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iaesdnn waresdlau wazlagnisauluin NMsnseilsunaiiuednsiuvesansainldis Folin-Ciocalteu colorimetric
wazgn 9T zvnaliesAvesansaialdds aluminium chloride colorimetric @3un15IlATIENGNEAUBYYA BaTEURIENT
annly 375 A Feric reducing antioxidant power assay (FRAP assay), 2,2-azinobis (3-ethylbenzothiazoline 6-sulfonate)
assay (ABTS assay) uaz 2,2-diphenyl-1-picryl-hydrazyl-hydrate assay (DPPH assay) N1536A318MUSUIU@15980 V5N
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Fanmnuiransadaneivvedlanuiiadanigesdlauiviuiaiiuednsiu wazUSuiarailiusedsiugeigamndy
199.05+0.54 fiadnSuauyaveInsaunadnsensuvesEnsania uay 170.60+0.88 ladnIuauyaveaaiesdausaniuvesansana
Audu drunsieeigrsnisinueyyadasenuhasatanetvveslamuislenueaiosas 95 dgnsdueuyadasy
Agn lnensvaaeugsAnueyyadasRI83s DPPH assay kag ABTS assay LA ICs, 111U 0.85£0.08 dadnsusieladans
uay 0.97+0.00 Jadnsuneliadans ANARU WAz FRAP assay oA FRAP value AU 4411.49+24.09 fiaansuves
wessadanindensuvesasain n1siinngvianduiusuuuiie fdusenineUSnuasesngranadinmiugnsiiueyya
faszvesansatavervvadlainunuinUinaiiuednsu wasUsunavaliueed saudianuduiusuusiunsaiugrsnisau
a aa sv  aa a a 3 = v o & Y £ v a a
auYadasE AT IwNAIE 8 FRAP assay Tuvasiuunamanluesaniuiianuduiusuusuniuiugrsnissnueyyadase i

AAT1¥9R85 ABTS assay
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Abstract
This research aimed to study total phenolic content (TPC), total flavonoid content (TFC) and antioxidant
activity of crude extracts of lichen Parmotrema gardneri (C.W.Dodge) Sérus extracted by maceration in 3 solvents
including 95% ethanol, ethyl acetate, and acetone and by decoction. Total phenolic contents of the extracts
were analyzed by Folin-Ciocalteu colorimetric method and Total flavonoid contents of the extracts were

analyzed by aluminium chloride colorimetric method. For the antioxidant activity analysis of the extracts, 3
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methods including Ferric reducing antioxidant power assay (FRAP assay), 2,2-azinobis (3-ethylbenzothiazoline 6-
sulfonate) assay (ABTS assay) and 2,2-diphenyl-1-picryl-hydrazyl-hydrate assay (DPPH assay) were used. The
analysis of bioactive compounds revealed that the crude acetone extract of lichen had the highest TPC and TFC
which were 199.05+0.54 mg gallic acid equivalent/g extract and 170.60+0.88 mg quercetin equivalent/g extract,
respectively. The analysis of antioxidant activity revealed that the crude 95% ethanol extract of lichen had highest
antioxidant activity. By using DPPH and ABTS assays, its ICs, values were 0.85+0.08 mg/mL and 0.97+0.00 mg/mL,
respectively and by FRAP assay, its FRAP value was 4411.49+24.09 mg FeSO,/g extract. Pearson correlation
analysis between bioactive compounds contents and antioxidant activity of the crude lichen extracts
demonstrated that a positive correlation existed between contents of bioactive compounds (TPC and TFC) and
antioxidant activity analyzed by FRAP assay while a negative correlation was found between TFC and antioxidant

activity analyzed by ABTS assay.

Keywords: Lichen, Antioxidant activity, Total phenolic content, Total flavonoid content

