

svaedl 3 Wasud 50%

seeedl 4 WAL 75%

veedl 5 \WABWA 100%

Lﬁu*‘ﬁaganmﬂéauuﬂmms%aLﬂﬁmwé’amstﬁmﬁm Mn1svadeusgsay 3 41

Faseluil - '

2.1 msfnevUiunaneslsilaauasualsivesdluiiuuinsne
Fohminlufiuuesausana 02 ndu unlulndsieesdlay 80 edidus

USines 5 fadans thansarnldvaaanaassung 15 dadans smeliiduszosinat 3 dalug

ymanilunsesiionseanensonued 1 LLﬁzﬁﬂUi’ﬂﬁhmi@,mﬂﬁuLLaQﬁa&JLﬂ%ﬁﬂﬁWmi

pendulaismenady 470, 647 Az 663 wiluips Awmmeenududures

AaelsWad 1o wae U uazualsiuas

ee

(9
v
@
@

ee

an
b

2.2 mifnyIMsinUisen lipid peroxidation Tuluiuuiasiy

Fahdnluduuiasetssnna 0.5 nu ualulndsiieaisazals Trichloracetic
acid (TCA).0:1% S1uau 10 fiaffes wrluvyuivies 10,000 sousiound uiaan 10 uadi 7
geungdl 4 esewailos thudusesansazantldlunasalmi wsansazaiefldsua 1
1adadns \Wuans Thiobarbituric -acid (a¥atelu trichloracetic acid 20%)  1dudu 0.5 %
$1uou 4 feddns wanlyidriu dlusluindion Wunan 30 i ieasuiuanaudly
shudetudt dlumuides 10,000 seusaindt Wuna 10 1nil tasazanglufarinig
gANduuaIinteNedu 532 nm way 600 nm thluduamwIUSIne MDA diuviaen
blank 1Aindu 1 fiadans uazans Thiobarbituric’ acid (avanely trichloracetic acid
20%) Wy 0.5 % iy 4 Gaddng

23 msfnwanuamisnvesmsatiannluiivnasvlunmsmdneyyedasslngisly
lalnsiaussnay

ihafannlufuneswieievusaiinrududusieg $1utu 2 fadansvuiisen
luvesanaassiuarsazaty DPPH asidudy 100 uM 31wy 2 Sadans waslvidnfusiud
Unlufifiafigamgiveadunan 30 i Suhasazarslutasimaganduuasiifipauen
A 517 wiluiuns Tufindimsganduuas wasthaganduuasiildlumunmiesifus
ANEUIaluNSAuaYYaBasE AINAT ICs, 21NNTINTEWINEAT log vesAnududy
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{ -

wazwedidudgiueyyadasy ilemeuduiusuazaumaidunsessrinemnududures

(3

asafiniuiesidusinnifusyyadassuagen regression

2.4 mylnswiliinaeasuseneufiuednluluiuuingia

o LY a v P L o a aa

iarsanannluiivuneswisienusaiinaududy 5000 ppm 1wy 1 fadans
viujiseniuansazany Folin-Ciocalteu U3uns 0.5 Saddns Tuvaeavaaes wauldidndu
fddiidunanssne 5wl nduwfmsasanelnfoumsusiumeadudu 75 %
a a aa ' da o a v = ] Y s o LY
Usuns 4 fiaddns valundeangamgiveadunm 60 wiil mniuinhensazaneluind

4 Ao 41 v < a ¢ o 1
mIganauuasiiauemrauy 765 wiluwas meandewunlnsinlafives waziding
aanduaslaAnsmUSnamsussneuiuednviaun lngiSguiflguanauns

UATIYBINTINIATEIUNSALNAEN

mMsvagadil 3 N13ANYINATDS benzyladenine wag kinetin seagnsideruvaduiy
UIAINY LLazn'liL‘UaEJuLLUa\i‘U%&l’lmﬁ’ﬁ%’JLﬂﬁ‘U’Nﬂa:SJ

diduilinunsfaguain heuaven Aawssmuluiuleg @i 45 o
wwnen 15 wuiiims | dhawhmatatddumsagmeiiusznoude benzyladenine e
kinetin shantnuatuluansazany benzyladenine %138 kinetin fisesumnududusm aq
Wivuitguiumstnuaiuluhadu Mawunsvsassuuy completely  randomized
design (CRD) ¥n193lATIzvAIANULANA1NEda kagiuSauiisuannuunnaisuasande
Tme Tuky’s Studentized Range Test fiszsuanuidotu 95 wWosidud farelud

Wad Unuaniu

N55IEA 1 shndu thndy
n3su3sh 2 BA50 ppm nau
n3w3sq 3 BA 50 ppm BA 10 ppm
n3su357 4 BA 100 ppm vnan
n3su3sA 5. BA 100 ppm BA 50 ppm
nN35u357 6 kKinetin' 50 ppm thndu
n351387 7 kinetin 50 ppm kinetin 10 ppm
nN35u337 8 kinetin 100 ppm tndu
N353 9 kinetin 100 ppm kinetin 50 ppm

nstufinnamsnaasinsidsuaminisnin futeyannusunseieludiy
winngunegn1sitin Tuwdazninwuduszneufmelufiuuasiudiuin 10 fu uae
fmualiluduuas 1 fuiiiu 10 fei

1. Sufinergnisdnuatulaedmuniusleludenaniniidnumreinsluionnns
wisles mswasududthma nsiin nsse mstu fevumenan1slday

2. tufinthwinanveslu
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msiasunlasiminegn = dndnaslunisvmaaes x 100
UMINERSNAY

