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Abstract
Background and Objectives : This research aims to evaluate the potential of antioxidant and antibacterial
potential of crude extracts from the lichen genus Usnea, along with the analysis of total phenolic, flavonoid, and
tannin contents. The study investigates the effectiveness of these extracts against various bacterial strains and their
potential applications in the pharmaceutical and food industries.
Methodology : The lichen genus Usnea was extracted using four solvents: 95% ethanol, acetone, ethyl acetate,
and boiling water, to isolate bioactive compounds. Antioxidant activities were assessed using DPPH, ABTS, and
FRAP assays. Antibacterial activities were evaluated using agar well diffusion and broth microdilution methods, with
further analysis of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC).
Main Results : The results show the highest antioxidant activities in boiling water, with DPPH having an IC, of
0.741x0.021 mg/ml, ABTS having an IC., of 1.001£0.005 mg/ml, and the FRAP value being 27.927+0.129 mg
FeSO,/g extract. The antibacterial properties of the ethanolic, acetone, and ethyl acetate extracts showed that they
have a capacity to inhibit Bacillus cereus TISTR 1449, Staphylococcus epidermidis TISTR 2162, and Escherichia
coli TISTR 527, but they are not effective against Pseudomonas aeruginosa TISTR 1287. Three stains showed
ethanolic extract with MIC and MBC values of 20 mg/ml. The aqueous extract had MIC and MBC values of 40 mg/ml,
resulting in a inhibition of B. cereus TISTR 1449. Furthermore, the ethanolic extract contained a high amount of total
phenolic content (93.772+2.847 mg/g extract), total flavonoid content (36.847+0.613 mg/g extract), and tannin
content (90.467+2.784 mg/g extract).
Conclusions : This study demonstrates the antioxidant and antibacterial effects of Usnea lichen extracts, providing

insights for potential applications in various industries. These findings provide valuable insights for future
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development and application in pharmaceutical and food industries, enhancing the use of natural products for
health-related benefits.

Keywords : antioxidant ; antibacterial ; crude extract ; lichen
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Figure 1 The morphological characteristic of the lichen genus Usnea
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IR9MINNAR A3arAANEERARZTIAN nTUaaTRaaY 95 uaTasElnl MNAIAL AILanslU Table 1

Table 1 Extraction yields of lichen genus Usnea with four different solvents

Solvents %Yield Color

95% Ethanol 14.37 Reddish brown
Acetone 9.32 Pale yellow
Ethyl acetate 13.78 Creamy

Boil 24.73 Brown

UBNANNHALAUIFINN1IRTAR A AN AZA 8N WAN AT TUAN AR DTN SR AL N ANAN DI AN T4 P

MENLUAZAN BN INNNYNIN LY @ 1HaanT Nuans1eiuaag (Figure 2)

Figure 2 Lichen extracts (A) 95% ethanol (B) acetone (C) ethyl acetate (D) boiling water
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Table 2 Total phenolic, flavonoid, and tannin content in lichen extracts with 4 different solvents

Lichen crude Total Phenolic Content Total Flavonoid Content Total Tannin Content
extracts (mgGAE/gExtract) (mgQE/gExtract) (mgTannic acid/gExtract)
95% Ethanol 93.772+2.847° 36.847+0.613° 90.467+2.784°
Acetone 48.247+2.299° 24.294+0.240° 46.385+2.245°
Ethyl Acetate 53.809+0.523" 9.318+0.399" 51.759+0.507"
Boiling water 15.750+1.223° 11.839+0.393° 15.564+0.112°

*Note: a, b, ¢, d represent statistically significant differences in data sets (p<0.05)
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faraz 95 ﬁﬂ?ﬁmmmmi:ﬂ@mm%umm’mﬂ‘ﬁlqm WinrL 36.847+0.613 HaANINANYALIDARTTAUARN TNANIANA
weny Taaansaiavenylaauiifidsunnassznaurantauessunnsesasnldun ansatndanezdlnu v fou uas
WAADLTLAN ANNAAL (Table 2)

ennuanslssnavunuiuluasanavenuwgilaalany

nsaAziEninasUseneuuutiuluansanaveungitaalainu wudn asainsasieniueaiasas
95 H1fFnnuasdsznauunuiiuniniign winfiu 90.467+2.784 Hadnfuanyatuananunuiindeninansainue iy

