Thai Science and Technology Journal Vol. 34 No. 3 May-June 2026 ISSN 3027-6365 (Online)

Thai Science and Technology Journal

5ETINEIAEnsuasinalulag
Journal Homepage : http://li01.tci-thaijo.org/index.php/tstj

29AUTENIUNNALATILAZANENNTINNYBIENTaRRLUNG (Piper betle L) Annsa
Chemical Composition and Bioactivities of Low-Grade Betel
(Piper betle L.) Leaf Extracts

nalgan 19ae’, NaNNaY Wesn’, ausini auwuia’, Aladnual nasunay”
"nangasmalulad¥anm aazInenmansuasuinnssudivia unnedeinsa wnge 93210
“wangnsnsunvdunulng Aoz IneInIsgUAINLATNITAWT UMIINEALYInTAL 1ige 93210
“nangnsIemansuazmaluladoms parenaImMnTTUN YA SUAzTIN TN NI INEIaEINT inge 93210

Panatda Machaui', Kusumarn Noipha®, Amonrat Thanonkaew”, Vilailak Klompong™

'Biotechnology Program, Faculty of Science and Digital Innovation, Thaksin University, Phatthalung 93210

“Thai Traditional Medicine Program, Faculty of Health and Sports Sciences, Thaksin University, Phatthalung 93210
’Food Science and Technology Program, Faculty of Agro and Bio Industry, Thaksin University, Phatthalung 93210

Received 26 December 2025; Received in revised 13 February 2026; Accepted 20 February 2026

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

Extraction with ethanol assisted by ultra onication of low-grade betel leaves is discarded
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Low-grade Betel Leaf

daily. This study aimed to extract
bioactive compounds, analyze the

chemical composition, and evaluate
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extract was analyzed using gas
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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 (ICSO:95.63 pg/mL), and also inhibited nitric oxide production
(|C50:1,O75.75 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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WQLﬂuﬁ%ayﬂWﬁuﬁﬂmqﬁ Piperaceae
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2.1 NMIATEUINGAY
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Figure 1 Characteristics of low-grade betel leaves with deformity (A), tear, perforation (B),

and undersize (Q).
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2.2 MIANA

Wegelungauwiednuiu 20 g (A1
ndhwtinuie) wnaalagiansusinugdaesiavi
azanglenueaiesay 95 lAguTTIAVIATUBLY
ntudiuteniuea Usns 600 mL (Snsidu
1:30 w/v) liviudnegndlung uazahensanacie
\P3p9dansleiin (Ultrasonic bath; Bandelin
sonorex digitec, § 4 DT 510H, 35 kHz, 16 W) se8
a7 Ju Wisuiisununisidieniueadosay
95 §e3% Maceration Wigegnafion wdntiy
nsesusnnineaniaeliiaiosnsesayainie
(Vacuurn filter) thmnluwgunatagideionuea
AITEsdusn 2 §1 dinudasann Thongsom et al.
[7] Whansadadilglussimeonansazaiseen e
Lﬂ‘%l’eN Vacuum rotary evaporator Imﬂ%’qm%gﬁ
40°C fieudiu 200 fadun$ Ieansatamenu (Crude
extract) thansafafildlleufiguvnsl 60°C 1u
szpzan 24 $alue iusneluvaauiaden
gaumndl 4°C newtluinendluseuu CIE L* a* b*
f28 Color meter (Konica Minolta CR-400)
warAwalSinarandnvasasatniild (% yield)
PNAUNT

)< YIMUNYDIRITANANYIU y

Nandn (% 100

YINUNVDILAIUDINY

2.3 MsIATIZBIAUTZNOUNALAL]

ATz IAUTENBUNINLATIVOIANTEN A
Tunganinsafiafnsetoniueasaniunislindu
L?iENmmﬁiq& 1neld Gas chromatography-mass
spectrometer (GC-MS) (GC: Agilent Technologies
7890A; MS: Agilent Technologies G1888, U.S.A)
Aeantvlla Rtx-5MS capillary column (Restek,
USA, 30 m, 0.25 mm, fused silica 0.25 pm)
lngAnarsadalungidudy 100 mg/mL Usuns
1 uL Teggamnifidnansinegng 150°C Ttufadidey
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\Jusawiisnsinislua 20 mU/min delusunsy
Qmmﬁmmm?auwuﬁ']ﬁumu 3910 50°C 19
han 2 wit wdingamgiidu 290°C dhedam
3°C/min Wua 50 Wit antuhaunnsuitldun
AasetilIuiisuiu Mass spectra index 989
Mass spectral libraries (NIST Libraries, 2008)