[
[ LT

3. Sufinmisgai TufinUsmnanhmnulnssnisiutumileduitetusinusinasth
fivde
mstufinuamseaesmsiisuuanTinamsiued utayann 2 fu sunsevis
Tufluuasmineignisldau imsvaaeveesag 3 41 dil
1. msfinnuTnaurselsfiaduasualsiiueadaaduiiuuiase
vhnsvaspguiieafunmsvaaesd 2 4e 2.1
2. MmsAnIMsiinUiisen lipid peroxidation Tuluiuuinma
rhnsvassutuiieafiunisaaesd 2 4o 2.2
3. msfinwermaansavesnsatanntufiunasslunmsiineyyadasslas sl
lalnsiaueznon
FnsveasduAtIiunTnaed 2 4o 2.3
4, myleseiUTinaasszneufiuednluluduunes
Ymanaaetuieafunisunansd 2 4o 2.4

nMsuaaedil 4 miﬁmenwammﬁqﬁwamsmﬂmn%eﬁiamqmﬂ%’muﬂuaa‘lm‘t‘?luu'miw
LLazn’mﬂﬁﬂuuﬂaeﬂ%mmmi‘%Lﬂﬁmqna':u

mLWuwmumiﬂmﬂmmWLLm hanuEgenhin  saawsisiuluiinedosig
45 D9 mmm's 15 LuRilung mmwuﬂmnuummmwa%ﬂummwamvmamwaa’tuiﬂ
wavawmm“mmm‘umum 3. 926U mLWuwmun1smwawmmﬂﬂluumuwamuma
Jeldsgiunradudum 3 seiu Wisufisusunsdnuefduthadu ausunismaass
WUU completely randomized design (CRD) ¥MTIlATIEWAIRNULANAINIEER Lag
Wisuilsumauunnensvessniadelng Tuky’s Studentized Range Test fisyuanuidosi
95 Wasius faseldil

Hag Unuanu
e 2 ¥ o H o
ATSUISN 1 vndu UNAY

N3sdsd 2 Wniuveusumends 0.0025%  vandu
a4 g o a 5 o a
N35uIsN 3 Uiureuszingaindy 0.0025% SunpuTEMeINTS 0.0005%
add Y o a 5 <
NSIUIBN 4 Wdfuvenszvieain®e 0.005%  Undu
aad Y a ¥ o a
NIIIBN 5 YrsuvenszmeaIn®e 0.005%  WduveNsEveande 0.001%
add LAY a Y
NT5UI59 6  UnduveuszmeaInTe 0.01%  UInau
NSSUIEN 7 unfuvenszneainds 0.01%  WisuveuseeaInTe 0.002%
NIsNIsN 8 Fvirazaneds (neopelex) Undu

e o

aad v o a a
AITUD/N 9 AIMaza1g (neopelex) AIaEaIEU (neopelex)

oe o

o
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mstufinuanisnaseamsideuuamenien  fudayanniusunseisludi
wnsIvungmMslde luustaeninawivssnsumeluuunasivdua 10 fu uas
ualiludiuunas 1 iy 1 gh sl
1. Sufinergnistnuaiulaeimusinuideludenaninidnunzernisiuiionns
widles mswasuudima st nswe msthy feTvumegn1slday
2. tufimbwinanvesdy
mswasuutainiings = dwiinaslunisunges x 100
hwiinandudu
3. Sufinmsgah tufinUimnahynulasendiudumilethifeduiinusunani
fvde
nstufinnansvaaesnsiasuniasSuaansiaed \Audayayn 2 fu aunseis
Tuiineswmnengnsldanu vnnsuageussisae 3 gh fail
1. ms@nwuTinaeaslsiaduazualsfiuesrvesluiliuuinse
vnsweastuiitafunisvaaesd 2 4a 2.1
2. M3 IMsAnUA3e lipid peroxidation Tuluiuuasy
i svasetuiivaiunsnansi 2 48 2.2
3, MsfinwmnuaensavesasainnlufiuvuaslunsidneyyadasTag5Tv
lelasiauezney
nmeseuguiRgIfUNIAnesi 2 40 2.3
4. MFlpseivTinassUseneufinednluluduuany
FnsaasatuiAmfumMsraaesd 2 48 2.4

d o & v
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unil 4
NAN1IELAZITAING

4.1 NAN1539Y
mMsueanedl 1 Mediaseianudansadrusendindunazasdusenusunuaiive sy
NBNTLNYINTY
nwsi’mmmmm:mmsﬁﬂuauuaé‘aiv‘uaqfﬁﬁwamvmamn%q 11435 DPPH (2,2
diphenyl—l-picrylhdrazyl) szNLﬂmﬁLummuwuau’h’flumswﬂaaquamuauuamaqmsmu
29NBATUINTITUIR Nams‘mmaaummmmm‘lumwamaumaaaiummumwamuLvm
9nds ae38 DPPH Wibuifisuiuansiueyyadasy 2 °Uuﬂ fa ascorbic acid wag BHT
WUMUse awﬁmwlumimuauuaaaiu T,mnﬁ DPPH ﬁuawmwamvmamn‘uq qus’tumi
mmauuaaaiuL‘wu‘uumummwu*uummmuwam“mamwmu wazdar  ICy, Wiy
7,870.56 fiadinSusadns d1u ascorbic acid way BHT i1 [Cso IMNAU 3.16 Way 21.82
fladnsudedng muddu (nwdl 4.1) namsvedeumiLannsalunisuguiulavedady
NSMIAABUAILANIN SO TR IS UMEN SN TN SR AN e sudeduivlavelosay
Fe”" TnewSeuiautuasunsgiu EDTA wuh LﬁaL'ﬁummLﬁmﬁuﬂuaafwﬁuwam“maﬁm
Failnavhldauanansalunisusdulanslesau Fe” wWudy Taeden ICso Wiy 365.68
fadnusiofing d@u EDTA difh I1Cs, wWinfiu 18.32 Jadnsudodns (nwi 4.2) 91nuanis
wﬂaaummmmsn‘lumimmauuaaaivmmmuwamumamnm 1ae38 Hydroxyl wui
Usy awﬁmw’[,umimuauuaaaiu ’mea Hydroxyl maqumwamwmamnm quﬁl‘umi
mﬁmaumameumummmwuu'sumumwamumamwmu Ipgfansunnsgiu  (ascorbic
acid) JusIeudleu.  (nwdl 43) uaskan sVeERUA I AU eTTe
anuensnsalun BN sauTB M MeNTEMEINT . WUt mwaEselunsle
Sidnasauvestuviouss e nBedinfinsunneudaduren huveus e T fisy
(il 4.0) WoliaszriesiUssnaumanivenifuronssmeands Sdntsvnoundn D
Zingiberene 40.83%, Benzene 18.29%, beta-Bisabolene 10.219%, alpha-Farnesene
4.47% wag alpha-Amorph 3.36% (M3137t 4.1)
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Peaks Realtion . gns viwtin Fit o0
time Twana  Twana
1 4.556 alpha-terpinolene CioH1g 136 0.47
2 6.515  Borneoll CroH10 154 1.40
3 7.065  alpha-terpineol C10H160 154 0.69
il 12563 (+)- cycloisosativene CysHaq 204 053
5 12.791 copaene CisHaq 204 1.09
6 13.263 Beta-elemene CisHoa 204 1.24
7 14.698  gamma-Elemene CysHoq 204 0.56
8 15.569  trans-beta-Farnesene CisHog 204 0.56
9 16377 naphthalene CysHoa 204 0.71
10 16.486 gamma -curcumene CysHaa 204 0.51
11 16.636 - benzene CyoHop 202 18.29
12 17.186 . zingiberene CisHaq 204 40.83
13 _17.284 alpha-amorphene Ci5Hoq 204 3.36
14 17.507 ~ alpha - farnesene CisHag 204 4.47
15 17.626  beta - bisabolene CisHog 204 10.21
16 17989  delta-cadinene Ci5Hog 204 1.17
17 18.217  beta-sesquiphellandrene CisH24 204 13.91
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d d =y a 1 a
msnaaadil 2 MsAnwnsidsuuUaninaasdaeiiuvinguuesduiiuuasy
@ <
MENFINISAULAY

