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GRAPHICAL ABSTRACT ABSTRACT

Betel leaf (Piper betle L.) is
an important economic crop in
Phatthalung Province, Thailand. After
grading for export, more than one ton
of low-grade betel leaves is discarded
daily. This study aimed to extract

bioactive compounds, analyze the

chemical composition, and evaluate

Antioxidant

Antimicrobials Crude extract the biological activities of low-grade

— betel leaf extract. The extraction
14,803 Phenolic & flavonoid content,

| DPPH, ABTS & nitric oxide assays was carried out using 95% ethanol
Chemical Composition (GC-MS) . . )
26.215 assisted by ultrasonication.
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MIC, MBC, Inhibition zone & SEM extract was analyzed using gas

chromatography-mass spectrometry
(GC-MS). Antioxidant and antimicrobial
activities were also determined. The chromatogram revealed ten major compounds, with phytol, neophytadiene, and tolycaine as
the predominant components, while phenol, 2-methoxy-4-(1-propenyl)-, eugenol and ergost-5-en-3-ol were identified as minor
constituents. The extract exhibited a total phenolic content of 559.66 mg GAE/g and a total flavonoid content of 48.36 mg QE/g. The result
showed antioxidant activity against both DPPH (\C50:35.53 pg/mL) and ABTS (IC5O:95A63 pg/mL), and also inhibited nitric oxide production
(IC50:1,075A75 pg/mL), indicating anti-inflammatory potential. The extract also exhibited antimicrobial activity, inhibiting and killing Staphylococcus
aureus and Escherichia coli. Additionally, scanning electron microscopy confirmed cell wall and membrane disruption in bacterial cells.
These findings suggest that low-grade betel leaf extract possesses antioxidant, antimicrobial, and anti-inflammatory activities, highlighting
its potential as a valuable raw material for the future development of health and cosmeceutical products, and its ability to add value

to waste generated from export grading.
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1. uni

warduitwayulnstusiulud Piperaceae
dnvasdulufe suila d3eian Tsandsou
waztn dnduawiedn Thudidalulsemaduide
finnuddnluimusssuasnsunmdiutiuaes
nareUszmalue@onsTusanidedls laganiy
TuUszmalng uale dulallide HaUTUd suds
Buiie wazUseinadug luwendninziueen [1]
wadassnaulunisinuilse wu uilsarinis
whaufiy uazunadniau [2) 1esanlungilans
drgraeyia Wwu asuszneufuedn watlwess
Samases warinsfuvenszive Tnglamy Eugenol,
Chavibetol waz Hydroxychavicol @efisneeuin
Tuwgiigvmsanmillanidu [3] uazmannviany
Idun qrissugadn sunisdniau fuesyyadasy
wasdloatuuzide [4,5,6] Feavviouldifiuiadnanin
vadhunglunsiannsesendundndoeiauninuay
Lndasadn
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2. gunInluazisnig
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2.1 Msn3eudngau

Arlugan (Piper betle L. aneugituiios)
Ssegluszorfiannsaiiuioald (o1guszana 8-12
woundagn) luegluszezunuunanstiaun lnedy
Wivanuanesuneluwlasieniu Anlunganingm
Aiidnwazngd lildaun 8nvia uaxdls (Figure 1)
naugnlusiuasiilos Jainings ntuth
Tumgundnawimuazendetlvaiitoandsanysn
wardsudeuviuiiflindewiesufiiinng wéasu
Tungmurnslvidvunayseann 2 wuiwng 1l
suuTsefauanfeuiigumail 50°C 1usyezian
24 Falus Aeuthdegrslliluduneunisadin
maly

Y I Y)Y

Figure 1 Characteristics of low-grade betel leaves with deformity (A), tear, perforation (B),

and undersize (C).
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2.2 N3ENA