509891 LA @138RRALERARLEAN BXE LAY LAZYN ANNANGL (Table 2)

QuBAIUBLyATATLA9895 DPPH assay
nsdaszignansinueyyagassluatsaiaveungilaalaian wudn ansannsaeun feutignsnissiu
ayyadaszhngn Iaaien IC,, ANgAWNAL 0.741+0.021 Radnsusadianans seasunlaun ansafnsoseiiaasdiem

25TIMY LATLENUBATRYA 95 ANNAAL (Table 3)
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-

QB uaYYABATZAILIAE ABTS assay

nisawzvmEnIsinueyyadasyluansataveurgilaalaiau wudn arsainsani faulignanissinu

ayyadaszlanngn InadAn IC,, ANgaWINAL 1.001+0.005 Hadnfusaiadans sasaannliun ansainfasiaiia

ALHAN LT LAY LAZLENIUEATRLAY 95 ANNAIAL (Table 3)

Table 3 Antioxidant potential in lichen extracts with 4 different solvents

Lichen crude DPPH ABTS FRAP value
extracts IC4, (mg/ml) IC,, (mg/ml) (mg FeSO,/g extract)
95% Ethanol 1.945+0.044° 3.250+0.015" 17.921+0.386°
Acetone 1.304+0.034" 3.151+0.009° 13.626+0.614°
Ethyl Acetate 1.143+0.048° 3.107+0.012° 18.978+0.117°
Boiling water 0.741+0.021° 1.001+0.005° 27.972+0.129°

*Note: a,b,c,d represent statistically significant differences in data sets (p<0.05)

-

QUEAUYYABATZAILIIE FRAP assay

nsdszvimenissnueyyadassluansananaungilaalanu wudn ansainsaeun faulgns lunnasiu

'
=

ayyasdszlinngn Tnuiia FRAP value gaiigainiu 27.972 Hadniuiaiadammnsaninaisainmey sa9a9un
oA 21387AR28eRADLEAN LNIUDATBLAY 95 LAYATLAW ANNAFU (Table 3)

BANINAABLNI2ETLIEN LA A9EAD Agar Well Diffusion

HANNINAALNITUEILLATEEAIYAS Agar well diffusion Wudn arsanavenungilaalaiaunainaosiand

UaaFReaT 95 asdinu uazieiaasdmnanunsadudauuniiize B. cereus S. epidermidis Wag E. coli te d91a1381m

= a

¥ % 1% s 2’/ v a ' ?/ o v 1% s g)/ a a
mﬁﬂuqﬁ‘@uﬂ‘]_lﬂ\ivl,ﬁLWEI\‘iLL‘]_Iﬁ‘V]Lﬁ‘F;I B. cereus Wintiu lagansannaasantuaaiaaas 95 SULNLLANEY B. cereus WY

S. epidermidis laaNgn (Figure 3) HiAuruAndnaIauFadudevingy 24.00+0.87 uay 20.67+0.57 AARINAT

Q
' £

o o = o v a o o aa M ovaa P | - a o o 1 o
pua1A TuansnansaninmseslnuainimndutiuuaiEy £ coli laangn Hiduinuguanaudnudugwinhy
a a o v o o > a \ o 2 A . % a aa
19.1740.58 Hadiums a19ainsaefanazateya 4 alialiannsndudauuniise P. aeruginosa I8 tnafienUiTaus
Tetracycline Wa¥ Ciprofloxacin flaaauAnuan Hidud uAudnasuFoududuviniy 38.50+0.87, 47.17+4.16,
49.50+0.58, 47.33+1.15 HaRLNAT AINAAL 491 3% DMSO fanauauauliuandudinduds dsuansly Figure 3

WAy Table 4
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Figure 3 Inhibition zone of lichen extracts using four solvents to inhibit bacterial strains

(A-D) B. cereus TISTR 1449 (E-H) S. epidermidis TISTR 2162 (I-K) E. coli TISTR 527

Table 4 Diameters of inhibition zone (mm) of lichen extracts

Diameters of inhibition zone (mm)

Lichen extracts B. cereus S. epidermidis E. coli P. aeruginosa
TISTR 1449 TISTR 2162 TISTR 527 TISTR 1287

95% Ethanol 24.00+0.87 20.67+0.57 18.89+1.15 -

Acetone 23.67+0.76 19.83+0.76 19.17+0.58 -

Ethyl acetate 21.50+0.87 19.83+0.29 18.83+0.58 -

Boiling water 16.17+2.31 - - -

Positive control 38.50+0.87 47.17+4.16 49.50+0.58 47.3321.15

- : No inhibition zone observed; Positive control = Tetracycline (B. cereus, S. epidermidis), Ciprofloxacin