nMsfnwInsasuuawesansdaedl sewinmadevanmueddufivinese
(Davallia sp) utlwhndu wadu 5 ssegmumadsuuasiveduaniidenduiivdes
(5zeedt 1 Tiwasud: ssoedl 2 Wasyd 25%; szvedi 3 WAuWE 50%; Seuedt 4 Wabud 75%
uazszezil 5 Wabud 100%) laeAnwiAanssumsiueyyadeaseses DPPH, msiin lipid
peroxidation lngmsinUSina malondialdyde (MDA) USinaissadmpilifendaeiuns
duasguas loun Vunaraslsiladie, 0 uazualsiiuesd wazUSunaansussnauiiuedn
Han1sANY LI Anuainsalumsieyyadaszieds DPPH vasluiu fenannadudu
suaqmiﬁﬁﬂﬁa%aﬁaizaﬂaaﬂ‘éwﬁwaqﬂ%mmaqgaﬁaizﬁ"’mm (A1 ICsp)  weslulily
wiaslussesdl 1-5 iy 356.97, 443.21, 886.35, 102832 uaz 1658.58 ppm
AN LLam’LﬁLﬁm'wmmmmadlumiéfﬂuauuaﬁaiwaﬂuL*’?\Iuamaqmumﬂﬁauamw
(il 4.5) dlefinwnisia lipid peroxidation laansiausunm MDA wuih USuna MDA
vadluiunaseiienfisiunumsidesanmvedudfunasdluszes?. 15 frwrhiu
64.427, 64.:626, 68.595, 69.685 Way 76.803 nmol/g (FW) mudsu wagnsifiniuly
sefugeuesUina MDA dleludvinesmdingssesmsvdsunndidendufinges 50%
(il 4.6) dautinuaaelsiladie, T anas delufunesmdhngszeenisudbunndides
Hudvdos 75% luvasiiviinanelsiivesdanasdelufumanudngssesmsaounnd
Bendudndos 100% YSinuveseaslsiladie aaefladd uazealsfiuessiaanamuszes
msdewanmn Vsmaeaslsitadie luseayil 1-5 Sewintu 91234, 727.56, 665.76, 607.83
war 407.42 pe/g (FW) mugsu Ysinninaelsiads Tusvesdt 15 e 353.03, 379.42,
31539, 248.29 uaz 185.28 pe/e(FW) mud1su USinaualsiuess Tusvesd 1-5 fian
218.06, 21859, 215.38, 207.58 War 16333 pg/e (FW) - snudisu (nwdl 4.7)
USinamediiludaiiuunliuanainasnssoznisidensnin 198 AL A ANANANTEHENT
douanmilifiutu (nmil 4.8)
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d ! o a i I
AW 4.5 1 ICsp vasnsindnelsa DPPH vedluiluuinsyseninnndaanin
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Q
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2 65.000 -

T

5 64.427 64.624
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2 55,000

7 .

© 1 2 3 4 5
Suee

] a . a i J
awi 4.6 YSuas malondialdehyde ansluiiuuiasivseninenisidiovanin
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n15ueaasil 3 N1sAnWIHaTaY benzyladenine uae kinetin sdeangn1sldeuvasluily
A5 uaznsasuasinassTuaiiungy
mnnsAnuldansmvaunsiadydivla BA was Kinetin seannandududisaty
wetaetnengnistnuafuveaiiuunasy Tnesiuavesnsfinudeyaswieluil

21gn1sUnuanu
MnmsnaassnsiaetgnistnuaduiiuaswieasaIugunIsias vl BA
wag Kinetin wui1 Wuwiaswiviiniswadsmeiinduilunat 6 iluaazdreuulu
& o v P o o P v a v 1Y
naullognisldauiies 6.6 Ju luvasMifiuupsefivnsiadeiaeg BA 50 ppm uazéney
[ T & oa v a4« o o a) o o
wudlnhnau fe1gnsldiuunniigafeussuna 14.1 Ju uagsesaaunie WuLATIwAY
nMswadeiae BA 50 ppm wazdheuudlu BA 10 ppm Zengmslideu Ussanm 9.4 Fu
d 1 4o v a a o v . .
Tursinguitvinnmaaedlaenisidasmugunisiasaivlafifiarmduduyes kinetin 100
ppm Wag Wnau AU kinetin 100 ppm Uaz kinetin 20 ppm (M51971 4.2) uansliiuia
msanasegmstnnaiureaiiuiasy Juandiiuin nsldasmugunsiasyiiulnge
v v & | A o o
PTG IRdmadsdaLuwIATITM BndInIsiAuien