Wegslungeauuiediuig 20 g (A
TnthuTuRe) wnadelagisnisutnusdaedaii
aza1uleNIUeaseLar 95 1AYUITIIAINTUBNN
Intufinieniuea Usns 600 mlL (§nsiau
1:30 w/v) Tiviaudegnslung wastienisaringae
\n3eedansilefin (Ultrasonic bath; Bandelin
sonorex digitec, § 1 DT 510H, 35 kHz, 16 W) 53tz
1817 Ju Wisuiisudunasidieniueaievas
95 $e33 Maceration Wigegnafien wdIniy
nsesusnnineenlagliiniesnsesayainie
(Vacuum filter) thmnlungsnadngdsieniuea
AAREeRUEN 2 91 FAudasann Thongsom et al.
[7] thansataiilaluseimeionansazaigeen s
m%‘.m Vacuum rotary evaporator Imﬂ%ﬁgmwgﬁ
40°C ey 200 fiadun$ Ieansaamvenu (Crude
extract) thansadnfilalueuiigumagil 60°C 1u
szoznan 24 $alus iusnwluriauiaden 4
gaumadl 4°C reuluinrdlussuu CIE L* a* b*
fa8 Color meter (Konica Minolta CR-400)
LAz INaNanAnvetansatnild (% yield)
INAUNT

v

_ U millnvesansananeu

Nandn (%) x 100

YIAINYDILTIUDINY

2.3 M5ATZHRIAUTZNBUNILAT
WATIY0IAUTENDUNINLALIVOIANTANR
Tunganinsediafinseteniueasauiunisidady
Lﬁmmmﬁlqa Imely Gas chromatography-mass
spectrometer (GC-MS) (GC: Agilent Technologies
7890A; MS: Agilent Technologies G1888, U.S.A)
AOAULUTEA Rtx-5MS capillary column (Restek,
USA, 30 m, 0.25 mm, fused silica 0.25 um)
lngdnansanalungidudy 100 me/mL USuns
1 uL Inggaumgiindnansinens 150°C luAasides
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Wudwidnsinislaa 20 mL/min delusunsu
a & o o 1 a o 2,
gaunilvedaTasuuudivdIl (531 50°C 1y
wan 2 Wil udniingamgilu 290°C fedns
3°C/min \Wuan 50 i antuihanasuiilaun
ApszsUTouisuiu Mass spectra index 904
Mass spectral libraries (NIST Libraries, 2008)

2.4 MTIRsERUBINAEsUsEneuTlueanioun

JinsziusunaasUszneuiiuednsmun
yosmsafnlunganinsafiadasieteniusasiuiv
ﬂ’]ﬂ%ﬂ?ﬂlul,?immmﬁgjq A28735 Folin-Ciocalteu [8]
TneinTouansninsg iy Gallic acid fisziuay
WU 6.25, 12.5, 25, 50 waz 100 ug/mL Tu
dndu wasmIouansavarefegnefinnuidudu
0.0625 pg/mL WaNsaranusieg1y 50 ul Naunu
10% Folin-Ciocalteu reagent (130919881)
Y3195 50 pL 1Ay NaOH 0.35 M U319 100 pl
Tu 96 well plate fislfuiu 15 it figuugiivies
faAni1sgandunasiiniue1indu 760 nm
Wisuifluiuuuasd Sinsedusinadiuednsiomn
Tuansarin lnewFoudsuamiialdiunsviinasg
FanSenanarsazane Gallic acid lunthefiadnsu
ANYAVDINTAUNAANABNTUVDIAIBYIUNY (Mg
GAE/qg)

2.5 MsAesziusunamanlussdnavun
Aaseilsunuarsusenounanlauesn
wanun [9] maqm'ﬁaﬁ“mi‘uwgmﬂmwﬁaﬁ’mﬁw
loynueatiufumslinaudssanuigs Tnowien
A150M537U Quercetin fszfuaududu 1.562,
3.125, 6.25, 12.5, 25, 50 way pg/mL Tuenuea
w3gy Flavonoid test lnelfisl 10% svgiiiiluy
Aaalsn (ACL) 2 mL iy 1M Tnunaldeuesdinn
2 mL wadlidniu Ysudsuinsaeieniuealila
50 mL nduthlunyusies IWdwla 1lales
Ungadege 100 pL Tdlu 96 Well plate L
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Flavonoid test 100 pl nasligniu #sld 30 undi
Tuiila Tar1gandunadiig UV-Vis Microplate
reader ﬁﬂimmmﬁu 415 nm guUsuuEns
ﬂizﬂaUWawhuaﬂﬁﬂy’wumﬁumimmg’lutma%ﬁu
(Quercetin; QF) wandbumiieaansunIadiuse
nSufIE1 (Mg QE/e)