(E. coli, P. aeruginosa)
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NANITNAARL Minimum Inhibitory Concentration (MIC)

o 9 oS P Sa yy . o Y Py o O
ﬂ’Tﬁ‘Vlﬂ'N’ﬂ‘]_IVI’]ﬂQWNL‘IJQJ‘HHV]IF]WQGW]E‘LIF;I\?LLLIF’W]L?F;IVLQ wuI1 ansanialaiau Nanmasaeniueaiaaa 95 #11IEIN

L
¥ o a4 o

wuARIEE B. cereus iAnsdndunngamnfiy 20 Hadniuseladans luansiaisauldaanidudunngn 40

q

(%
=

FaanFusaNanans JN1MmAReLALe S. epidermidis WUANANTANARLEENIUESA ST lAU wazieiaasTmn ldaAdu

o a

dudusngandudumalaiviniu 20 Haaniuseladans LazNIIMARUALLTS E. coli WLANTANTARLLENTUBALAY

—

whaerEmnaadlaiau SugaTaNANNdNTURgaNTL 20 Naansuselaaans (Table 5)

q

nanN19nagnl Minimum Bactericidal Concentration (MBC)

¥ o o A Py ) o A o o o . aa
mi‘ﬂm@@‘u%’]M’mLﬂu“ﬂumqmm%ﬂ%mﬂm?ﬂm WU @’]?@ﬂmll@Lﬂum'&ﬂmﬂqgl@vmu@@?‘ﬂﬂﬂg 95 HLLLIANLTE

|
o ' 1 o

= 2 o o e = a = aa = PRy Y | A a_ o
B. cereus NATHLUHTURIGALNINY 20 HAQANTURARNARNAT Iuﬁumwmi@uhmwLﬁumummm 40 HaANTNAR

Y o o

Anganaingelivindy 20 Hadninsdeladans wazniamaaauiuige £ col wudnansainsaaasilnuaadlanu

|
° A a

FNTANANNTNTUANAAWINAL 40 HaaniusaNasans sauanly Table 5

Q

Table 5 Evaluation of Antibacterial activity of MICs and MBCs (mg/ml)

MICs (mg/ml) MBCs (mg/ml)
Lichen
B. cereus S. epidermidis E. coli B. cereus S. epidermidis E. coli TISTR
extracts
TISTR 1449 TISTR 2162 TISTR 527 TISTR 1449  TISTR 2162 527
95% Ethanol 20 20 20 20 20 40
Acetone 40 20 40 40 20 40
Ethyl acetate 40 20 20 40 20 40
Boiling water 40 - - 40 - -

- : No inhibition observed

39150INAN15IAEY
a o l:’l’ v & 1 o dl o v v = | a
anuan1megaLiseBugansliiuinasadanenulalrunainsoaniuaaiasas 95 Jastlsznatimuaan

WanTauass uazunuiiunnige anailasandamazasiidueniveaiuaisazaisidaaunsnasieansypand

£
o o |

A o = A a o o ) . ) Y o =
narAnlulaime daiuansazaraldaiduimaaiu A unannisazans like dissolve like AaAARRITLINITIANE
484 Popovici et al. (2022) Anu15unnuansdssneuiueanaesasainvenulawny U. barbata WUN4N94RAsE

amueaiifFuiuanssznauduednganigawiniu 573.234 + 42.308 Haaniusaniuaisanna Tuaneinanisdnmn
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nsdsziiulFunnanlonessuesansanialaiauaes Aydin et al. (2018) WLd141TdRAGAELENIUEANNUTHID
asdsznauvanlousafgangainiu 20.85 + 0.005 lulasnFuipesdfusdaniuatsain doun1saiasnsflTunm

#1913 ULNUTLN L9198 TN 99189 1AL

'
= o v v =

N3dATTiMaAueYyaTasTaesasanauaulalAL Usnea nudnansananannsieir faulnnalunig

ov

%

FuaLYARATTANgATNS 3 AEnaaay TAun DPPH, ABTS uwaz FRAP assay T9UANANINUASEA8S Pavithra et al. (2013)

L ¥

AnwAnuaNiRnissnueyyadaszanlan U. pictoides Aaeiad DPPH uay FRAP assay WUAN@saiasneazdieag

9

=)

».