1. uni naudulevessmunsalnslaigninsn (Protocetaric

latau (Lichen) 1ud i #inflendoeagsiuu acid) uaznsnwens iz (Atranorin) luansnAeindn
58131931 (Fungi) Lagd@1 131y (Algae) w3olaunlu wazfulawunguiiadaAulauuudentst (Corticolous)
wuaiise (Cyanobacteria) lataudiuszlovinaiuniu wavuuii (Saxicolous) Tau (Lobe) nfeunenduilowdey
Igun M dusildSnanmornia Mduensnelsn 10w Wannsiiiaidedu usswuuoalaaUaouin 16-26 x 8-14
o193 M duddon Mnauimon 1nseoigTaglusa Lulasiuns nuerlndidy (Apothecia) S1uauunn dntn
Hudu (1] venaniddldansilanunanlududgatnld 9udi Weneaansinunadeulansenles (Potassium
nsheansiilatuaina 3endn anslaiay vioamiend hydroxide) vutumdadudndsududivdedou [d]
(Lichen substance or secondary metabolite) anslanuil (Figure 1)
fivsglertaghanndenisinwiuszansnwlunissuds TrsmaifediifagUszasdifleAnuuzinaituein
wuAfise uazides snenuiRuindwsnlude.a. 1944 391 (Total phenolic content) U3uauWalauaed i
Funvansduinisaiyivlnvosuuadite Werolsn (Total flavonoid content) wazgnid1uayyadass
oy Tnefifemesuimuaslanusiome 27 sia (Antioxidant activity) vesatsadaveruveslainy
nlawau 42 vda IﬂEJﬁmsnmamsé’u&wmﬁagmmﬁa Parmotrema gardneri (C.W.Dodge) Sérus 34afnlag
wWuANLSe wudﬂmsaﬁ’mmlamué’uéu'qmim%zgsum asudludavinazany 3 ¥da loun Lenusaiesas 95
Staphylococcus aureus, Bacillus subtilis, Proteus vulgaris (95% Ethanol) Leiaex@an (Ethyl acetate) wazosdlnu
wa Alcalisenes faecalis witldlanunsaduds Escherichia (Acetone) uazlasnisdului Tnonisiasiziusunm
coli ¢ [2] wazlatrudiulngarusandnaisuseneu Auednsauld3s Folin-Ciocalteu colorimetric wazns
fiuadn (Phenolic compounds) sansusznaufiuedn Arszinaliuesaldds Aluminium chloride colorimetric
vanesaiignilunisiueandiady (Antioxidation) Tng dunsnaaougnsiuoyyadast13s 3 35 fe Ferric
miﬂisﬂau?\luaaﬂ%ﬁmﬁ’lﬁﬂ°ﬂﬁ'maﬂg§gjaaa'§5 (Free reducing antioxidant power assay (FRAP assay), 2,2-
radicals) wazloseuveslavefianuisaianis WaUnATen azinobis (3-ethylbenzothiazoline 6-sulfonate) assay (ABTS
pandnduvesluiiu uenaintuansusznauiiueanddld assay) kay 2,2-diphenyl-1-picryl-hydrazyl-hydrate assay
Wensauevawnstaeldiluasiuiilédnde [3] (DPPH assay) 4ana1nigeiinsisiananduiussyning

lawauaiin Parmotrema eardneri (C.W.Dodge) qwé&'wuaqgaaaisﬁuﬁmmaﬁaanqwéwn%amwiu
serus Wulaungulnalea (Foliose) wuge3ide (Soridia) ansaffalaiau eludeyafiugiu uandunuamaums
wazdide (Clia) UShmveu Fuwdadt (Medulla) Tidu Tduszlovianlanulusuian
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Figure 1 Foliose lichen (Parmotrema gardneri)

2. Ta9 gunsaluazisniside

2.1. @9iadl

d@15u1m5g1unsawnadn (Gallic acid) laain
Sigma-Aldrich, Germany; @154195§1UNIALBAADITUN
(Ascorbic acid) 1@ a1n Sigma-Aldrich, Germany; @15
wuinsgrIulnsasnd (Trolox) 1aan Sigma-Aldrich,
Switzerland; @135u105§1UAID3TRY (Quercetin) 193N
Sigma-Aldrich, India; @15u15§ 1 a3 Tadae
(Ferrous sulfate : FeSO,); @19a¢a18 Folin-Ciocalteu
15910 Merck, Germany; @15aganglaiiguA1suDLUM
(Sodium carbonate : NaCO,); ansavanergiifionnaslsn
(Aluminium chloride : AlCL); Tatufiadanenlen (Dimethyl
sulfoxide : DMSQ); 2,2-diphenyl-1-picryl-hydrazyl-hydrate
(DPPH) 1¢ia1n Sigma-Aldrich, Germany; 1a33naaslsa
(Ferric chloride : FeCl,) wag 2,4,6-Tris(2-pyridyl)-1,3,5-
triazine (TPTZ) 1¢ia1n Sigma-Aldrich, Switzerland

2.2. dredslalauuaznmsinssuasanaanlanu

segnslawau P. gardneri tiulaannUisssuen
Uiy 31nYU1gNsNTIUNLeIge aneruedgs Janin
YnAm13 didaegdlaruufnuidnyuenisdugiu
e laseadenelu LLaxmﬂamuLﬁaizwﬁmaq
”Lamw?igﬂﬁaq [2], [5], [6] wazthusnwisnasidlawmuiu
fr08198 198 lufiRsSusiidafiiigninisen ams
AnerAans unninendeumansany antuifiedis

' £

lanuluauigaumgil 60 ssmieaidua Tidieeauis i

[N

o ' v & & a 4 & X da
maﬂ’lﬂal,ﬂuu’mmﬂuﬁzjul,aﬂ ] LWDLWHWUNNIAUNTAU
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Favhavane Yreiiuuszaniamlunisada laevinng
anm 2 3% Av 1) N15UY (Maceration) Tu@avinazane
Bun3d 3 wila laun Lenusaieas 95 (95% Ethanol)
Lo¥iaazan (Ethyl acetate) wazozdlau (Acetone) lag
Fageg1a 10 n3u Tdvanarniiddviavas 150 Daddns
wishegradunan 24 $alus anndunsesansaingae
N32A1NT89 Whatman Lwes 1 ldvingusu (Duran tube)
e 3 ada 2) nsdaludh Decoction) Tnetdagns
10 n¥u Wéalutindu 150 fiadans Wuan 30 uad
N384AIENTEAIYNTOY Whatman tuas 1 ldvingusu
W1 3 s thansataildannteaeizluszimedari
azawaaﬂﬁ’mm%m Rotary evaporator (§'u Hei-VAP
Advantage f%e Heidolph) anifurhansadaluinly
WHadaeLAdes Freeze dry ldansafmduns Fevmedn
waznulilugelnadnliludaamg 20 semwadea