2.6 M3asziqnsduoyyadeasz DPPH
WissLaNsagane DPPH AUWNTY 0.5 mM
Tutenuea Ywnansadalunganinsniainee
lenusatwiunnslindudsininuige vieans
LINTFIUAREANUTNTUUTIRS 100 pL wanlian
Aufvansazate DPPH USuims 100 pL lalu
96-Well plate fisliluiiiinfigumgfivos iHuian
20 Wi IANNSRANGUASTIE UV-Vis Microplate
reader fimmEMAA 517 nm Inglinsaueanestn
uasasg [10] fusesiduinisduds
MNEUNTIIUAN wazlansnvdiusendinduaz

o
o

W C,, Al ANUUUTUVRIENTANANEUNTDTUES
auyadaselasavay 50

)><100

control

(A

control

% inhibition of DPPH = (

sample

2.7 msameiquadiuoyyadass ABTS
ABTS™, 2, 2’-azinobis (3-Ethylbenzo
thiazoline-6-Sulfonic acid) Radical \Huans
Huasgiifiddoniuihitu amsaganduuas
ANENAAY 700 nm Le3suasaraly ABTS
Taodaans ABTS 0.0036 ¢ avaneluthndu 1 mL
Nesansinunadenasdain 0.00067 ¢ waakaits
Vigumgiivies uiila IAnUARGodunan 16
s vhmsveaeuasinegts Inenasansazas
9879 50 pL Avasazals ABTS U3uns 100 pl
Tu 96 Well plate fainsliidunan 15wl iiteliAn
UFA3e1 Tarmsganduuasit 734 nm [11] Ingld
nsauaanasinduasuinsgiu Auianlesidud
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N138UI9INANNTTATUAIY LAZLANIGNTAIY
oonTinduazidud IC_

% inhibition of ABTS = (AcontroL - ) x 100

sample

control

2.8 msnagaulunsnaanlen (Nitric oxide; NO)

Annzivsunalusineanlyd Meds Griess
reaction [12] W3ELANTATELNTALNAAN TiAM
WuUW 125, 250, 500, 1,000 wag 2,000 pg/mL
Tuthndy wisn Sodium nitroprusside (SNP)
fiaandudu 5 mM azangly Phosphate-buffered
saline Uwnansavangsineg1emseansuInsgu 100
UL adlu 96-Well plate 9 nduiiuansazats SNP
(5 mM) U3unms 25 pl waztumelduasiionmad
vos Wunan 1 49lus ndsentuiy Griess reagent
U3unes 100 plL wasvaluiidln Bunan 30 uidt 5a
AIN13QANALLASTIAIILEIIAAL 540 nm Y
Microplate reader lagldnsaunadniluans
wnsgu Wesdusimasudslusdneenledgnn
AUAUNITATUEN LLazLLamqwémiﬁma%aﬁaiz
lun3neenlasiludn IC_