BNTINTAALN

nmsvaaesmiinatensinuatuiiuuianyieaisaiuaunsiasgivln BA
uay kinetin wui1 WiuIns19iivim sWadesas BA 50 pom udadneuudluhnguy uazifiy
AN TaTde BA 50 ppm wdaudadeaualu BA 10 ppm dnsdEenanmdn
i dhsInsgeaIsuIniian T6nsnsgaaITaiy 2,69 wax 2.34 Tadhas Mgy uat
Tumanduriu nisldasmununisiesafeanudiiduge Tnaiumemeiviinnstads fe
kinetin 100 ppr kagfeuuglu kinetin 20 ppm ‘d8nsnsgaansiadeifiswud 1.37
fad8ns (il 4.9) Tunstinieduvesfiuuasegasilludanediy §hsntsgainansves
WunaswazegluUiinsiigandivasiiluGuidenantnas fadnsnspnasiarudaenndes
fugasmsidenanmuesluiiuuans Hude lutsilududevanmsniinisgaaisazan
foras tumneemnud Sslufiudmmdsuanin mauanusalumsgearsiiothlundeides
Tufinzantiosadlusag

nsgeyidetimiinga

nnsnaaesmsinergmstnuaduiiuuianuieaisriugunisiasyifivla BA
wag kinetin ‘W'u:hLﬂummwﬁﬁma%v‘?juﬁﬁmﬂ’nammnﬁqmﬁgu Ao Wuuanaiviinswad
e BA 50 ppm  udrdhenudluthngu fiesifuddiminaniadeunnis 103.19 uay
sesaanfe WumATITiiNIWaddie BA 50 ppm udadheanudlu BA 10 ppm &
weddusithminaniads 92.26 Aeiaesrnmiduduiilorglunsinuatuiiign (nwil 4.10)
Fwenavenlsiih Wesidudhminasveaiuuasaluudasfudu fauaenndeatunisge
ansuasmsidevaninaasluifluunas
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UTunuaaslsiaduazualsiiuosn
nMsneaessiaetgnstinuaduiuunasiwdisansaiuaumsadqgiauin BA
Weg Kinetin lluwIAT19Mivin1sWadeine BA 50 ppm wazthuugluhndu fuszavsam
gagalumstiszasnisifienaninuesnaslsiiad eliemeiuSinusataluludiuiui 14
vean1svaaenudn fuinavesnaslsiladie wdvgefian iy 32451 pg/e (FW)
USuawesnaslsiaad Laﬁaﬁau‘i’hqqa Wiy 216.25  pg/e(FW) waziiuSunmuveualsd
uetdlady Wiy 7222 pg/e (FW) sesasnfeiiuunasiuivhnnswadadag BA 50 ppM
wanhwudlu BA 10 ppm fU3nmmaslsiadioroudege wifu 31134 pg/g (FW)
USnavesaaelsfiaddviniu 13241 pg/e (Fw) uasiivSinaweualsiiuesd 1ndsgegn
iU 105.18 g/ (FW) (1974l 43, 4.4 way 4.5) LﬁaLU%aULﬁaUﬁ’Uﬁamuqmﬁﬁ
Ussavsnmlumsvzasnadeuaniwvasnaslsiladim snnansvnasuansliifiuinans
mugnnsesyivlivssansamlunisthevzaensidenanmuesaaslsiladle

Ysurasusenaviluein

nnsuaaesn1siaetgmstnuadiuiiuuiaivieaisaivgunisiasyivle BA
. . a a0 v a v ° ¥ ¥ o U
uag kinetin - 1WuUWIATI9NYINNINATIATY BA 50 ppm  waziaaualutindudu
a a o A a s al a a v o
asUsznauiluedam Welimsgidsinauansdsznaviiusdalululdiuiui 14 vesn1svaaes
wud IAUSunniansUssnauiluedatafe iy 8819.45 me/100 ¢ (FW) uagliuunasiui
in1sWadasiag BA 50 ppm udadwauwaly BA 10 ppm fuSinmuansussneuilueda iafde
Wiy 11612.78 mg/100 ¢ (FW) Wilew3suiileuiivgaaiuauidudunmansusgneufiuein
- o o < o @ o
\ady 16079.45-mg/100 ¢ (FW) (15147 4.6) BaniigailawSauiisuiuyanisnaassdue
i 124 o =y d U U ) L7 1 g yg 5 = -
ldarseruaumsiasgiviafinnuidudueandrsiu uanedvisdunisiiaseiuSunu
= a d 1% P = = o 1 1
asusznevivedailululauin WewnnuSinadiaudunanldrsswiuey

Jsuas MDA

NNMIaaIn sdaetgmstnuatuiliuuiassdisasaivauasiasyiivln BA
waz Kinetin [uuinswiivinisiaderng BA 50 ppm wavihunaludingu fivsinamsiin
MDA veuiigaiilediagzsien MDA Tuluifiulududl 14 vesmsvaasswudn SeUSunos MDA
wlowiiu 278.43 nmol/e (FW) Tuvass il asaasivinisiadadae BA 50 ppm wé
tutly BA 10 ppm fUSinaimsiia MDA Aeudiaies Senusinas MDA waswihiu
281.98 nmol/g (FW) TnslugaaunuiiuSinuniaiiin MDA Tneiadeideransiiuly 14 $u &
AUSINQNSLAN MDA tafielvifu 32092 nmol/g(FW) (ms1aft 4.7) Fsfteinannitgaile
Wieufuganisvnaesduy

aMuansalunsindneyyadaseleeds DPPH

nnnsnaaesmsiaengmstnuaiuiiuuasviieaisaivaunisiadgdula BA
uag Kinetin  LuWIATI9AvNsWATsie BA 50 ppm  wazduugludiiletised
auausatumsineyyedasslluduluiud 14 vesnisveasmui fanuanansoly
n1sidneyyadassge Wity 867.97 ppm sesaunfe WuwaTwATiiin1TWaTede BA
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a