Winthludnszvddunaussly

2.3. Mmaszidiunaiiusansiu

N5LATIEAUTUIMAYRANTIN (Total phenolic
content: TPC) T438n"sfidauuaseannisves Dunkhunthod
and Sittisart [7]

N13a59NIINNINTFIUVDINTARNAAN (Standard
curve of gallic acid) ¥lag U1a1582a18019551UNTA
wNaanNANNLTNTU 0.05 Aadnsusaliaddns N13999
frethndultianududu 0.005, 0.010, 0.015, 0.020,

0.025, uag 0.030 dadnsSusaliadans annduwn

A13AEA18UINTTIUNTARNATNIAAEAMUTNTY UTUIRT
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1 faddns vufvindudsuins 1.5 fadans (i
ansazane Folin-Ciocaltue phenol reagent fidududas
Az 10 USu1ns 0.5 Aaddans e litiu waaliu
a1sazareluisunsusiundutuioyay 7.5 Usning
1 finddns wehlvasavanenauiugansl3lufiiin 30 wi
asazarslufadinisgandunasiinaiueiniu
760 wrluluas (OD 760 nm) fa8Lades UV-Visible
spectrophotometer ‘1/|°1ﬂ1§1/161618<16??1 3 ﬂ%\‘i WAINI
A1lade YiAn1sgandunas uazaudutuves
miazmammgmﬂmLmaﬁﬂmﬁaumwxlmmgwul,ﬁa
ldms1grusunuansusenavilueanluaisaiavenu
voslaiAune
MTIATIEAUSINuEsUsEneuTuednsauluans
anavenvvetlarurnlagnssuasavaneognslany

AUNTY 2 nSURadns USuins 10 Naaans Ul

1Y

a1sazatguiaaemietinndulitaniududu 0.01, 0.02

o 1 a

way 0.03 daansusalaaans anuudId15azae

o

Yethslawuiieienliun 1 faddns uvhaudunou
Fefinanundefumieufivhifuasazarsanasgiunsn
wnadan Tmnaaesn 3 Ads udmAnade THIEMsE
AMTIATZRUTUIUAITUTEN DU UDANTINVDIATANR
Tanuitldannisaineneisnisens 1
Ysuraiuednsiugnieaulunulsiadniy
augaveInsALNadnAeniuvesa1sana (mg of gallic

equivalent/g of extract #se mg GAE/g extract)

2.4. msaanziviununanliusensau

ATz suTuraunalauseasin (Total
flavonoid content: TFC) 1433n157idauUatainiives
Yayinie et al. [8]

N158519N319MUINIFIUVDUAD5TAY (Standard
curve of quercetin) YlAgtNaNTaZaELUIATFILAIDTTAL
mududy 0.1 fadndusieiiadans udonedeingu

v

Tisiaanandudu 0.005, 0.010, 0.015, 0.020, 0.025, uay
0.030 fadn3udefiaddns anduiiasagateuasgu
WIBsTRULARZANNTNTY USung 1.5 Taddnsuiu
asavawevaliflounaslsn Wuduseuay 2 Usuns 1.5
fiodans Wluwglfasnaudueordoman feslilui
fin 30 wifi Tarnsgandunasienuemady 425 wluisms

(OD 425 nm) ¥NNSTN9aaeEn 3 ASI waImALedy Y1an
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NIAANAUKAILAEANNTUTUVDIAITALANUINTFIU
WIO3TRUNNTBUNTNNIR S TIT AT 1R T
anluessluansanavetvveslamusaly
a 6 a I3 (7
AsIAsIzrUSUnaraliuesasulugisana
yeuvadlamurinlagmssuasasaesiag1elaimuaIy

WU 2 nSusedns Usums 10 Sadans Wia1sazaieun

[

Beanedretnduliiiaududy 0.01, 0.02 uay 0.03
fladnsudefiadans antuansazansdogrlaaud
wiswln 1 Sadans svihmuduneusiinanundiedy
willeuivinAuansazaensgiueosBau vhnmeaos
$1 3 ads udamAeds 19380158 lun133Ase9
Uunamanlauesssiuvesansatalanuiilaainnisaia
PIBIBTNIIANN 9
Yunalahueeasiugnaeailumieiadniy
AUYAVRUAIBIBAUABNTUVIATATA (Mg of quercetin

equivalent/g of extract #58 mg QE/g extract)