x 100

% inhibition = Peontiet ~

sample

control

2.9 MIBATEAgVEELUATIGY

2.9.1 Minimal Inhibitory Concentration
(MIC) 48 Minimum Bactericidal Concentration
(MBC)

Anmeimanudutusaniianansaduds
mMslaSvesuuaize (MIO) wagaududumga
a1ansnguuaiise (MBO) vesansanalunganinsn
flafnseienusadiuiunslinduidesniuias
TneLfu Mueller Hinton broth aslu 96 Well plate
fsreannidle U3ums 90 L Wnansanalungvse
asunsgfieatudusingg Uines 90 L uag
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WU Staphylococcus aureus wag Escherichia coli
ANunsUFuduau (5 x 10° wadsdefiadans)
e McFarland 0.5 U110 90 pL W&t
luguuie figaungdl 37°C iHunan 24 Falus Taen
MIC Tfanaududuiiiosfigauesansitlivaaey
fisudanaaiaendold uanmnaalavesoms
deade anthilaseyt A1 MBC vesansarilung
sodeuuaiife Tnethfegsainnismen MIC 7
Lifiauguyneiedne T Spread plate uweIms
Beaderdin Mueller Hinton agar wazehluvuil
onumgdl 37°C 1uan 72 lua Tngen MBC uva
AN TuTteesignvesansaralungiilsiny
mawSqresteuuaiiFouuauemalisaie
2.9.2 msialounisdues
foloun1sdudevasarsatalungannand
afaselenuoatINfunsitrdudssnuigeio
wuATiEe #2633 Acar well diffusion Tinideralsn
S. aureus wag E. coli inunsuiudiuau 5 x 10°
wadreiliadans) fae McFarland 0.5 U3ums 0.1
mL adlugmnsideade Mueller-Hinton Agar (MHA)
friunissinde Yues 20 mL figaumgdl 50°C
lusnsthiimuaugungll naulvidriudae Vortex
wdnmaslunuwizide anduiislilduded
WeuUAEURUAUSNaN 5 mm vuiiuRaves
e Sterile cork borer vignansarialung Uuns
5 L firndiudiu 15 way 30 mg/mL #dliftguungd
vioalunan 30 unil e lviansadnlungunsnszane
dluluomsidesde Wiguiiguiugamuauig
van (wiidadu 2.5 me/mL) Yuitgaumgil 37°C 1Ju
e 24 Falus Fadurugudnansvesdlaunisdiuds
lumheliafiuns
2.9.3 M15UATIZINIIIAITAdUUATILTY
lindasganssaidianaseutuuaainsim
UYFudunuuaiise S. aureus uag E. coli
(1x 10° wadsdeliadans) A8 McFarland 0.5
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ntuthlunyuied 3000 x ¢ FeTesvu
L‘VﬁIEN (Mikro 200, Hettich Zentrifugen, Germany)
Hunaan 20 wit figamgli 25°C Induidndula
Wisensanalungidudy 1 mg/mL U3ums 1 mL as
Tupgnouuuadise nauliidniuse Vortex Uudl
gaumgil 25°C 1unan 12 dalus Jundsawad
wruaeslumsatalung sufiosunslineunthi
Mandla Wuaisagaty NaCl 0.85% Usung
1 mL adlungnouiiieduwad nauwaztumiog
melfannziientu waddiinunsdnagnasase
naansadlen wdeumemnesdn uazaiunnaneld
Nd039anssABLANATOULUUADINTIA (SEM)
(Quantad00, FEI, Czech Republic)

2.10 NMSAATIZHINIEDR
HANISNAADIRARIALRAY + daudeaiuy
1105574 (N = 3) NMFAATIEIANULUTUTIUNGRED
(One-way ANOVA) aifiunislagldlusunsy
Statistical Package for the Social Sciences (SPSS)
1esYu 23.0 (IBM, Armonk, NY, USA) %1013
AR ALALLUY Post hoc #aen1snadeu

o o

Duncan’s test L‘WaizqmmLmﬂﬁi’ma&mﬁﬁamﬂm

o

NNEADR

3. NAN15798

3.1 USUNuUNaNAALAZ AN YR IETENA
annrsadalunganinsaaiginaia
danslwiln laeldien1ueaiovay 95 (Husvi
avane Wisueuiunsidieniueasesay 95 Ay
3% Maceration Wigsagudien wurasataily
weallndansleiinsiumeilaovasnananaanin
asanafilildinadadansilaiin (Table 1) ogsls
AnuAdenanldunndraiueesfitedigniseia
(p>0.05) Tngansafailfmaiindansiledngaudae
fidnwazuanaisanasataildldineadadans
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lwiin Fedunsiulunguansgie (Figure 2) viadl

ansaraeosdnvaziudiona wiled dndu
wnnzvaslung waslddenduliunnsaiuegnedl
WodAmieada egrglsinnudl L* a* uay b*
Yosansanatungliarmuaing manududiden
oz dudindesiesninfoioufivuiy
Tungan

3.2 asUsznauiiuednuaziailoused wazgus
AuaYYadasy
MnMTIATERUTIuEsUTEnauiuedn
wazaliuesn LLazqw%‘ﬁwua%aﬁaizﬁummﬁaﬁm
Iuwgmﬂmimﬁmumiaﬁmﬁamamuaa’a’mﬁ’u
wadlndansleiniuSeuisuiunisanamigieni
uealagliltmainsansiletin wuin BWnsaneiing

Table 1 Extraction yield, physical characteristics and color of low-grade betel leaf extracted by

maceration with and without ultrasonication compared with fresh leaf

Betel leaf Extraction Physical Color values
yield (%) characteristics L* a* b*
Extract with 15.44+0.57™ Semi-solid, oily, 2.31+0.04™ -0.15+0.05™ -1.08+0.09"™
ultrasonic sticky, dark green
without 14.82+0.82  Semi-solid, 2.27£0.05 -0.20+0.06 -1.18+0.10
ultrasonic sticky, dark green
Fresh leaf [13] - Green leaf 28.55+1.30 -6.25+0.49 10.16+1.39