2.4 MshaTziviinasnsUssnauilueanieun

JinsziUsunadsUseneufiueanimun
vosansafnlunganinsadiaiasielonueasouiu
nsldudssmnuiigs #2635 Folin-Ciocalteu [8]
Tnela3ouansungg i Gallic acid fiszfuay
Wudy 6.25, 12.5, 25, 50 way 100 pg/mL Tu
dhndu wavsIsuansavanefiegaiiniududy
0.0625 pg/mL W1a1vazasiee1 50 ub Naudu
10% Folin-Ciocalteu reagent (Fov13sae1)
U3N173 50 uL LN NaOH 0.35 M U3u19s 100 uL
lu 96 well plate fiskiuu 15 wnit flgamnfivios
’3’91?1'1mmmﬂﬁuumﬁmmmm?{u 760 nm
WisuWisuiuLuasd Snseidinadiueaniomn
Tuansartn laeiSeuiisuaiialdfunavbnasg
FaunSeuanaisavane Gallic acid lunihefiadnsu
AUYAVBINIAUNARNFADNTUVDIRIBEIIUS (Mg
GAE/g)

2.5 meTsiviinumalussdraun
AnsenUsuiualsusenaunailivess
Hamun [9) vosasafalunganinsaiiainae
lovuoadmiunsldnduidesiuige Tnewden
1511955 Quercetin Aiszdunrundidu 1.562,
3.125, 6.25, 12.5, 25, 50 wag pug/mlL lulenuea
w38y Flavonoid test laeifiy 10% sygilifley
Aaslsn (ALCL) 2 mL 1Fi 1M Inuvnadesoriny
2 mL waubidni Ysuusunsieienuealile
50 mL aniuthlumyusies Iddla 1lales
Ynagadaagne 100 pL Tdlu 96 Well plate fis



Thai Science and Technology Journal

Vol. 34 No. 3 May-June 2026

Flavonoid test 100 pL waulwaniu A9y 30 Wi
Tufisln Yar1ganduuassie UV-Vis Microplate
reader ﬁmmmmgu 415 nm WiguUsuuans
Ui$ﬂEJUW@?I’JUE)EJGW?@WJ@HUW%@JWmiﬁﬂum’la%ﬁu
(Quercetin; QE) uansluniefiadnsumiediiune

N3UA9819 (mg QE/g)

2.6 MawATEignsEuoyYadssy DPPH
Wgansavany DPPH Aadudi 0.5 mM
Tulenuea Uinansadelunganinsaiiafnee
lenusadanfunslinaudssnuiigs vieans
NIFIUMFBEANUTNTUUTINT 100 pL wanlvidn
Aunuaisazae DPPH USu1ms 100 pL Tdlu
96-Well plate #slflufiinfigumgfivos ifua
20 Wi IANNNIANGULAIAIY UV-Vis Microplate
reader fim A 517 nm lnglinsanoanastn
Huansinesigiu [10] fuaidesidudnisduds
INAUNTHLEN uazuanInsELeandintuay
\Wuen IC__ fio anudiuresmsatafiansoduds

auyadasyladeray 50

x 100

control

% inhibition of DPPH = A

sample

control

2.7 malasziqnsduoyyadeasz ABTS
ABTS™, 2, 2"-azinobis (3-Ethylbenzo
thiazoline-6-Sulfonic acid) Radical tJuans
fpreniiiiadeauihity annsnganduuasd
AINNEIIARY 700 nm LASBNA1TALANY ABTS
Taedans ABTS 0.0036 ¢ avansluthngu 1 mL
wesansnuvadenUasdamin 0.00067 ¢ udaRaits
Vigauuaiivies Tuiiln BhAaUFAzendunan 16
Flus nsvadeuansiiesn Tnenaasazane
f9g19 50 pL Avasazaly ABTS USuims 100 pL
Tu 96 Well plate feidlifunan 15wl iteliiin
UFA3en Inrnsgeandunasit 734 nm [11] Tagld
nsaueanasinduaisuinsgiu AMuialesidus
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N138UEI9INAUNITATIUAIY LAZLAAIGNTAIUY
oonBinduazidua IC_

x 100

control

(A

control

% inhibition of ABTS = (A

sample

2.8 msnadaulun3naanlan (Nitric oxide; NO)

