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Abstract

Lipid peroxidation processes are considered as the primary cause of soybean (Glycine
max (L.) Merr.) seed deterioration during storage. The aims of this investigation were to explore
the efficacy of peppermint essential oil (Mentha piperita L.) on enhancing the quality of soybean
seed cultivar KPS292 under accelerated aging conditions and to study the influence some
biochemical changes which took place within the soybean seed. The present investigation
consisted of four experiments.

The first experiment was to evaluate antioxidant activities of essential oil of peppermint.
It was shown that the half maximal inhibitory concentration (IC)) values were 92,856.82 mg/L
for DPPH radical-scavenging activity, 989.13 mg/L for metal chelating activity and 4,466.74
mg/L for inhibition of lipid peroxidation. Moreover, reducing power ability of essential oil of
peppermint with half maximal effective concentration (EC,)) value was 157,632.53 mg/L.

The second experiment was to study effect of accelerated aging on seed germination and
some biochemical changes of the soybean seed. Accelerated aging seeds at 42°C with relative
humidity of 100% for 0, 1, 2, 3 and 4 days exhibited germination capacity of 87.50, 85, 79, 47.50
and 39.50%, respectively. In addition, aging seeds performed increase of electrolyte leakage and
malondialdehyde (MDA) content and decrease of lipase activity.

The third experiment was to study influence of peppermint essential oil with different
rates of 0, 3, 6, 10, 20 and 40 pI/L for 24 h on seed germination and some biochemical changes of

the soybean seed during germination. Peppermint essential oil at the rates of 20 and 40 pl/L



v

remarkably reduced seed germination of soybean. However, there was no significant effect on
electrolyte leakage and MDA content at all essential oil concentrations. The lipase activity was
decreased at the highest rate at 0 and 6 h after sowing.

The last experiment was to study the pretreatment of soybean seeds with peppermint
essential oil at the rates of 0, 3, 6, 10, 20 and 40 ul/L for 24 h before accelerated aging treatment at
42°C with relative humidity of 100% for 3 day on seed quality and some biochemical changes of
seeds. The results showed that non-aging seeds (control) had the highest germination percentage
of 87.5% along with the highest lipase activity as well as both the lowest MDA content and
electrolyte leakage. In contrast to that of aging seeds (untreated essential oil) had the lowest
germination of 47.5% along with the lowest lipase activity as well as both the highest MDA
content and electrolyte leakage. Seeds pretreatment with peppermint essential oil at the rate of 10
W/L significantly alleviated the aging induced loss of the percentage of seed germination,
showing germination capacity of 70%. In peppermint essential oil treated seeds and then
accelerated aging, the rates of increase of MDA content and electrolyte leakage and that of

decrease of lipase activity were much less than accelerated aging seeds (untreated essential oil).

These findings indicated that essential oil of peppermint is responsible for antioxidant
activities of DPPH radical scavenger, ion chelating activity, reducing power, and anti-lipid
peroxidation. Accelerated aging resulted in a statistically significant decrease in seed germination
which occurred along with the increase of MDA content and electrolyte leakage and decrease of
lipase activity. Soybean seeds fumigated with essential oil of peppermint at the rates of 20 and 40
W/L remarkably reduced seed germination rate and the both treatments showed a little effect on
lipase activity. Seeds pretreatment with peppermint essential oil at 10 pl/L and then accelerated
aging significantly alleviated the aging induced loss of the seed germinability and the increase of

MDA content and electrolyte leakage as well as decrease of lipase was also slowed down.
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R +A —>» RA 3)

RO + A’ — 5 ROA (4)
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Lipid peroxidation Isiiluaisuiaoulaoad lad (MDA) vinuu@unsalnlousdnsnlu

Ja a

o aaa @ Y 3 A A 1
anneniad1s MDA aziihlfnsernunialnleousiysn dfluarsiidiionn TBARS

Y

) v Y
(thiobarbituric acid reactive substances) IHBIANEITANANAADUNUANNAINTO 1UMTTUE
.. . . ° 9 = Y A ~ A
lipid peroxidation @411/ vz lias@1as MM TAMIMITgAnAUIAINANEIINAY 532

o 4
W luwas (Ten r3zala nazame. 2549)

Y an N\ b = ' vy Y A A Aa
VDAUDIITNITH AB NINITANEINY TEAIN hlll@@ﬂiﬂﬂﬂi@\ill@‘ﬂlﬁ']ﬂ']aq

u
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)

naraaani ldmuaam % inhibition ANANNIT

% Inhibition = [ ( A A )/ A 1x 100 (12)