Mean=+SD from triplicate determinations. ™ Lowercase superscripts in the same column indicate non significant

diference between the extracts by maceration with and without ultrasonication (p>0.05). L*, a*, and b*

represent color parameters in the CIE color space

Figure 2 Low-grade betel leaf extract by maceration with ultrasonication (A) and without ultrasonication (B).
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HoUSINenIoeNgVsWAT VST UDYABATE YRS
afmogiltudidynneada (Table 2) Tnwansarail
lidanslatnliuiunaansusznouilusdniazan
Tussdimnganhansatnililinadadansled
negelitdAgyn1eana (p<0.05) Lﬁ'amaauq‘wé
fueyyadase wui arsateilisansleinglen
IC_ 91nN5vInaey DPPH, ABTS uaz lupsnooanlen
mnansateildlisansluinegaituddmig
adf (p<0.05) agrslsfnuileiseuiiauiu
nsaueanaidn arsafnlunganinsafiqnisiu
auyadase DPPH wag ABTS teenitegnelitiudfny
n9abiR (p<0.05) aonndesfugndiudinisasig
lunsneonledfinuitarsadalunganinsniigns
ToanindlewSeudisutunsaunadn (p<0.05)

Fodu nsafnsislenueatiniusansy
Iénﬁn%fdgmﬁaﬂLﬂﬁ%‘ﬂﬁaﬁ’mﬁwwauﬁm%“umﬁ
Anwlutusioly iesanivsinaansddyuazusns
qvismatinmgeniitliliinedesansluiineed
HodAgy

3.3 aeAUsEnaUMAAlvasasaialunganinsa

INNITIATIZNBIAUTENBUNILATAIY
GC-MS ﬁuaqmiaﬁ’fﬂ%wqmﬂLﬂimﬁmumﬁaﬁ’mﬁw
wwnueasufumadadansiledn wuasiidu
aaﬁﬂizﬂawaqmﬁaﬁ’ﬂiwgmLﬂimﬁy’wmaﬁmu
10 vl lneBosdiununafiaisgnzoonain
AodNYl (Retention time) wanIAdlATNAlNLATY
(Figure 3) @anu Phytol (100%) iuﬂ%mmqqﬁqm
5998911 A Neophytadiene (64.86%), Tolycaine
(31.42%), Phenol, 2-methoxy-4-(1-propenyl)-
(14.96%), Eugenol (13.77%), Ergost-5-en-3-ol
(10.36%), 3,7,11,15-Tetramethylhexadec-2-en-
1-yl acetate (7.35%), 1H-Inden-5-ol, 2,3-dihydro
(6.85%), 9,12,15-octadecatrienoic acid (Z,2,2)-
(4.51%) wag Vitamin E (3.16%) f1uasu
(Table 3)

Table 2 Total phenolic and flavonoid contents and scavenging activities of low-grade betel leaf

extracts by ethanol maceration with and without ultrasonication against DPPH, ABTS and

nitric oxide
Ingredient, Active ingredients Scavenging activities
Activities/ Phenolic  Flavonoid IC,,

content content (ug/mL)

Extract (mg GAE/g)  (mg QE/g) DPPH ABTS Nitric Oxide
with ultrasonic 559.66+1.87° 48.36+0.35"  35.53+0.06° 95.63+0.37°  1,075.75+7.86°
without ultrasonic ~ 338.40+4.99° 30.44+0.96°  37.97+0.59° 234.03+3.07° 1,910.80+32.96°
Ascorbic/Gallic acid - - 14.78+0.03°  32.64+0.05° 1,031.84+9.90°

Mean+SD from triplicate determinations. ** Different lowercase superscripts in the same column indicate

significant difference (p<0.05). Scavenging activities of the extract were compared with ascorbic acid for DPPH