1
a

HOVEAUeUABATEANAN UAYINUIAELBY Londofe-Bailon et al. (2019) NaaausAaeds ABTS assay WUI1 @1347A

q

o v vl o =

lataunainaoamniueauazevdinunansdnannlunisinuenyyadasslinngn den IC,, 1iniy 19.422 + 0.32

q

o 1 a Py \

faaniuseiianans Tnaansannmauiuansgalunissinuenyadasslaangauddn ldldiiTuuansdsznauilues

= d: o A T T = . = . L A=
HINNgn @’WLu‘ﬂ\i@’m@qi"&ﬂﬁllz'\lLﬂu%@ﬂﬁm%ﬂu’]i‘@uﬁ\‘iL‘ﬂ’]@’]?@@ﬂq‘ﬂﬁluﬂ@ﬂﬂﬁﬂﬂN (Primary metabolite) Ny

&9 L]

AuaNTTRaza1eunld daduarsamanllsiuuazneduannnled insaeauinnedawsaniladitasanisiuala

v
o o o o

Baszat1alitiadAty Inenwedutand ladazdudaljisegnidreseyyadasy viurindusia dAndunaziugidnnses
inlisunuansanyagaszanadls (Fernandes & Coimbra, 2023)
NMIMARBLNNIETUEMUATITE 4 8T 1a9a198iAa N laLA Usnea wudn @1unsndiugiaitia B. cereus
: - aa val ' a a & , . ~
Wae S. epidermidis gadunuanFaunsuuanlaandnuuafiFauwnsNay Ae E. coli uag P. aeruginosa aNALUAIAN
IAraaieresrliatasuedluAN TN sNaL T AN NFUTa UNINNdLLATIFRLNTNLAN (Suwanphinij & Suwanphinij,

1998) InaulsinasuesuuanFaunsnauidumiiilalnawau (Peptidoglycan) u14ndn tsznausasitiaiu 2 41 As

v |
a

4 . 2 4 . 2 y Y o 0y
ke duuan (Outer membrane) LLﬂzLﬁ‘ﬂnNmﬂu (Inner membrane) TIAIUURILNHLLTUTUUBNN LA LLANLTE
al s 1 o U 1 a a dl £% b‘:’/ U = s
fananiinusanisinanslduinnduuafiFaunsuuan Tnaiedumasiuuentlsznausasanslaliinautani s
(Lipopolysaccharide) 1ulaseaiedn lianuins Adszlaadilunisdoednessad nudenisvianaveaansle
(Srisukong et al., 2016) wANANT AINNNIE1TAIATYNBUUTINLINATan A lalAulanstlsznauunuiiv Taunuiiy
filsrquiluavazlilduiuansdszquaniananulalulaiau arunsainlilasiulawaesuuaiiGauanls (Farha et al.,
. a o i// o & o o al a o v rdl d‘ ¥ o o '8

2020) Wisaunuiuainisasusanisdaunsviitsisaasresuuaialalnan1vn e wloiminaadeaiun1sdansnsy
HaLIas k1911 Ine NN LA LKA AR (Trentin et al., 2013) 49UN1INARBLNNTEUSILUAN B LN TNAL
E. coli uag P. aeruginosa wudnansana lawauliansnsndusdauuniiFe P. aeruginosa le @1aiiedann P. aeruginosa
dunuanBaunsuaundnisaiaualgaeiuuazarnisnairsluleflauls (Nunez et al., 2023) GelululaWduaes
a a U a e“d‘ o v a a o o 3 o v v
wuARFannInaLlsznavllsaagnsmeanaani lasnin lfuuaiFaunsnauainisadsusadnduaninwnday s
dsnasianisagsanuaznIsasIIuLAREY dosliiuATiGafAuAunIusanIstusNna (Laverty et al., 2014)

atin9l3finn nan1meageuldenndeeiLaNuid8ae9 Dieu et al. (2020) AnIN17TUEI9aTNYRI415ATARNN

q
- ________________________________________________________________________________________]
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laLaw U. florida Aaeias@ i Wu4d141:8130eUe S, aureus, C. albicans WA A. brasiliensis wa ld@11190 s
P. aeruginosa I
= a o da/ Y o o d‘ [~3 (% ] di (% 1

anNMIANHINIIAEinudadaninluwFesaeanisiiusedng iesansatnglanuana Usnea lulaiau
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