532 control 532 test sample 532 control

2.9.3.3 95 metal chelating activity (Dinis ez al. 1994) N153AANUEIWNITD IUNS
[T I ax & Aa 9 Y a o A
ngavuny Tavzdudsniandeylslumsminnuausalumsduesndiasuvosasi
Y I o o W 1 Aaan o Y a a
avamanadeoy sz Tang leosuiludimsding lumasalgisenhldnaasoyyadease
1 A 3 A ] E] A 24 o Aaan
A1 01N aesHa Taamwizsiquanioglugiinessa wie Fe aziinlfnsen
a v o a a g . R g
ONFATUAVDONFIU TUBIN A mmﬂumiwya superoxide anion radical (O, ) c'?mﬂumgu“a
' H ! 9
saszaisudunh liinaeyyaddszarpugae 1 daiudsnmsdannuawnsalunsugsdy
H Y H 1 v
Tane Fe' voaa13Ndedmsnadouiiy 01ds11nn3Iamn1sgananuaannueInaui se2
v i1 Y
nm Nifanas Taoiiiodud1s ferrozine a4l a1599z lldvny Fe’ uareglugil ferrozine-
2+ = Yt Y Ay = Vo o 2+
Fe’ complex B9z IR@nAg nazdensnassmsnadouinnuaunsn lumsugaduny Fe™ oz
g lu31 antioxidant - Fe”” complex #a29z 19 @1109904 ferrozine - Fe' complex 91904 Idiilo
lammsganauueaadnirlidruiam % inhibition Muaums

% Inhibition=[ ( A A )/ A

562 control 562 test sample

562 conlml] x 100 (1 3)
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2.10.1 NYUUBIU N UNDTLINY
¥ o I A A v Y & 9 =
Wiureussmoludsnaunianusudou luunasslsznoualroaisini
o Y a ' dy 1 < 2 @ 13 4
Husesria d1sdsznoumartidavaunainsatensonilu 2-3 Funanuaniesnilszney
%l v =~ d' ) v 3, U dy Bo} £ 1
yoerhurenszimesnuni lienunsadaas I lusumanril diniuveusziveanunsautiaenn
9 3 v @ dy
1811w 4 ngu @93l (John and Steven. 1993)
' J. 4 IS a I I3
2.10.1.1 ngunesilueea (terpenoids) Iuaissznovdunidniilnseadiuiu
Y A g v ' ~ . ~ ¥ v 2
iduase vielluramou Useneudlonmiaele Tawsu (isoprene) (MWN 2.4) AN 2 VYUYV
~ 1 = 4 [ ~ 3’1 1
luiFena1 mesiiulalasaisuou (terpene  -hydrocarbons) N135uNUVD4 1o TsWT UATLA 2

Y
wihevu il ldinanauuesansszneumesiluess

&
CH3 /C\
| )
& CH2 CH,  CHy
ATy 3
CH, @ n o
GH, = CHs
A B

mui 2.4 A loTwSu (C, H, ) 1ag B m3Aon Uiy head-to-tail Y84 10 Tawi 1 2 1itiag

130 John and Steven (1993)
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1 a a I a I
2.10.1.2 nQuuealAn (aliphatic) Wumslsznoudunid duilulalasmivou

o A

' = a < 4 ' J @ J
T#asa uazsunusnloonsawilueinllsznou 1¥u uvsanoaoa (alcohols), 9ad log

=) 4 4 A o 4 g’; 1 = d‘d
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Benzyl acetate
Benzaldehyde

Phenyl ethyl alcohol
Phenyl acetaldehyde
Phenyl ethyl acetate
Cinnamic alcohol
Cinnamic aldehyde
Amyl cinnamic aldehyde
Coumarin

Acetophenone

Methyl—B -naphthyl ketone
Diphenyl ether

Eugenol

Isoeugnol

Thymol

Vanillin

Jasmine, Gardenia, Ylang Ylang
Almonds

Geranium, Neroli, Rose
Hyacinth, Neroli,Rose
Geranium, Neroli, Rose
Balsamic

Cinnamon bark

Jasmine petals

Balsamic

Orange biossom

Orange biossom

Geranium, Rose
Cloves,Cinnamon leaf,Bay,Pimento
Cloves,Cinnation, Nutmeg
Thyma

Vanilla

fan: Uszinosds audes (2542)

2.10.1.4 e3vioud U mogNvesasvion lungudug awsnimuaas e
A A 2 s A A [ A Y o PR
2-3 wila a3 lulasnuiluesndsznouraisstialinanenanveuiniunenszioniiineg
a 3 o a o J Y Y o 1 /3 I
vegluiiuvenszivie aounsaduazuay lagnd luifSmannudududi 0.1 nledmud U
o a Q‘{ A @ 4 9 Id [
mahms luTasnuusgniviomsduasiziinldls: Temiluszaugaainssulunsilys
- a ¥ o a ¥ @ a ! @ J
U UM IZIMEIINABNNEA WINUaIUANLAz Y YN ANy arsnlgavesiilu
7 9 ¥ o ' < A Ay v v J o [l A
pentlszneunuiiesinnluiniurouszmonanuna I lunduinldvnindad dredrnvesdish
A o < 4 g o A 9 = ] 4
tgamesitluesnisznon wulumhiuvensziien laninnszifion Wamsa uag Ferula assa-
o s o 7 & I o
foetida L. imslFarsdunnzintigamlosiluodlsznovluszaugaamnssy Tunmsiys

v Y o .
HANUINU buchu, galbanum, blackcurrant L8 rose oil (Bauer et al. 1990)
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Azszunu (peppermint) i wayu Insiuihundunvanihniuvenszive og
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(Gulluce et al. 2007; Chauhan ef al. 2009; Kizil ef al. 2010) p9nlszneuNIuall Weoluana