2.5. ManadauanIRLoyYadaszAI3T FRAP
assay

ns@nwquiiueyyadasedies FRAP assay
1435n157nauUata1nITues Youn et al. [9] n15i038u
a15aza18 FRAP reagent ylngnauansazaie Acetate
buffer pH 3.6 A1 NTY 300 Aadluais (mM) Au
@1588a18 Ferric chloride AMuLUNTY 20 Aadluans
hazaIazany 2,4,6-tri-2-pyridyl-2-triazine (TPTZ) AU
Wutu 10 Aadluais ludnsidiu 10:1:1 aua1AY
ntumIevarsataneivaeslaaunnududy 100
lulasnfusefiaddns luarsazareiildadiafogiald
AU NTY 0.1,0.2, 0.3, 0.4 Way 0.5 Jadnsuse
faddns Wrarsanavervveslainuunazau g
Y3195 1 Taddns ldluraonnnans wagiiu FRAP reagent
U3uns 1 Tadans yaviaen vudislidunan 4 wiit uda
ﬂwlﬂ"j’ﬂmmi@mﬂﬁmmqﬁﬂ’;mmm?m 593 UNluLUAS
(OD 593 nm) #281A3 89 UV-Visble spectrophotometer

' A

¥msvnassen 3 ads ﬁwmmigﬂﬂammﬁlé’lﬂLﬁauﬁ’u
n3uInsgIuvesesTadame (Standard curve of
ferrous sulfate) wdau1A17laum U duAT FRAP
value TumhefiadnSuvesnessatamndansuvesasann

(mg FeSO4/g extract)
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2.6. miwﬂaaqu’éﬁﬂua%aﬁaszﬁqsﬁ% DPPH
assay

n1sAnugvddueyyadasedi35 DPPH assay
T438n57idAuUasaniZues Wannawet and Thiangphet
[10] Fevilaewmdeuasataveruveslanulueniueald

a a o

fanudntulugng 0-5 (0, 1, 2, 3, 4 waz 5) Taaniuse
fiaddns thansatavedlawnuiiwdeull Usums 1 Haddas
NANAITAray DPPH Aududy 0.1 Jadluang
U3 3 edans wewanlidniu 3 unit deialilud
fafuan 30 il udniluindnisgandunasdiaay
£73PAY 514 wiluians (OD 514 nm) thAnspanduuas
I#sunmiosazvesnsdussouuadasy (% Inhibition)
FREUNT

% Inhibition = [(Ac - As)/Ac] x 100

dle

Ac = Amn1sganauLasesnaIuni (ldilansardn
yoslaiaw)

As = AIN159ANALLAIVEIYANITNARDITTIANS
annvetlaau

111 % Inhibition LAZAMUTUTURANN ¢ VDA
annvaslaiauluasnansml agmaunis Linear regression
equation 9MnNSNFINE e A aududy
yosansanafisudieyyadaselfanadld 500 (The half
maximal inhibitory concentration, ICs,) ¥1n15MAa04
$1 3 a%e lunsneaediilinsaueanastn (Ascorbic acid)
Afianudauduludag 0-0.025 (0, 0.005, 0.010, 0.015,
0.020 waz 0.025) fiadnsusefiadans [Wuasunsgiulu
mswSeulisunvisiueyyadass

2.7. ManadeUUBRIUaYYaBaTEAI833 ABTS
assay

n1sfnwIqniueyyadasedieds ABTS assay
1438157 fnutannnizues Lertcanawanichakul et al.
[11] Fa50nn1sHaLaITazae ABTS Aanududu 7
mM ffUg@15asa18 Potassium persulfate AT UT U
2.45 MM §re8ns1dau 1.2 auaiy vuiald 12-16
$2lus Bonarsazanslédn Stock solution 911y
wasnasananeuvedlaimululeuealidanuidudu
Tua39 0-5 (0, 1, 2, 3, 4 way 5) Aaansuseliadans un

ansanaveslauiiesaul’ Usuins 20 lulasans uudu

30

Stock solution U319 180 lailasdns Uslifigumaiivies
Tuidiadunan 10 wiil wdnhluiadinisganduuasd
A1UB1IAAN 734 uiluiuns (OD 734 nm) ¥1AINIS
aandunasiildmuinaniesasvosnisdudsoyyadase
(% Inhibition) As&uINTS

% Inhibition = [(Ac - As)/Ac] x 100

e

Ac = mnsganauuasesnauni (ldilansardn
voslaiau)

As = A1N1RANAULAIVBIYANTNAADITTANS
annvadlaau

111A1 % Inhibition LAEAMUTNTUAN 9] VOIET
anmnvaslawruliastans i waymaunis Linear regression
equation 1S MFINE"7 diethunldmaraadudu
vosasatniisudeyuadaselianatld 50% (The half
maximal inhibitory concentration, IC5) ¥1n15MAA84
$1 3 afe lunsvaaesiilélnsaend (Trolox) fifiaa
Wudulugag 0-0.10 (0, 0.02, 0.04, 0.06, 0.08 wag 0.10)

2.8. M3aTzvidaya

%aqﬂamﬂmwmaaﬂﬁwmLLam‘Lugﬂmaq
Anade+SD (n=3) waziwsreidaalusunsy SPSS
Statistics version 26 isgfuAa1udeiuseay 95
(p<0.05) NMFAATIZNANLYTUTIUVDINANIIVAADI LY
One way ANOVA Lazn153tAS18AAUEUNUS T804
Usinailuedngiu Usunamailiueun s Laganuause
Tumsinueyyadasgldnsiienevanduiusuuuiiesdu