50 pprn udhaualu BA 10 ppm fanuausalunisiineyyadassiviniu 876.33

' ‘d L A o _J 1 L4 3
ppm WeilawSsuliisuivyaniuguifiauaansalunsidneyyadassiadodeudiash
o
931.67 ppm (N1 4.11)

o 9 < a o v oa w a a
3190 4.2 engnistnuatuadevesluiumanviiiadesaisaaugunisia3yiuln BA
. . v [y ¥ & a a o
wag kinetin uagdretnuaiuluiingu wioasmuaumsidgdvlaiau

Wiudusiag )
dsdaaTunnnw a1gUnuaniu

Wade Unuaniu

hndu hndu 6.6b*
BA 50 ppm tndu 14.1a
BA 50 ppm BA 10 ppm 13.1a
BA 100 ppm thndu 9.4b
BA 100 ppm BA 20 ppm 8.2b
kinetin 50 ppm thndu 6.5b
kinetin 50 ppm kinetin 10 ppm 6b
kinetin 100 ppm hndu 5.5b
kinetin 100 ppm kinetin 20 ppm 5.1b

* snesnwdinguinidniuanseiulusanufafefulpnuuanseiunieedan
sERUANUTRNY 95 Wesdus Tne?8 Turkey’s Honestly Significant Differrence (HSD)
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4.2 39150iNa

myineruasnsansiueyyadassveaitunenseineainds neld38 DPPH (2,2-
diphenyl-1-picrylhdrazyl) %’iqL‘fJu‘i%'Lmeﬁuﬁﬁam‘h’ﬂumsmaaqu‘éﬁwuaquﬂammmséﬁuaan%
nduanssuvA waztlunsvaseuamansavesansnaaeulunsindnoyya DPPH® Tneds
Tilelnsiauesmeuluvasannass (Hou et al, 2001) ssduszneumaaiivesinsumessemeann
39 A zingiberene %ﬂLﬂuaﬁiﬂizﬂaUW’m phenolic compound (Kamaliroosta et al., 2013)
villimwaunsolumsis Silinaseudmiaedldd wieldmdinudidnTnsiunadfgs il
fanuduavinn udnililelasioufiieglnafigatimnuduuannnuasssannsavqaesnluld
e JohliAansfedidnaseu wagvihldliamanansalunisiilelnsiaulds (Brand-williams
et al, 1995) duanuaiuisalunisfianlessuredaveilunismeaauanuaiinsovesans
naaeulumsugsiuivlanezlossy  Fe™' Lﬂuﬁnnalnwﬁﬂumiéhuawa%asz (osanlany
loooudusimsddlunssefiiten viliRnanseyyadasesnsg annuevanseiln Tnewamz
Tavzlosou Fe” azvinlffeoandintuiusendioulusinie induanseyya superoxide
anion radical (O, ) G‘z'iqLﬂua%aﬁaisﬁqL'%'zuﬁuﬁﬁﬂﬁﬁma%a%awﬁa%uq #ely (Rice-Evans et
al., 1995) mamiwﬂaaummmm'ialumiLLEJQ%’Uﬁ’u‘[aws?iuﬂumimaaumw:Jmmm“uamfwﬁu
veuseveanddlunisiian wionisudsduiulanslossy Fe” TngiTouiisuduansuimsgu
EDTA wmw LuamemmLw’uumaamuwamumammNuNam’lwmmmmsﬂiummawuiaw
losau Fe’iiudu Taufian IG5 Wit 36568 Tadnsuredng (Mwnil 4.2) Tedenadestu
NUBBN Viuda-Manuel et al. (2010) Ltam’lﬁLﬁummmmsn‘uaqﬁ“’ﬂﬁwamsmﬂmnﬁ‘v 5
wiin laun nuwg (Syzygium aromaticum) 883l (Origanum vulgare) Tsawas (Rosmarinus
officinalis) sl (Thymus vulgaris) tasiae (Sa{via officinatis) tTum3ssueyuadaszlagds DPPH
LLa~mmmmm’lumiwavﬂU‘IaW”Laaau Fe :Jmmmmsa‘iumimmauuaaas“ WaZILENTU
fulangleasu Fe' isAumupnududuindy Hydroxyl radical (OH- ) Lﬂuauuaaaw“
Jedly annsadavhuiisenduanstiluenadiddy waasaumﬂuwuwmaswwu muuaumau
mmuaumwamami‘m‘[maﬂalummnmmnn’nauua"vuﬂauﬂ (Halliwell, - 1999) ’I,umiﬂn*m
anuansnsalunsduds OH. radical _984a138198719 fiosvinnsdaiasien Hydroxyl radical
(OH+) 91nthana deoxyribose’ IagUfifizen Fenton reaction. model system dlowdu ans