¥ o an o Y 3 AL 9 A =
W UHoNISIHe a5 naua1911 39152 neUAl8a15UNea (menthol), aN IudU
(limonene), i Iny (menthone), ToTaasu Tnu (isomenthone) tiag 1, 8-¥1ooa (1, 8-cineole)

(711118 mad5auasna. 2550)
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Tseuus vazeuye naaeufsoumeudszansnmlumsaiuesngasuuesiiiurioy

JLMEAIIT free radical scavenging (DPPH) 1481 lipid peroxidation inhibition (TBARS) 3110013
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1 a s wa Y a F2 B - A 4 %’ o
nnayuInsuaazyia Inuauiadveyyadase 14 lumnu iiesninesddsgnou iy
HoWTLIHLARZFHAN 1N

a a =< a a I Y a

AYANI UTIAT UAzAUL (2549) AN¥1szanTaImmsiluaisaiueyyavass

% ] 1 [ A a 1A []
Vo911 U BNTLIMENANANANYIIAUS 5 ¥ia 1auA V9 (Zingiber officinale Roscoe) U1
v

(Alpinia galanga SW.) YNUSY (Curcuma longa L.) N3E¥8 (Boesenbergia pandurata Holtt.)

UALIITINOY (Amomum xanthioides Wall.) 1agn1@dunduLazMIanaal86I1azals 2 ¥iia

(petroleum ether 18 ethanol) @9])383% DPPH ua¥ B-carotene bleaching method NI

F H 1 { [
Y5 ANTNINVDIUMUNDUILININANAIN ethanol FINTINEANADIN petroleum ether LATNT
funau (hydrodistillation) IAge5anATINA AR ethanol (ginger-ED) Uaza1sanavanana
d‘ A 9 f 9 o aan [ Sldd' é =]
INNINAHADAIY cthanol (ginger-EW) d 10150141911 §3010D DPPH laangadelian
%scavenging effect 11NY 23.75 LAz 23.01 MNAIAL AIUNITNATOUAIYID P-carotene
v H [
bleaching method N3 AAAVIUFUNAAANINMINNMADAIY ethanol (turmeric-EW) azansana
Qy % d' [ : o/ g’/ aan a &% s)dd' 9

YUUTUNANARY ethanol (turmeric-ED) a1u13ndudlfnsereensiadiu ldangadosas 86.2

1ag 78.21 Mua1AL
o a o AaAan

Viuda-Martos et al. (2009) #1n153tA51z A ua@ w150 lun1sdaulnsen

a @ Y %’ @ o

panHATY 1ae143F 2,2-diphenyl-1-picrylhydrazyl (DPPH) U841 135 Uneus£1te91n Inw

(Thymus vulgaris L.), DYUNY (Syzygium aromaticum (L.) Merr.), 203011U (Origanum vulgare

L.), t&19 (Salvia officinalis L.) wag I15auns (Rosmarinus officinalis L.) G IC,, 10U 1.10,

0.38, 3.90, 4.20 ttaz 17.00 g/L Mua1ay

9
o w

Oke et al. (2009) ﬁﬂym‘w%ﬁwuam;ua%ﬁizmmumuwamzmamﬂ Satureja
cuneifolia NszFuauTuTY  600-1400 lulnsniuneiiaadans 1ao3T DPPH  radical
scavenging, Reducing power activity 1182 Metal chelating activity 52109 YSuavesnguiluea
ANy 185.5 luTasnSunelinaans

Joshi et al. (2011) ﬁﬂmqméﬁ’mawaﬁmmmﬁwﬁummzmﬂmﬂ Neolitsea
pallens, Lindera pulcherrima, Dodecadenia grandiflora, Persea duthiei, Persea odoratissima,
Persea gamblei 0% Phoebe lanceolata 1a©25 DPPH radical scavenging, Reducing power
activity 1a1% Lipid peroxidation W‘]J’j”I‘L%IWﬁI‘meJiszJﬁl”lﬂ D. Grandiflora W% L. Pulcherrima

=\

4 { 1 1 % a a 4
NgniMueyyaddsygefiqa 1ne35 DPPH radical scavenging 1A IC,, 1M 1A1 0.032 Haan5uy
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a A o v

aplaaans uag 0.87 Naaniuaeilaaans ANa1AY tag Lipid peroxidation HA1 IC,, (M1AY
0.44 HaaniudoNaaans uag 0.74 Naaniuaeianans MUaIAY