(Pearson correlation)

3. NAN15I98UAZRAUTIINANTTIVY

3.1. Sevaznananvasasanavenvanlaiau

nn1sanalalau P. eardneri a18350156019 9
wuihmsatagaenisdaluiidune 30 wiilitesay
yoanandn (% Yield) 11nflgn sosasndo nsadadie
nsualuesdlau len1usasesas 95 uaziefiaasIan
audU (Table 1) msaradensaluthuenainazle
Yovaznandnuiniigauds fududviazarsiiaiy

Yanasy waglidufie
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Table 1 Percent yields of the lichen crude extracts from different extraction methods

Extraction methods

Color of crude extracts

Yields (%)

Maceration
95% Ethanol
Ethyl acetate
Acetone

Decoction

Brownish green
Brownish yellow
Brownish green

Pale yellow

7.55

3.83

1541
36.70

3.2. msaaszslsuiueans

1INNTIATIERUTLIUA AN N YA TAR
nlawnu P. gardneri fiaftndae3sniseng q lud nsug
lueymueaioeay 95 Lofiansdan axdlnu wavnisaulu
N WguAUNTINUIATEIUYRINTALNATN INAUNTT
y = 29.35x - 0.063 A1 R? = 0.9873 (Figure 2) Lag
Tenunalumheiadniuauyavensaunadnsieniuves
ansana wuansanamgesdlnuiiusunafiuednsiuuin
figm winfu 199.05+0.54 fiadnSuanyaueansnunadnse
NSUVDIENTENA JsasNNARETENAMBLEYUDaTRYAY 95
ofiaesdian uazn1sdu Auadu (Table 2) n157ians
afndaeodlauiiviuufluednsinuiniige 819

Weananauaudinisiduiviazaieiifveesdlau ¥

y v
Ao

Juluananfvisdnifidn (C=0) wazdwdilidds (-CH,)

Soildanunsaadaldneensifiva uazlifidh luvaiisn
vhazaneiluinazadaldiiesansides wieldiidhedns
Tpeghmilavindu nansnaassiiaonadesiunidein
n1sane Foliose lichen 2 aila Ae Pseudevemnia furfuracea
Wag Evernia prunastri nuszmaludanln (Morocco)
puAviazateviinfs o wdmunasainneezdlau
fiUsnailuednsn wazUSunamatlauesdsasniign

(12]

3.3. msanzsdsununanliusensIu

NANTUATIZRUTUIUNANIUDEATINYDIETS
aftavevannlawnu P. eardneri fiafadieisnsmng
Toun nsusluteniusaiouay 95 Lofiaesdian oxdlau
wazn1sdaluth WieuiunsmunnsgIuveanIesafy 110
AUN13 y = 30.206x - 0.0603 A1 R? = 0.993 (Figure 3)

o

wazenuNaluniheliadnfuauyaveunlnsinutensu

31

YpsEnsann nunansanameasdlauivsiiavailiuess
smuNTian AU 170.60+0.88 fadnfuanyaves
1MBSTAUABNSUYDIENT T0IAUNABASENAAIUIENIUDE
Sovay 95 Wfiaerdan Lazn1SAN ALAaAU (Table 2)
nsnaassillnalulumaisafunisiasiziusuna
fusdnsuvesansatanervanlaweuiinuinisaiasie
nsudluesdlnuvinlrlausunauiuednsiu wagUsunm
Wmhuaaﬁi'guﬁaﬁqm wetoradumsizozdlaudmiu

v o

Fvhagaefifnumanailina1nandisiu nanismeaos
faenndostunuidesinuiinisata Foliose lichen 2
¥ia AD Pseudevernia furfuracea Wag Evernia prunastri
mgezdlaulnusunaiiuednyiy wazUinnu walliuses

FwENan Weeuiumsaiaaiefviazaieau [12]

assay
INAITNAABUYNTAIUDYYADATL VDA TN
nevveslauiannnleisn1seng 9 f1e75 FRAP assay
= o 6 o
WMyuNUNSIMUIATIIUYBUN DI TATaLNA 91NFNNIT
y = 0.1497x + 0.0826 A1 R? = 0.9914 (Figure 4)
WA 89uRaLduA FRAP value Tunilefiadnsuvea
wesadanransuansadin nuinansadalaiauaie
a

nueaiesar 95 dansiueyyadasziingn sean

Foasannnieesdlau N13AY Laviefiaosdien (Table
2) HansVRaBtaeARdBIRUNUITe AN Tinuinans
anamstenueaveslawy Parmotrema grayanumhas [13]
waglawmu Parmotrema reticulatum [14] SaNuaInsa
Tunnsiueuyadastléfifigaainnisnaaeusies FRAP
assay Inglainuisaossindanarndulaiaunguinalos

wuigatulawmuillunisdnendl
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y = 29.35x - 0.063
RZ = 0.9873

OD 760 nm

0 0.005 0010 0015 0020 0.025 0.030 0.035

Concentration of gallic acid (mg/mL)