e

Thiobarbituric acid (TBA) wag Trichloroacetic acid avmmﬂuammwLuamumswmaqms NAADY
ffiauanansalunisduds oHe radical adly 7 IVAYLY Y0 TAZAI8NAY IINNANTT
wagauANENITnlunsYTReyyadasy maaﬁwﬁwam“mmm%q 1ne33 Hydroxyl WU
Usvawﬁmwiumimuauuaaasv 1ne735 Hydroxyl mawmwamumamn‘uq mqwa‘lummm
auuawaummmmwmumawmwamumeml,wmu lnefiasunnsgIu (ascorbic acid) 1Ju
mLUiEJ‘UL‘VlEJU (M 4.3) Testenndosfiuanndouns Serap and Ferda (2013) wansliiiudn
muwamumamn Laurus nobilis L. qus’lumwﬁmauma Hydroxyl \fisdumuaanmiduda
Guaqmmwamum&ml,wmu WASNANISVNAADUAIINAINNTAIUNSIAEuS oA Na NS0 lUNIT IR
Sidnnseureniituvenssiveainds nudn anuansolunmslisidnasoureniiumenseme
Pndsfianiintumueududuresifuneussveddiudy (i 4.4) Fsaenndostuaisy
984 Sudta et al. (2013) uanslAliuinansannann Paederia linearis Hook. f. finniuanunsaly
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mslididnasouiiifisdumuanudituvesasafailifindy uanein thiuvensemeanded
anan R dud B IAnnseuanansavinldeyyadassdsufueyyaiiaies Jsdamalivgn
Ujisegnidveseyyadasyld Tnefnwinalanisiinufisenidndues F ), Ty
Fe”'(CN)g (Dehpour et al., 2009) LLamdwﬁwﬁwamzmamn%qﬁﬂfcﬂ,nmséfmaq:ﬁaﬁais lng
2199aANSNAUA3E1 lipid peroxidation wazanmsiineyyadasy Lﬁmmnﬁmmﬁnﬁa&ﬂugﬂ
wodsa (Fe™) udnisdrdnlunisisalfisen lpid peroxidation
nmsfnnnsdsuwasasiuaivicsensvedlufunasy Tusendnenig
enanm  wuhmsidesanimuesluifiunnse 219 AANN1TANAITRIRINTINNTHIUBYYS
8asy maifia lipid peroxidation wazmsgauderaslsiaduazualsiiuoed (nwil 4.5, 4.6, 4.7
waz 4.8) Msdonanmvsatadingg Tnsawederueed dwsznouselusiu waglasiy ms
oondladluiu vilifina1s malondialdehyde vde MDA s MDA \Jufdamsin lipid
peroxidation Lﬂuﬂgﬂsmaanszjmﬂuusvmwaansmﬁmnuniml‘uuu‘uuﬂluaumLUngﬂsmaﬂh
Lummnauuaaasvmnm‘uu wnsgfulinanansaluiuivdsliAnuiisedely Ssdwalmdedy
Wwadidouanm (Batish et al, 2006) msaatefateseaslsiiadtsveniinsdevanin ms
amefvesraslsfladiuluiusgivtiadovatsetne Wy seslululy dddun lelnlady Suwe
wadu efiAy way ABA usneInugusfuamvnsumhiasias lelalatiy Juiweisadu
lazlasasvzannsaanefivadnanlsiiad (A3, 2561) nsSudunsidevaninludiodenas
fduideadestiu - nstivduvoseuyadasylundgy - Reactive . oxygen —spcies ¥ie  ROS
(Prochazkova and Wilhelmovam, 2007) Lﬂunejuﬁﬁaan%wmﬂumﬁﬂizﬂauﬁ'\ﬁ’ig SHIN1Y
rsueSeaveteuyadasEitlinnauvih s uoyuadas bifiowe  uasilevagouniuanuisn
'lumimﬁmauua DPPH wudn Tulusienwamisalunisidneyya DPPH anas munns
Hewanw uamaiisruenunsalunisiueyyadasy e
mﬂmiﬁnmmqﬂ'ﬁﬁﬂmnwaa‘lmﬂummw Tnansldansaaupunmsiasafiuln BA
wag Kinetin WU';"]LWumﬂswﬁﬁwmsﬁ’a%ﬂumimummm%mLﬁu‘lmﬁmmﬁwﬁu BA 50 ppm
Wunan 6 2l arngudemndnludindy flengmstinuariuedsuiuiigafie 14.1 u uazdan
ﬂﬁamaaumuﬂamLmaLUsEJUmaumummuawumamsﬁnLLﬁmuLaam‘wm 6.6 T Manig
LaauamwmaﬂuLWumﬂsw‘ImamsmﬂimmﬂadiWaaLa U uazualsiiuen duunliuanamiy
rgmsdnuaiuiiaiiy (el 4.3, 4.4 uaz 45) wansi nsldansaruqunsiesgidulag
avundidu BA 50 ppm wagdhesndnuaiuluihnduaunsntraenisanastesUiinunaslsiad
WA dnsms uasang (2558) Anvirnavesansngulelnladulunisvzaenmsdouanmeedy
Wuwnesy ndsmsifuifemanisinwmu luiuitWedaieansazans TDZ uas BA awn9n
nergnislinulnetisdSuusnunmuasvzaon1sanasves wazuenaand Hutchinson et al.
(2003) I§¥innsWaTenendeundu (Polianthe tuberose L.) freansavany BA fimnuduty 25
me/L amnsaBnengnistinuaiuldun 15.8 Sullewdsuiitsuiunisiinluthndu (genusw) s
flongnstinuariu 13.2 uansliiiiudy BA vildanoglduruniiund snafeuilestunisitansily
andarinsmelaresiivas uaslelvladufiinadudanisadranasnsviumesensaulime
fufunsifivanslalnlatuasiuluasazanetnuaty awviliorgnistnuafufiusntu Tnedina
andnsnmele uasdidiedostumaimiesveslunaznduides (fiseiny, 2529) lelwladud
dmBwasdonisvzannisudysuazdaaiunisiadoudrosmeimsluiy (cytokinin - delay
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senescences and stimulate nutrient mobilization) lalnlafiuszeievzasnisaaedives
raplsilad,RNA, U0, uazTusiiu hiluluegredng @isiaw, 2529)