Singh et al. (2010) Fnp1gnsAUEyyad ATz uTuHENITMEnIN LAY o]
waz lUBeUYD Artemisia scoparia 1083% DPPH radical scavenging H1521AMMIT 25-200
lulnsnfuneiiaaans wulminiuvenszmennluauysaignsdueyyadaszunnily
GL)

Prakash et al. (2011) mIdnaEHi e s HmenNWEa taznaves Skimmia
anquetitia TnlosiFudvesnsaluiugaaziommeveensaluiu nazgnidmeyyadesy
vosmsasahnnuaaiaznagnihuniing 1z 1ag 2,2-diphenyl-1-picryalhydrazide (DPPH)
HAZRINTIUMITUVEY e d1sanaa 2 daunaasldiiuidasdmeyyadassluszdy
unang

a 4 a a
Afify et al. (2012) ladnenanssueu lsiaisdiueyyaddss uaznna lipid
o : A @ dyo/ IS o v @ o v¥ o o A J
peroxidation MijuarrialumsnusniiadueiaTasldhiniunoussmeninmung nudns
o A < 4 [ 1 ?,’ o ~ 1 ~
%3313 carvone A% eugenol 11U0IAYTZNBUNAN WU NUNOUTLIHININGHTT AN
Y 9 a A ) \ S o v o o Y v ¥ o
NUY 300 ppm TI01TDAANITINGA lipid peroxidation Tumsinusnyriaiudselaanininiu
MOUTLIMENINMUNGNNATMTUTU

Q‘{y a %’ %
Gursoy et al. (2012) ﬁﬂ‘lﬁ1@]T]‘ﬁﬁWuE]L‘liJ”ﬁﬂﬁi%ﬂJﬂQUWNUW@M‘i%LﬂEﬁnﬂ Salvia

palaestina Wag S. ceratophylla (L) 1ag3% DPPH radical scavenging, Reducing power activity

b4
o w

1 Qd a 1
1ag Metal chelating activity WUNUINUNOUISINYIN S. palaestina ﬁqmﬁ'mawaaﬁizﬁ
sEAUANUINTY 2 TadnSudeiiaaans A2e35 DPPH radical scavenging UA1MAY 80.57

J < o ~ [ Y 9 A Aa w 1 A Aaa Y as g .. =
L‘]Jf)'il“]ﬂ!ﬂ, NITAVANNUNVY 1 HAANTUADUDDAAT AI¥IT Reducing power activity U
[ J 2 d o v Aax J e ] £ 9 a
110U 0.362 1051%Ua d115UIT Metal chelating activity UliJWTJE]VI‘ﬁﬂ1§¢]1HE]1§3J“ﬁE]ﬁ§$
J 9
Rather et al. (2012) AnwgnIdueyyadaszuesiiunouszriennly
Y o . .
Juglans regia WU Wiureuszveanly Juglans regia 1a87% DPPH radical scavenging Y
g 1]
qmﬁﬁuwyaaﬁimﬁmﬁﬂmﬁﬂmumsmmgm Ascorbic acid (182 Butylated hydroxyl
toluene (BHT) N1 IC,, 1101 34.5 11az 56.4 lulasnsusoiiadans
< a 3 o
Singh et al. (2012) ﬁﬂymmﬁ’meuya@ﬁimmumuwemzmﬂﬁnﬂ
Eucalyptus citriodora #1833 Ferric reducing antioxidant (FRAP), Ferrous ion chelating activity,
' g o
Hydrogen peroxide, DPPH radical scavenging iei& Lipid peroxidation WUIUINUHDUITSIVYIN

'
Eucalyptus citriodora Hignsamoyyaddszegluszauiunanlugnmsnadou
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4 Y
Kulisic et al. (2014) 1dUsziliugnsnmsdueyyadaszvesiniuvouszimenn
a . Y an A 1 [ A a 4 =

003 M 1Y (Origanum vulgare L.) S3835NANA1NAU Ao AAT12HMIgadevns B-carotene

d‘ aan a % . . . a 4 9 aan
Mo INYNTe100NFIATUVN linoleic acid, IATIZHANNAIMTD TUMIAIUUHATO
a o ya . . a 4 o &
ponTBATY 1ae1435 2,2-diphenyl-1-picrylhydrazyl (DPPH), As1z1iANNa 1150 lun1sdues
A3INA lipid peroxidation W307% thiobarbituric acid reactive species (TBARS) 9910015

a0 A Y < ¥ A A a A a ..
318\1']1!ﬂ']5'35]ﬂ‘h’1‘ﬁ1‘ﬁu'31u1 uﬁ@ﬂi%iﬁﬂﬁnﬂW“ﬁNﬂi%ﬂ'ﬂ‘ﬁﬂWWiuﬂ’]ﬁaﬂﬂ’]ﬁLﬂﬂ lipid

3w a
peroxidation FLUﬂﬂlilﬂUiﬂ‘HWWﬂNa@ﬂ13ﬂ15!ﬂyﬁs
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1. Wsiuvenszivie 1dun WnfureuszMenInasszuny $0910UTHN 89899 100

0.9n52330 LAdUIHENA 2.nFUNNA
A Y I v o A o ¢ & dAav A

2. Wynaaen 1Aun waawugnunaosd1eWug KPS292 G nguditonasiniag
9 o
JoU 0.MUNILAY 3. uATLgY

AMqQY Y Y . .