and ABTS and compared with gallic acid for nitric oxide.
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x10 1|+ TIC Scan piper bettle.d
6 14.893
5_
4,
3 21008 26215 43.966
2_
40.967
33.002
1{4.676 23.626
37.663 46.659
0._41J~M AL[_ }J\L,A » L e
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Counts (%) vs. Acquisition Time (min)
Figure 3 GC-MS chromatogram of low-grade betel leaf extract by ethanol maceration assisted by
ultrasonication.
Table 3 Chemical composition of the low-grade betel leaf extract by ethanol maceration with
ultrasonication detected by gas chromatography-mass spectrometry
Number Compounds Chemical  Reaction % Area
formula time (min)
1 1H-Inden-5-ol, 2,3-dihydro CH.O 12.157 6.85
2 Eugenol CHO 12.284 13.77
10 12 2
3 Phenol, 2-methoxy-4-(1-propenyl)- C,H.0, 12.462 14.96
4 Neophytadiene CoH., 14.188 64.86
5 Tolycaine C HNO 14.398 31.42
15 22 2 3
6 Phytol CHO 14.893 100
20 40
7 9,12,15-octadecatrienoic acid (Z,Z,7)- ClgHBOO2 21.006 4.51
8 3,7,11,15-Tetramethylhexadec-2-en-1-yl acetate CZZHMO2 26.215 7.35
9 Vitamin E C,HO 40.967 3.16
10 Ergost-5-en-3-ol (3.beta.)- CHO 43.966 10.36
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s. aureus gndudsldftszdumnududy 025 me/
mL wazanansosldsssummuduti 0.5 me/mL
voudl £ coli #eslimnuidudugsnindiszdu 0.5
mg/mL dmsumsiuds uay 1 mg/mL d@nTunN13
st Fwandliidiuin s, aureus Srnulasieans
afinlunguinnd £ coli (Table 4) duransinluuy
msiudadaedd Agar well diffusion wuin ansare
fgusdunuaiiSens 2 vin Tnsvuinvedlyy

P%
=

msdufaiutu weaududuresansatadiug
(Figure @) wanslfifiuinanunsadudsldiiud
(p<0.05) sadlvurnleunisdiudwes S. aureus
Wapesviumnudduiivinananitwes £ coli
(Table 4) Ssanndosiuan MIC uwaz MBC fiudn
TWiiiud S. aureus finnulhseansadalungunnnd
E. coli aEJ'N"Liﬁmmmiaﬁ’ﬂiquﬁqméé’ugﬂ
S. aureus uag E. coli sneitugsinidadu
?JIQIUﬂ’j’lﬁ?uwaﬂ’liaLﬂi’l%ﬁéf’lﬁlﬂéjaﬁgaﬂiiﬂﬁ
BlanmsouwuUdeInNs IR (SEM) Sanulnmaaiundie

fdudaansafalunganinsafindawadidemeuas
wadgui Insilnavesasnelumad nsuvs
wadhaund waziiwadvyuseliisey (Figure 5)
Faupnsnsinwadund [14]

4. 391504
ansafalunganinsadiliainnisadadie
watadansiledn Ingldieniueadevay 95 \Ju
fvinazany ﬁﬁﬁaaamamémﬁau%wquﬁa
Wigusuiuansanauuuuy (Maceration) %39
msafiauuy Soxhlet Aiflsneuiliinandnuszana
Sovay 510 doldlenueamududulndifssiu
[15,16,17] LLaﬂqiﬁLﬁudﬂﬂWiiﬁ?ﬂﬁuLﬁmmmﬁqu
Frewfinuszansamlunisyhanerilasadie dma
Tansddguazihifugnuasudeseenunlfnniu
Tugasiimdvesansatniliaimuaing (L% A
Judden (2% uazdndes (b¥) Wesniningiu
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Msdsunlasduasdnvasnanmenn osan
nszUIUNsanaiinisidlenueasuiunIsnaliin
usudeunnaaudansileln ussuuazguma e
Fulusyninanisain deoreviliAnnisaansdn

Table 4 Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and

inhibition zones of low-grade betel leaf extracts against S. aureus and E. coli

Antibacterial activities S. aureus E. coli
MIC (mg/mL) 0.25 0.5
MBC (mg/mL) 0.5 1.0
Inhibition zone (mm)* Extract (mg/mL) 15 20.5+0.50" 15.5+0.50°
30 27.0+0.50° 26.0+0.50°
Penicillin (mg/mL) 2.5 26.5+0.50 19.5+0.50

*Mean+SD from triplicate determinations. ** Different lowercase superscripts in the same column between

extract concentrations indicate a significant difference (p<0.05).
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Figure 4 Inhibition zone of low-grade betel leaf extracts against S. aureus (A) and E. coli (B) at the

concentration of 15 (a) and 30 mg/mL (b), compared with Penicillin at 2.5 mg/mL (c).

Figure 5 Scanning electron micrographs (SEM) showing the antibacterial effects of low-grade betel leaf
extract against S. aureus at 3,000x (A) and 6,000x (B-C) and E. coli at 3,000x (D) and 6,000x (E-F)

magnifications.
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