madeuanmveslufiuiasvannansvaassSuueaslsiiadie § uazualsiiuess
uum‘[uuammmmmami{]mv«mumwmu m’lu*’mLLsﬂawumsamammmﬂaaIiWamﬂGmaamn
uumiamammamaahv«aamumnw (15199 4.9) Tnensvuruntsaandvesnaslsiad
Usznaudie 3 funeu Liumﬂmimwg phytol aan3aneaelsiaalneioulys Mg-deehelatase
waziinufizeneendiatu porphyllide ring 984 pheophorbide Tnateulusl pheophorbide O-
oxygenase (FFC) mlmrsamawua'n a-formyl-{-oxoloilan Lﬂum'smammamaqniumumiaaa
aauvesnanlsiaa uanmnu“lumiﬂn‘mmmsmauamwmmﬂsmmaaahﬂaaamm‘[mams
aaneaaslsiladilu chlorophyllidepheophorbide  uazansUszneumaluianadiiusiaannd
(Vicentiniet et al,, 1995; Matile et al.,, 1996) LLﬂI‘JVI‘UEJEJﬂLUU'ﬁx‘iﬂ’mﬂVIWUVl’JlUIU’U‘iin'IGl ok
gnduase aulunaslswanadvesiis warnuinnludnuas Haldign (Tomas-Barberan  and
Robins, 1997) 1u5uﬂ’l’]\iﬂ']iLﬁﬂuﬁﬂﬂ‘W‘U’eNLWU‘L!’IF]T]‘U&Jﬂ’]iLWiJ‘U?Nﬁ’ﬁ MDA
(Malondialdehyde) LﬂumsﬁiﬂﬂaLawwdauﬁlﬂumﬁawaé Fausznaumelusiunaslaiy
Sun1 wasulaudarlas (Mal ondialdehyde) vioilisungdeqd1 MDA - Bafuazidrluvhans
ileBovessramelfidenanin Hugaisusuresnszuaunsssnw MDA sz luvhateiieide
vhliwadfiengmslfouduag

nnmsfnwnstnegUniesuvesiuiiuunasny Iensradneisiuvetssvennds
finrmdudu 0.0025% Wunan 6 Tl mmﬁn’lumiaumwwmmwmu 0.0005% He18n"3
ﬂmmnmaaamuwaﬂﬂa 12.6 7u uay mammiamLaamwunamuaLﬂsﬂvmaunummmmu
o1gnstnuafiuindeifios 7.2 Tu denndesiunisvaanives MaunlazAnY (2551) Yhan sin
Namaqaﬁanmmnﬁssmm‘lma“lsu'ﬁ'msaw‘[%ummmamamamsﬁﬂLL'«muma\mawlmnamw
vadla wamiﬂmsnwmﬁﬂannawlmwﬂniumia“mwuaﬁanﬂmﬂﬁmvma‘lﬂiﬁmummam
1nd 5% ammsamaﬂumunaﬂ LAZARNITIINVEIABN Iﬂﬂumamsﬂmwnu 20 Yu uavasn
nmaluw{]nLmnu‘lumnauumamiﬂmmumm 16 Ju vonvnildimuiniiuinesefiwadme
thifumenszimeandeitaudud 0,.0025% Huaan 6 $alus duntinluansasaneBadinay
wudu 0.0005% 1 ﬁﬂ%u'1§umitﬁauamwmamaahﬂaﬁﬁaaﬁqm donAdaITuNITNABBIYEY
Petridou et al. (2001) Fn1s@n¥INaNTENUTBIUNULS, BVIURE, BA ke wiladmilya lu
nsgaggmstnuaiuresneniugaing sansnuinuitaenugaunaidnluwviueaivsuna
msidenanmaasnaelsitadiosian
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ABSTRACT

The aim of this study was to evaluate antioxidant activities of essential oils of peppermint
(Mentha piperita L.) and ginger (Zingiber officinale Roscoe) by using DPPH (2, 2-diphenyl-
I-picrylhdrazyl) free radical-scavenging, metal chelating and-reducing power activities. Both
essential oils exhibited a radical-seavenging activity against-DPPH. radical with ICsy (half
maximal inhibitory concentration) values of 7,870.56 and 93,005:75 mg/L for ginger and
peppermint essential 0ils, respectively. The 1Cs) valués of standard antioxidants were 3.16
mg/L for ascorbieacid and 21.82 mg/L for butylated hydroxyl toluene (BHT). Furthermore,
the essential oils also exhibited metal-chelating activity with 1Cs4.365.68 mg/L for ginger
essential oil and 989.13 mg/L for peppermint essential oil while ethylene-dinitrilo-tetraacetic acid
(EDTA) as standard ICsy value, was 18.32 mg/l. M@reover, reducing power ability of
essential oils of peppermint and ginger increased concentration-dependentty-and the ability
was'low in essential oil-of peppermint-compared with.essentialoil of ginger.

Keywords: Antioxidantactiyity, Essential ol Metal chélator, Reducing power

Introduction

Essential oils are.organic natural'substances that possess a wide range of biological-propeities,
including antimicrobial. isect repellent, herbigidal, and antioxidant activities. The essential
oils.-have strong antimicrobial propertics because the. main component of éssential oilis a
phenolic compounid Sueh as carvacrol. thymol and eugenol (Lamberter al, 2001 - Mihajilov-
Krstey eval., 2010)-Essential oils from plants have been interested and researched a lot:about
the properties ofantioxidants (Li e al., 2010). Peppermint (Mentha piperita 1Y) is one'of the
mentha_species. Menthol (29%) and menthone (20-30%) atc the major compounernts-of the
peppermint essential-oil (Abijevych-and Garrett, 2004). Ginger (Zingiber officinale Roscoe)
is consuined worldwide as a-spice-and  flavoring agént and/is atfributed to have many
medicinal properties. ‘The active ingredientsin-ginger are thought to reside in its volatile oils,
which “comprise sesquiterpenes:) bisapolenc! zingiberene, (and {zingiberol (Connell and
Sutherland, 1969). The antioidant from plants has-been reparted to scavenge free-radigal, to
protect the human body from disease (Kinsella-er-al;; 1993) and-to retard. lipid oxidative
rancidity. Lipid oxidation, which.occurs-during the storage of raw materials, processing, heat
treatment and subsequent storage of final products;is one of the maif causes of rancidity in
food products (Tepe.er ak, 2005). In recent years, there has been a considerable interest in
seeking for potential-natural and possibly economic-and effactive antioxidants to replace the
synthetic antioxidant. In-this study. free radical-scavenging, metal-chelating and reducing
power activities of essential oils-of peppermintand ginger were analyzed.
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Matcerials and methods
Essential oils
The essential oils of peppermint (Mentha piperita L.} and ginger (Zingiber officinale Roscoc)
were purchased from Hong Huat company limited (Bangkok, Thailand).
2,2"-Diphenyl-1-picryllyydrazy! (DPPH) Radical Scavenging
A volume of 2 mL of essential oils of different concentrations was added to 2 mL of DPPH
(5.9 mg/100 methanof). The mixtures were well shaken in a vortex and then placed in a dark
room for 30 min. The absorbance of the mixture was read at 517 nm against a blank of
absolute cthanol without DPPH. Ascorbic acid and butylatedhydroxytotuenc (BHT) were
used as references. The percentage inhibition of the DPPH radical was calculated according
to the formula of Yen and Duh (1994).