3. m3ndNlF 14un ethanol 99 %, acetone, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ferrous sulfate (FeSo,), Ferrozine, phosphate buffer, potassium ferricyanide [K Fe(CN,)],
trichloroacetic acid (TCA), thiobarbituric acid (TBA), ferric chloride (FeCl,), ascorbic acid,
butylhydroxytoluene (BHT), phenolphthalein (481 sodium hydroxide

J a d QU il ) dq 2 A 4 X 1

4. insamadIngnaians 1aun Inined, 12150, clamps 17159, ¥1AITUTA, N
UAIAUAIT, NTSUBANIN, HADANYA, HABAIA spectrophotometer, HadANAADY, ITnsaua, 1
Tn31la (micropipette), NT¥ATBNTOS Whatman No.1, N33 103 Laziia

A oA a d—tyyhy- Al w A
5.1n509leMaInenmans 1aun 1A509TANITQANA UL IVDIAITAZ DY
(spectrophotometer, GENESYS20, USA), §A2UANN15103 a1 IaunIiay (growth chamber,
.2 =
Climacell707, UK), 819U1A3UANQUNYY (water bath, Memmert SV1422, Germany), é’@ﬂ
i ! v '
AU (dessicator), §OUAINSOU (hot air oven, WTB binder FD115, USA), 10304%30819
ALIDEA 4 AIKUA (Pioneer PA214, USA), IATDIHNANA15ALAY (vortex mixer, GENESYS
G650E, USA), 1A304nIUe15 (stirrer, FAVORIT ST0707V2, Malaysia), 1930919610717
) Y
UV NV (shaking incubator, Stuart SIS00, UK) Lﬂ%@mﬂﬂmﬂTWMWﬁﬂmﬂ’JlLﬂi (multi-parameter
analyser, CONSORT C835, Belgium) LtagIAT0UHI84a13 1AnALnoU (centrifuge, Universal
320R, Germany)
¢ A Y Yy v 3 v o 7 1 ' A
6. insarou q laun wileduwih, 1dvssia, ginsainienin, naeanaradn

A a A 9 a 1 a A A A 9
TAAYUNUNT VUIA 10x14.5x5.5 IBUALNAT, NADINATTANTIHAYUNUNT YUIA 13x18.5x6

mmﬁmm, Tl 1A 10x14.5x2.5 IFUAAT LAZASLUNTI VLA 10x14.5 IFUAIAT
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=
3.2 IEMINAae9
MINARed 1 Anklszansmnmsdiveuyadasz Yo RNNUHONITIMEINAIZUHY

L1 MsnagounNaNsalumsiuilnsenssnBiatu (Scavenging activity on
DPPH radical) ¥031hiiuHoNIZIHaINas IS UHY

111 35msmsiaanuannsalumsivlfisesendiaiv

~ 2., ' Y A

TN UINUNBDUISINYIINTSTSUNU WTNQUTNL%}NTUWﬁ}@Qﬂ15ﬁﬂHT
¥ a ¥ o A A 1 ) 1
azaﬁlﬂéll(!l@m']uaa ﬁ]’]ﬂui‘llﬁuu']uuwalligLﬁﬂﬂl@]ﬁ‘(’Jllul'ihlull@]ﬁgﬂq']ilLallllsuuclﬁa\‘]clucﬁaﬂﬂ
a Aa aa a Yy 9 4
G ERN L]Jill’]@li 2 Uaaand wuda1Tacaly DPPH atuuuvl 100 hhﬂﬂﬂmnﬁ aﬂuwa’i)@
Ax ¥ o ' y v A aa Y Y v o oA A A
NAANNUUTNUNBDU TSI UL ASAITNEUNUT ﬂ%lﬂﬁi 2 Uaaang Nmflmslnﬂm/m‘v}“]ﬁflm/nm
~ Ay IS A0 Qi A A A A
qumWQMWmL‘]Jm’Jm 30 UIN iNL!']ﬁ'lﬁaga'lfllllj')ﬂﬂ’]ﬂ’]ﬁﬂﬂﬂau!LﬁQW?Jﬂ'J’]?JEJ’]'Jﬂau 517

4 a 4 [ ac’ % [
wTuwas aaonsesadnlas 1 Ialiaes (spectrophotometer) 11 3 41 ufinfin1sganau

13 (Rohman et al. 2010)

1.1.2 M3tunKa azmnsIZiNan1sNAaos
ol 1 A Ay v o s 23 o Y
iaganaunaad la dumrlesidudanuamisolunisdiu
: ¥ = Y aan a Y %
@11ya DPPH (scavenging capacity) 1/3guMeunuannsnlumsamilgnsseensiaguniy