Figure 2 Standard curve of gallic acid

0.8 y = 30.206x - 0.0603
RZ= 0093

OD 425 nm

0 0.005 0010 0015 0020 0025 0030 0035

Concentration of quercetin (mg/mL)

Figure 3 Standard curve of quercetin

1.2

1.0
y = 0.1497x + 0.0826
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Table 2 Total phenolic contents (TPQ), total flavonoid contents (TFC) and antioxidant activity analyzed by ABTS,

DPPH and FRAP assays of the lichen crude extracts from different extraction methods

Extraction methods TPC TFC ICs IC5, FRAP values
(mg GAE/ (mg QE/ ABTS DPPH (mg FeSO,/
g extract) g extract) (mg/mL) (mg/mL) g extract)
Maceration
95% Ethanol 112.10+0.34° 144.55+0.83° 0.97+0.00¢ 0.85+0.08¢ 4411.49+24.09°
Ethyl acetate 89.04+1.04¢ 3.75+0.03¢ 4.68+0.03° ND 523.36+2.78¢
Acetone 199.05+0.54° 170.60+0.88° 2.53+0.00¢ 3.81+0.02° 4349.14+16.81°
Decoction 1.81+0.01¢ 0.46+0.01¢ 3.70+0.04° 3.41+0.00° 1053.75+3.36°
Ascorbic acid - - - 0.015+0.00 -
Trolox - - 0.055+0.00 - -

Means in the same column with different superscript letters are significantly different at the significance level of 0.05.

ND = not detected

3.5. NMsvAgoUNEELBYYABasEAI835 DPPH
assay

MNNTIATIEvEiiueyyadaTeiieds DPPH
assay ¥99@15@inanlalau P. gardneri A1818M1UDa
Sowaz 95 Lofiaazdem axdlau Wazn1IAN WUIIETARR
nnlawnuitadadsleniueaiosas 95 fqniduoyya
5633@3‘7‘@@ TawdlAn ICs, 1WNAU 0.85+0.08 Hadansuse
1adanT 509090778 @13aANAI8N19AN LazosTlau
Tuvnegiiarsatadioofiaesdanliaiuisataails
(Table 2) A1 ICs, AuUlAAINAUNIT Linear regression
equation fiwanslu Table 3 Tnsunuen y ¢ae 50 Tunis
wmaaqﬁwﬂmLLaaﬂaéﬁmﬂua”ﬁmmgm Faduansii
I§¥umsBuduinsiqnidueyyadasy 3dduasauny
WWauan (Positive control) 193n13NA80 910013

e

naaesnuIINIALeanesinlgrsiueyyadase lnuien
ICs, t¥11AU 0.015 Haansusialiagans (Figure 5, Table 2)
nan1sNnanthaenadeiuuAsefiduaninuinans
annneeniueaveslawAu Parmotrema grayanumhas
[13] wvalalAu Parmotrema reticulatum [14] Wag VD
lawau Xanthoparmelia conspersa [15] ﬁqw%‘(@hua%a
figagnilenssuiisuivansadasieiniazaissindu
a814l5An 1y Pavan et al. [16] S1EURANITNARO T
uana1seenly lngnuinaisannnigezdlauainlainu
Parmotrema tinctorum ﬁqw%‘ﬁmawaﬁai:gqqmﬁa

Wiguisuiuansanaseiyinasanesiindu
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3.6. NMsVAGEUNIALBYYABATEA LT ABTS
assay

MNMTIATITAGNIF L YYadaTziaedT ABTS
assay 98981581 A91nlalAu P. gardneri A8L8NUDA
Joway 95 LeViaeyTian oxdlau uazn13AN NuIATain
Mnlawuiiadadoieniusaiosas 95 fgnsdueyye

a =

daszgengn laeddn ICg, Wiy 0.970.00 dadnusie

1addns s09meuAD a1sadinrlgasdlou N15AY uaz
liiaozdmn (Table 2) A1 ICs, A1UIULAIINALNTT
Linear regression equation fiuansly Table 4 Tnguny
A1y #e 50 luntsnaaesiliinsaendiluarsuinsgiu
Fafuansitldsunisuduinfignisueyyadasy 414
Juansmauauilsuan (Positive control) Y0IMINAResl
Mnnnsnaasswuilnsaendiiqnsduoyyadasy Tned
AN IC5, WinAu 0.055 HadnJusialiadans (Figure 6, Table 2)
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a a
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nsiusyyadasyinvzgnadialanniefiviag a1l

g9 Wy 11 wazleniuea viniSeenuauaudRnisl

9

ee Ree

=]

7
(Polarity) dnduansiifidigegn sesasmnduieniuea
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Figure 5 Graphical representation of antioxidant activity of ascorbic acid

Table 3 Linear regression equations showing the relationship between % inhibition

(from DPPH assay) and concentrations of the lichen crude extracts from different

extraction methods

Extraction methods Linear regression equations*
Maceration

95% Ethanol y = 63.16x — 3.4632; R? = 0.9916

Ethyl acetate N

Acetone y = 13.593x — 1.7489; R? = 0.9908
Decoction y = 15.791x - 3.8148; R? = 0.9908