% 1= [(As-As)/Ag]x100
Where / = DPPH inbibition (%), 4p = absorbance of control sample and 45 = absorbance of a
tested sample at the end of the reaction. Sample concentration providing 50% inhibition
(ICs0) was calculated from the graph plotted of inhibition percentage against sample
concentration in the reaction system.,
Ferrous Ton-chelating Ability Assay
The ferrous fon-chelating (FIC) assay was carried out according to the method of Singh and
Rajini (2004), with some modifications. An aliquot (1 ml} of different concentrations of
essential oils was mixed with 1.5 ml ethanol and 0.05 mi FeSO4+4H:0. After 5 min
incubation, the reaction was initiated by the addition of ferrozine (0.1 ml). The mixture was
shaken vigorously and after a further 10 min incubation period the absorbance of the solution
was measured spectrophotometrically at 562 nm. The percentage inhibition of ferrozine—Fe?
complex formation.
Ferric Reducing Antioxidant Power
The ferric reducing power (FRAP) was determined by using the potassium. ferricyanide—
ferric chloride method, Different dilutions (1 m! aliquots) of essential oils were each added to
2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 m! potassium ferricyanide (1%). The
mixtures were incubated at 50°C for 20 min, after which 2.5 ml trichloroacetic acid (10%)
was added and then centrifuged at 3,000 rpm, 25°C for 10 min. An aliquot of the mixture (2.5
ml) was taken and mixed with 2.5 ml water and 0.5 mi 1% FeCls. The absorbance at 700 nm
was measured after allowing the solution to stand for 30 min.
Statistical analysis
Forall the experiments, three samples were analyzed and all the assays were carried out in
triplicate. The results were expressed as meansstandard deviation,

Results and discussion

The activity of antioxidants has been assigned to various mechanisms such as prevention of
chain initiation, binding of transition metal ion catalysts, decomposition of peroxides,
prevention of continued-hydrogen abstraction, reductive capacity and radical scavenging
(Yildrim ef al., 2001). The radical scavenging capacity of the cssential oils was tested using
the stable free radical, DPPH and measured in terms of hydrogen-donating or radical
scavenging ability. Table | shows DPPH radical-scavenging activities of peppermint and
ginger essential oils, as compared to BHT and ascorbic acid. The essential oils of ginger and
peppermint exhibited a radical scavenging activity against DPPH radical with ICsp values of
7.870.56 and 93,005.75 my/L, respectively. The ICs values of standard antioxidants were
3.16 mg/L for ascorbic acid and 21.82 mg/L for butylated hydroxy! toluene (BHT).

One of the possible mechanisms of the antioxidative action is the chelation of transition
metals. Ferrous iron can initiate lipid peroxidation by the Fenton reaction as well as
accelerating peroxidation by decomposing lipid hydroperoxides into peroxyl and alkoxyl
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radicals (Halliwell, 1991; Deshpande and Deshpande, 1997). The obtained results showed
that the essential oil of ginger had high metal chelating activity, ICso value was 365.68 mg/L
while ethylenedinitrilo-tetraacetic acid (EDTA) as standard had ICs value was 18.32 mg/L
(Table 2). From the result it was evident that both the extracts possessed Fel™ chelating
activity and might play a protective rolé against oxidative damage induced by metal catalyzed
decomposition reactions (Dorman e/ o, 2003). In addition, Viuda-Manuel ef af. (2010) reported
that the ability of the essential oils from five spice plants in antioxidant activity by DPPH and the
ability to compete for binding to metal ions Fe¥ increased as the concentration increased.

Table 1 DPPH free radical-seavenging activities of peppermint and ginger essential oils,
BHT and ascorbic acid.

Substances 1Csp (mg/L)
Peppermint essential oil 93,005.75 £ 2,24
Ginger essential oil 7,870.56 £ 6.53
Ascorbic acid 3.16 £ 0.01
BHT 21.82£0.18

ICsp Concentration (mg/L) for a 50% inhibition.

Table 2 Metal chelating activities of peppermint and ginper essential oils and EDTA.

Substances [Cso (mg/L)
Peppermint essential oil 989.13 £ 5:09
Ginger essential oil 365.68 £ 5.67
EDTA 18.32 +2.53

ICso Concentration (mg/L) for a 50% inhibition,

The reducing power was determined by the Fe** being reduced to Fe**in the presence of the
essential ol (Ferreira er al,, 2007). The reducing capacity of a compound may serve as a
significant indicator of its potential antioxidant activity. Reducing power of essential oils of
peppermint and ginger as well as standard compounds  with increasing concentrations
followed the order, ascorbic acid > ginger essential oil > peppermint essential oil (Figure 1).
It indicated that ascorbic acid showed an excellent reducing power.

i

Gingor esserta! ¢f Pepeer mint 0ssenta o3 i

i

o oy i

.

Abrertbance ol 700nm
LY -l
.\\

Absorbance at 740 nm
S8 88

.

|
1
. : ;
o B o
E

concenysire fmal) zonzerirgtiers {3}
Ascorbic acid
)
E
£
)
R a
T
§ el e
g 4 z < 5 £ o »
-5 conceriavats (tal)

Figure 1 Reducing power of peppermint and ginger essential oils and standard (ascorbic
acid).
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Conclusions
According to the obtained results, DPPH radical-scavenging, metal chelating and reducing
power activities of essential oil of ginger was superior to thosc of esscntial oil of peppermint.
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