9 LP=N a ?:I @ o Q(
a1TUINTIIU Ulﬂl,!,ﬂ ’mmu@azmﬂiumﬂau aza1s BHT azatwluenivuea ATHIUGND

Y a

r'd
ONFAUOUYADAIZ (%) = [(A-B)(C-D)(A-B)] x 100

Taomviua

J A d‘ M Y o ana 1Y %} Y ]
A = Mganaunasved DPPH 1 i Idvinlfasenuiniunensgmenindzszum
B = fAgANAULAIUBI0NIUDA

] i o Aan v ¥ o 1
C = AgAnauNaIved DPPH nihignsennininiuvonssimeninas sgum

' ¥ o ]
D= ﬂ]ﬂﬂﬂaullﬁﬂﬂ]@QU”l‘JJuﬁmJiSLWEJi]"Iﬂﬁ%iSLLWLﬂHL@TI"IHﬂa
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'd
ihdeyagniaiueyyasase (%) llduumia Ic,, (mManududuyssaisaiu
a d‘ o Y a é é =Y a g/} 1
pyyaodszhlioyyadaszanainianilsrealsumeyyadasznaug) 11nns sz nag
! Y 9 %l ] 1 s 3 4 QO'S) a A
A1 log AU UVR I UMBNIZIMEINAT sSTUMULAzIlo S FUAgNE AU YYD Y 1o
% o d ' Y W (Y
wanuduiusuazaumaduasese i NuEtuTuYe T UNONTIMENNTE TEUHUND
2k ¢ Ly a
wesiduagnsmueyyadase

1.2 msnagauanuaaselunisugaduivlanslesau Fe' (Metal chelating

v

activity) YO QNAUHONILIHEDINTL TLUHY

1.2.1 35maanuansalumsugsdunulatizlosou Fe''

'
~ Y ' 9y

BIIUUITUNOUTLINEINTSTLUNU A1UANUTUTUNADINITANH
%{, a % 9 A A 1 Yy 9 U
azargluemuea Mnw@iTurensseneson 13 lunaazanududulaaslurasa
NAa0d Usu1as 1 Uaaaas uag@ueniuea U511a5 1.5 ¥aaaninoriaen ANE15aLane
[ [ Aa a J =Y a
moFadamla (FeSO,) anududu 2 iad lwa1s Usuias 50 lulnsans aslurasanaaes

9 a oA

[] Y Y o a e 9 J =Y a
wan livnuazAu®15a2a1e Ferrozine ANNMIUNYY 5 Haa lua1s Y5uas 100 "laﬂmam

AV ERIE kY

[ { ! a 3| kS
Tunasanaaes werdmmaulmdnuiui tnlundeNguuginouiunal 10 w1 1y

U

= o

vahamsazaieliianinisganaunaesiiianuednau 562 uilumas dramsodilnTas

T Tadines (Spectrophotometer) %1 3 41 1fufinAn13@AnaULLE (Rohman ef al. 2010)

Y d
1.2.2 mstuiinea 1azms i LtinanInaaey
o 1 A Ay Y o S 2 4 Y]
wmganauuasn la duaidesiuaanuaiusalunisugaiy
nuTave leeau Fe'' (metal chelating activity) 1/Feutieunnuainisalunmsugasuny lane
v Y 1 % %
looou Fe*' nuaisuaigiu An EDTA azatsluiinau duiannuannialumsugsuny

Tangloosu Fe'
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anuansalumsugasunulaneloeou Fe (%) = [(A-B)-(C-D)/(A-B)] x 100

Tagrmuald
1 A . d' m Y o ann 1Y % Ly 1
A = AgANAUNAIYDY Ferrozine 71 1) IavilfAsenduiiniunenszmeninaz szumii

B = A19ANAUIAIUDIDNIUDA

an [ @

' {0 (A 2 ,
C = A1QANAUNAIVD Ferrozine N1 RNTeNTuoNIEIMENINAS TPUNY

J 901 Y '
D= ﬂ']ﬂﬂﬂﬁdﬂ!LLﬁ\‘l‘lJ'E]\11!']11Ll“l/i'é]lli$Lﬁ8ﬂ1ﬂﬁ$i$i!ﬁu1ulﬂﬂ1u@ﬁ

9

ihdeyannuaunsalumsugatunulans leseu Fe' (%) lTuduramar 1c,, 310

50

' J Yy 9 Py 1 J (1
f‘liw\lig'ﬂ’JNﬂW log ﬂ’ﬂlll,"lJiJGlJ‘l!GUENu'liJu?iﬂiﬁglﬂfJiﬂﬂﬁ'Z5$Llﬁullﬁglﬂﬂil%uﬁﬂ31h’ﬁuﬂii‘l
Vo 4 v o Y ' 9y 9
Glummmwmiam"la@au Fe2+Lﬁammmauwummzfmmamumwzmwmmmmu