*y = % inhibition; x = concentration of the lichen crude extract

N = no linear regression equation

70
y = 314.32x + 32.703

RZ = 0.0074

g0

50

40

30

% Inhibition

0 0.02 0.04 0.06 0.08 0.10 0.12

Concentration of trolox (mg/mL)

Figure 6 Graphical representation of antioxidant activity of trolox
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Table 4 Linear regression equations showing the relationship between % inhibition
(from ABTS assay) and concentrations of the lichen crude extracts from different

extraction methods

Extraction methods Linear regression equations*

Maceration
95% Ethanol y = 44.115x + 7.0729; R? = 0.8681

y = 14.773x - 19.083; R? = 0.9723

y = 12.657x + 18.006; R? = 0.9971

y = 6.8824x + 24.49; R? = 0.9766

Ethyl acetate
Acetone

Decoction

*y = % inhibition; x = concentration of the lichen crude extract

3.7. MsATIzRANNRUNLS YR sUSHuuedn Wiy 0.000) MILEIFU B9A7 p-value VIIaDIAIRINET2]
394 Usuaumanliuesnsiu uasqnsaiuayyadese A1eendn 0.01 wansliiiudiaisusznouiluedn

' o

ATIATIZRANUFUR UGV IUTUUA U AN T waznaluesmduansifidruddeyivilfansadnves

Ysunaulaliuesdsiu wazgnsdiueyyadassvesans

< o a a

afiaveuveslainy P. gardneri Inggnsiueuyadase

UU1AT1EALAUI1INN1TNAADUAIBTDTNNS 3 35 Ao
ABTS assay DPPH assay ka% FRAP assay 91 Table 5
wuUsHuduedns N wazUsurunaliusensau
wonanagfimuduiuduusiunssdetunas fuuda Tned
AERFUN UGN 0.837 (p-value Winiu 0.001) &
Awduiusuysiunsstugvddueyyadassilinsie
718735 FRAP assay (A1 FRAP value) Inofaandunus

o

WU 0.740 (pvalue WU 0.006) wag 0.987 (p-value

lawnuiignidiueyyadass Tnsqnidiueyyadass (An
FRAP value) 9giiad uasuSunafluednsau wazuSuna
Warlwessswiiiuty wenanidain Table 5 Hawudn
Uinaslahuessrufianuduiusuussndutugrisu
ouyaBasHiiATILINYAT ABTS assay (A1 ICy) Tnedidn
anduiusvinfu -0.826 (p-value Wiy 0.001) Fad
p-value fsnandatiesnin 0.01 wansliiiuinen ICs,
flgannIsieseieagds ABTS assay dzanas @wnedia
qisFuoyyadasygeiu) muUTunvesialiuesdil

RTEE]

Table 5 Pearson correlation between bioactive compounds contents (TPC and TFC) and antioxidant activity

analyzed by ABTS, DPPH and FRAP assays of the lichen crude extracts

TPC TFC ABTS DPPH FRAP
TPC Pearson correlation? 1 0.837** -0.408 0.057 0.740**
Sig. (2-tailed)P 0.001 0.187 0.885 0.006
N¢ 12 12 12 12 12
TFC Pearson correlation® 0.837** 1 -0.826™* -0.253 0.987**
Sig. (2-tailed)P 0.001 0.001 0.511 0.000
N¢ 12 12 12 12 12

**Correlation is significant at the 0.01 level (2-tailed).
aPearson correlation = Correlation between two variables (one listed in the row, the other in the column)
bSig. (2-tailed) = p-value associated with the correlation

N = number of cases used in the correlation
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4. unagy
MsiATziUTaanseang s TN
ansafnlanuiiaiafoesdlauiviiaiuedngy ua
Usuuailiueedsangeiigaiafu 199.05£0.54
fadnfuauyavensaunadndeniuvesasann uag

saa '

170.60+0.88 Hadniuauyaveumoitiunoniuvedans
afin audfy daunsilaszsigninisiiueyyadass
#1835 DPPH assay, ABTS assay Waz FRAP assay Wuin
asafnlawudisleniueaiosay 95 Tqnidiuoyya
Sasviian lnen1svaaeudie3s DPPH assay léen ICs,
WU 0.85+0.08 fadniusefiaddns dsfldrgendn e
Wisuilgudvaisumsgiunsaueanasin nsnagaeu
A875 ABTS assay 101 ICs, AU 0.97+0.00 Aadnsu
sofladans dsiianganin iWerSsufivuivansunsgiu
NsaNg LarNISNAERUAIYIS FRAP assay LAA1 FRAP
value Wiy 4411.49+24.09 Hadnsuvemeiiadaima
senfuvesansarin fewmniilaiau P. gardneri fia1soon
<

OUENITININNAIN N8l Lazarsuiazyiland

AnuauisatunisazareludiviazateNuansnany

v
Ao

wenndaswanindalgrdsueyyadaseiuansiai
astulunis@nuiaddldnisadadlgdviavated
wanvatevia warldiSn1smeaeugnsdueyyadase
ax A o v & a ° v v g
wang s ieagladeyanugruivarnatedmiuldidu
madenlunisinarsannainlaiau P. eardneri U4

Uselewuluauian

5. inAnssuUszne
AMEAITEYDVBUAMAIAIYITIINGT ANY
ANYIMART UMIINYITEUMIAITAIN (MANGATINYT
AansuUaydin @nTyingn) advayualieusdiy
dwsusedn Special problem wargunsallunisineu
33e uarveveuamaudiadesiionats uninende

P

wmansauiidewlainseslislunsufuiRnisnaas il

Y o & 1

lasesnsideildnsagalaned

6. References

[1]1  Zhao, Y., Wang, M. and Xu, B. 2021. A comprehensive
review on secondary metabolites and health-
promoting effects of edible lichen. Journal of

Functional Foods. 80: 104283.