? o [ J < J " v W
mmumuﬁ@mzmamﬂﬁzszLmuﬂmﬂ@immmmmmmiummawunﬂam%aau

2+

Fe

= LM o W
1.3 ﬂ1i‘nﬂﬁﬂ‘ﬂﬂ’JnJﬁnﬂﬁﬂGh—!ﬂTidﬁﬂ?clf (Reducing power activity) UB3I¥INUiON

SUNYDINALILUKY

a (Y] a J
1.3.1 M NN UNITI A

= 5 Qo ' Yy 9 Ay =
PTYUUIVUNBUISIUHYINNITINALIZUYT U ATUANULVUUUNADINTITANEN
g‘/ a %’ @ A A 1 Y 9 '
agmﬂmamuaa mmuumnumuwomzmammau”lﬁ”lul,mazmmmmuiﬁaﬂuwa@ﬂ

naaed Y31as 1 Tadans Wua13azais phosphate buffer ANMTNTY 0.2 Tuars USuag 2.5

A aa a Jd J
UAaaAT LAsIANT1TAL 18 potassium ferricyanide [K,Fe(CN,)] ANUANTY 1 1o idud

1511035 2.5 Haaaas avlurasanaasd w1 lidnnu 1 luunouwnil 50 serusalEea

= ! . . . Yy 9 I 4
WU 20 W1 wag laa@15agane trichloroacetic acid (TCA) aANULUUIY 10 Woesisua Usuiag

A Aaa 1 1 Y 9 o o A A =
2.5 U009 Gluwaa@‘w@am LGUEJ'Iﬁ'JuWﬁiJGI,WL"U'Iﬂu m"lﬂmgumaﬂm 3,000 39U/UIN 1Wu

a1 10 11N asazangauuulsuas 2.5 Jaaans wuemuea Usuas 2.5 iaaans uay
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a d I o a A Aaa o 1
WuE1sazate FeCl, anmaudu 0.1 tosidua Usuias 0.5 iaaans udnirlduun
Ay ~ Y = o o A A A
gaMgines U 30 Wi MnuuIuhasazatellianinsganaunashinnuennaau 700

4 a 14 o ?_,' v 1
wTumas arensosan)nlns Il lalines (spectrophotometer) 11 3 41 uiinAIN1sgANG U

11579 (Rohman et al. 2010)

1.3.2 M3tuNNEa azmMINAZHNANINAR03

v K

TufnAIaanaULAINANEIAAY 700 U1 TUmas lf1uinuma EC

U 50

' ) Y a A o q Y A Vo
(ﬂ']ﬂ’l']iJL‘llZJ‘U‘L!‘U’E]\‘]t’Hﬁﬁ?ﬂﬂugﬁﬂﬁﬁgﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂ?ﬂﬂﬂﬁﬂllﬁﬁlﬂ?ﬂﬂ 0.5) ﬂWﬂﬂﬁTV\'
1 1 %I v ] 1 H
IETUINN log mmwﬂ’uﬂTmeumumenmﬂmﬂﬁzimmu ua:m@ﬂﬂﬁuumﬁmman
A A o v & 9 1 Y 9 901 v
fAau 700 uﬂumm WD IANUTUNUDUASTUNIILTUAIITEUINANUUNVUUDIUINUYIDUY

v 23 & - o~ '
53Wifﬁ]'lﬂﬁgigL!‘Viuﬂ‘]JLTJ’E]ﬂ“]fu@]ﬂ']’]llﬁ'lll'lfiﬂGluﬂ’lﬁ%ﬂ']%ﬂlﬁ]ﬂu’muﬂ@ﬂﬁ%!ﬂEﬁ]'lﬂﬁgﬁgl,l,ﬂu

1.4 mMsnageunNuasalumsfiumadail§dden Lipid-peroxidation ¥04

U

MNUONI LN TZ TZUHY

1.4.1 3EmsIannuannsalunsuil§isen Lipid-peroxidation
= [} Yy 9 Aa a 4
iwseu lnasaza1elu phosphate buffer AuIdNA Y 100 Had Tuats pH

4 9 v 1A @ 4 . < =
7.4 wald laanududu 25 nsuaeans wauldwnudlen3ed strrier 111927 30 W1H 1d2

b4
o w ]

wyadluvasanaasd U195 1 1aaans HAZATININNUNBNTLIHENALTEUNY AINAN

) g @

Ay a %} { '
Lﬂlmﬂluﬂﬁ@ﬁﬂ1ﬁﬁﬂ‘ﬂ1@361811&!@%11&0’0 N UULANUT uwamzmaﬁm’%aﬂﬁmmazmm

wiudulaaslunasanaaos Usuag 0.1 iaddas Auasazatomlasadamla (FeSO,) A

£ a A @ 1

D) s A ¥ ) a
YUY 1 Nﬁﬁiufﬂi aﬂuwa@ﬂmaawuumuwamzmmmazmmwmu ﬂillW]i 0.1

aa a

a o v { o I = o 4 Aa
uaaang wﬁﬂﬁ'z%’muuuﬁqmwnu 37 C L“lJ‘L!L’Jﬁ1 60 UIN UANINNUUIANTITAZANY

U

. . . y 9 s 3 ¢ (a A aa v
trichloroacetic acid (TCA) ANULUUIU 15 osiua Ysuias 0.5 Uaaaas aruale

Y A

- 4 A aa @ °
thiobarbituric acid (TBA) ANMWNTY 1 lasidud USu1as 1 taaaas waulmdnnuilddun

a

a 3 { {
gaungil 100 permuwaFed 1Wunar 10 Wi ndvyuiread 3,500 50U/117 gangil 25 o

G

= I == o [ U A A A
(eaLse e HJ‘L!L’J’QW 20 UMN ﬂ\iLﬂ’dﬁ’d$a1Elulﬂ’mﬂWﬂﬁﬂ@ﬂ’dull’dﬁ“ﬂllﬂ’ﬂn&ﬂ’mau 532 ’LHI‘L!

4 a 4 o %’ LY 1
was aonsosmilnlas W Tadines (spectrophotometer) 11 3 41 fufinAINsgAnA LAY
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1.4.2 miﬁ’uﬁnwa !!ﬁ$ﬂ1§%lﬂ§1$ﬁwﬂﬂ1iﬂﬂﬁﬂﬁ
o 1 A A ° P-4 Y
mﬂwgmﬂauum1/1"lﬁ"lﬂﬂm’mm1nJmm:u@mmmmmiumamuma

'
ina1§i301 lipid-peroxidation AU NBAIULN3 01 lipid-peroxidation
'd
9N uAsen lipid-peroxidation (%) = [(A-B)-(C-B-D)/(A-B)] x 100

Taofmuald
A = MQANAULENVOIHABANANBINILANTIAY FeSO,
B = A19ANAUUAIUDINADANAABIAIUANT l1@AN FeSO,

1 { so’ ) a
C = AMYANAUUAIVDIHADANAABINNIINUHONTZINY LAzIAY FeSO,

1 = A goJ v A
D = AganauiaveInasanaaoIniiiunenszive nag Iy Feso,

g
ihdeyagns lumsdmmsinai§nsen lipid-peroxidation (%) lufuramia I1c,, 910
"o 9 9 v g ¢ Ly N PRI S
N3 152 119a1 log ‘llfNﬂ'J']llL‘lJiJsU1!LLﬁ$L1Jﬂﬁ!%uﬂﬂﬂ‘ﬁﬂWHﬂWﬁlﬂﬂﬂaﬂﬁfﬂ lipid-peroxidation
4 o v J U %’ Y ]
Lﬁ@ﬁWﬂ'J'lllﬁiJWU‘ﬁllagﬁllﬂWﬂigf)ugl505$W31Qﬂ31ﬂl%ﬂ%}uﬂl@\3u1ﬂUW@N§$LW8ﬂ1ﬂﬁ$§$LH’YH

o J 3 4 Ly a aan 1. g 4
ﬂ’]JL’iJE]iLG])'uG]i]TI‘ﬁmuﬂﬁmﬂﬂg]ﬂ‘jfﬂ lipid-peroxidation
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2.3 MINWHEUNIINAAD
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v Y v
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nAAeUNINT121A1 N5 IUNERR (ANOVA) nazifeuifiaunuuana1aueamnag
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80 1)os1dua Haa1n WAL M8 malondialdehyde (MDA) Taguamaaliazidea 4

H o o ' . . . Y v P,
WIM1n 0.5 N5y ld@15a2a19 trichloroacetic acid (TCA) anutuuUu 0.1 wosiua (w/v)
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A iasazateauuy ST 1 1aaans 1Y thiobarbituric acid (TBA) ANMAUAY 0.5
S I 4 s I a A Aaa a

Woesidud (w/v) 1u TCA anududu 20 1o 1Gud (w/iv) Usuas 4 Haaans uaziay
a a aa o) 1 e

butylhydroxytoluene (BHT) ANMITUTH 4% (w/v) U313 0.1 Hadaas nuuusluii

a = = ES ' 3 I o A g A o A
QUNNN 98 BIAUFAITHE 1Y 30 1IN NNUULFHITIN UMW 10 wIn harsazaien

Qq U

a

9 X A ~ ' = ~ < A o
18T u o9 10,000 soUADUIT guIvinN 4 oeruaaiTod 1ual 10 wail hasazaie

dauulildamganaunasiilinnuenaau 532 uag 600 w1 luwas sensosdinlas 1 1a

a 4
UIMDT (spectrophotometer)
imganauuasn 1d lduaamnfsna MDA

1. AN TUYDI MDA (nmol/mL) = (A,,A,,/155,000) x10°

600

2. 5119 MDA (nmol/g fresh weight, FW)

= MDA concentration (nmol/mL) x homogenate volume (mL)/FW (g)
Tagmvual

' A A A
A, = MGANAUIAINANVEIAAY 532 W1 TUILAT

' A A A
A600 = m@@ﬂammmmmm’mau 600 uﬂumm

155,000 (MM ¢cm’) = A1 extinction coefficient Y99 MDA
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