36

Naksuwankul, K. 2015. Lichen Taxonomy.
Khon Khaen: Siripun Offset Printing. (in Thai)
Gaikwad, S. and et al. 2014. Growth promoting
effects of some lichen metabolites on
probiotic bacteria. Journal of Food Science
and Technology. 51(10): 2624-2631.

Marcelli, M.P., Benatti, M.N. and Elix, J.A. 2008.
New species of Parmotrema containing
protocetraric or stictic acid from the coast of
Sao Paulo State, southeastern Brazil.
Mycotaxon. 105: 235-240.

Kukwa, M. and et al. 2012. Thirty-six species of
the lichen genus Parmotrema (Lecanorales,
Ascomycota) new to Bolivia. Polish Botanical
Journal. 57(1): 243-257.

Mongkolsuk, P. and et al. 2011. Lichen in
Mangrove forest at Ban Pak Klong Num Chiew
Mueng district, and Black Sand Beach Laem
Ngob District, Trat Province. In: Proceedings of
the 37" Congress of Science and Technology
of Thailand, 10-12 October 2011. Bangkok,
Thailand. (in Thai)

Dunkhunthod, B. and Sittisart, P. 2022. Antioxidant
activity and cytotoxicity against human cancer
cell lines of the aqueous leaf extracts of
Smilax luzonensis, Hoya kerrii and Derris
elliptica. Journal of Science and Technology,
Ubon Ratchathani University. 24(2): 1-11. (in
Thai)

Yayinie, M. and et al. 2022. Polyphenols,
flavonoids, and antioxidant content of honey
coupled with chemometric method: geographical
classification  from Amhara

origin region,

Ethiopia. International Journal of Food
Properties. 25(1): 76-92.

Youn, J.S. and et al. 2018. Antioxidant activity
and contents of leaf extracts obtained from
Dendropanax morbifera LEV are dependent on
the collecting season and extraction conditions.

Food Science and Biotechnology. 28(1): 201-207.



[10]

a

NIATInemansuasmalulad unnInenduguasivsntl UN 25 atuf 2 weungunau-damiau 2566

Wannawet, R. and Thiangphet, P. 2017.
Determination antioxidant activity and total
phenolic compounds of Bean sprouts. In:
Proceedings of the 4™ National Conference
Kamphaengphet Rajabhat University, 22
December 2017. Kamphaengphet, Thailand. (in Thai)
Lertcanawanichakul, M., Chawawisit, K. and
Hiransai, P. 2019. Biological activities of extracts
from some local plants in Pakpanang, Nakhon
Si Thammarat province: Antioxidant and
antibacterial activity. Rajamangala University
of Technology Srivijaya Research Journal.
11(2): 279-289. (in Thai)

Aoussar, N. and et al. 2017. Chemical composition
and antioxidant activity of two lichens species
(Pseudevemnai furfuracea L and Evernia prunastri L)
collected from Morocco. Journal of Materials
and Evironmental Science. 8(6): 1968-1976.
Suganya, S. 2015. A study of in-vitro antioxidant
activity of Parmotrema grayanum and its
bioactive compounds. International Journal
of Engineering Sciences and Research

Technology. 4(1): 2277-9655.

37

(14]

[15]

[16]

[17]

(18]

Sharma, B.C. and Kalikotay, S. 2012. Screening
of antioxidant activity of lichens Parmotrema
reticulatum and Usnea sp. from Darjeeling
hills, India. Journal of Pharmacy. 2(6): 54-60.
Karaahmet, Z., Kinalioglu, K. and Aydin, S. 2019.
Antioxidant and antibacterial potencies of
Xanthoparmelia conspersa (Ehrh. ex Ach.) Hale
and Dermatocarpon miniatum (L.) W. Mann.
Lichens from Black Sea Region in Turkey.
Gumushane University Journal of Science
and Technology. 9(3): 415-424.

Pavan, KP. and et al. 2020. Isolation, semi-

synthesis,  free-radicals  scavenging, and
advanced glycation end products formation
inhibitory  constituents  from  Parmotrema

tinctorum. Journal of Asian Natural Products
Research. 22(10): 976-988.

Wakeel, A. and et al. 2019. Solvent polarity
mediates phytochemical yield and antioxidant
capacity of /satis tinctoria. Peer). 7: e7857.
Reblova, Z. 2012. Effect of temperature on the
antioxidant activity of phenolic acids. Czech

Journal of Food Sciences. 30(2): 171-177.