Ansznusunalunineanles ieds Griess
reaction [12] lA3EUANTUIATFIUNTAUNGAN fn
Wt 125, 250, 500, 1,000 wag 2,000 ug/mlL
Turhndy wiey Sodium nitroprusside (SNP)
fienadiudu 5 mM azanglu Phosphate-buffered
saline UiUnansavanefiog1aviseansuInsgIu 100
uL adlu 96-Well plate 9ntufinansazats SNP
(5 mM) U3393 25 pL waztunelduasiigauma
woe lunan 1 $9lus ndsantudi Griess reagent
U31195 100 plL wazUaludifin Wunan 30 widl 3n
ﬁhmi@jﬂﬂﬁuuaqﬁmmmm?ﬂlu 540 nm §2¢
Microplate reader lagldnsaunadniduans
1nsgiu wWesdusmssudilupineeniedgnunn
AUAUNITAIUEN LLazmeqw%‘msﬁma%a%asz
lumSneenladlud IC_

control

% inhibition = ( x 100

sample

control

2.9 MSIASTRNSELLUATISY

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

Anreimarudutusaniiaansaduds
nMsaTaueauaiife (MIO) wazaududusand
anansnsuuailse (MBC) vesansanalunganinga
fafnseleniusadiniunslinauidssniuigs
ImeLfu Mueller Hinton broth aglu 96 Well plate
fiusienide Uiung 90 pL Wisansainlungvse
ansasguinIdudusingg YTuies 90 L uay
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W Staphylococcus aureus wae Escherichia coli
funsUTuTImaL (5 x 10° wadsefiadans)
#e McFarland 0.5 U3ams 90 L widsanniiuta
Tuguude figaungd 37°C iunan 24 Falus Tadn
MIC Tdnneududuiidosiigavesasilinaaey
fisudinmaasameatold uansanealavesens
Aoade 1ntuiinsgd 1 MBC vesansainlung
soouuafide Tasthiegisinmamean MIC 7
Laifimnugunneieene WU Spread plate yuem1s
Geadeiia Mueller Hinton agar uaziiluvui
gaumndl 37°C 1unan 72 Halus Tage1 MBC uia
nanAtiduitesianuesansatnlungiliny
nawsgenteuuaiifeuunuemadsaie
2.9.2 msinlouniseues
fmisuumié’ugﬁmaaawsaﬁmiuwgmﬂmimﬁ
afnshelenueasuiumslindudssnuigse
wuATiSe §e35 Agar well diffusion imiderielsn
S. aureus W £. coli Akunsusudiuau 5 x 10°
waareliadans) Adg McFarland 0.5 U3ums 0.1
mL aslupvnsiaeade Mueller-Hinton Agar (MHA)
firiunissinde Ysing 20 mL figungi 50°C
Tugnahiimuaugungll waulidniudae Vortex
wdanaslunuwigide anduiisliliudes
WzvRuUAEUELAUSNA 5 mm vuiuRves
U Sterile cork borer nepansanalung Usuns
5 pL fianudidu 15 waz 30 mg/mL fisliTigamn
vioudunan 30 uiit e Wiansafmlungunsnszane
dluluomnaidesde wWisuidisutugaauauds
vIn (ndFadu 2.5 mg/ml) vnilgaumail 37°C 1Ju
a1 24 Falus Tmdusugudnansveddaunisdudy
lumheiadung
2.9.3 N5 3ATILYNITVIAIvaaUUATILTY
lindosganssmidianaseuuyyaainsin
YSudwiuwuaiise S. aureus uag £ coli
(1x 10° waaseliadans) Ay McFarland 0.5

29

i lUvsesd 3000 x ¢ Feiedoau
WE (Mikro 200, Hettich Zentrifugen, Germany)
\Wuian 20 unit figaumgdl 25°C nifuidadaula
Wiansanalunguiudu 1 mg/mL USims 1 mL aq
TumznauwuaiiSe waulidniusie Vortex Uudl
gaumnd 25°C 1unan 12 $alus Julsawad
wuuaseluansaialung aufiesure3ieunng
mindula Wua1savats NaCl 0.85% Usuns
1 mL aslumznewiiedawad nauuazdumies
aeldannzifediu wadiiiunisdnegnasadie
ngansadilen ndeusienesdn wavaeainaele
Nd039anIsANBLANATOULUUADINTIA (SEM)
(Quantad00, FEl, Czech Republic)

2.10 MSAATIZHNSEDA
NAN1INRABIRARIALRAY + dandeauy
119551 (N = 3) MFAATILAAULUTUTIUVNGRED
(One-way ANOVA) sflunisiagleglusinsy
Statistical Package for the Social Sciences (SPSS)
LBsTU 23.0 (IBM, Armonk, NY, USA) ¥1n1g
AsIEMALAULUY Post hoc #8n15Madey

o w

Duncan’s test iesgyanuunnetag 1@ fey

o

VASGAL

3. NAN15IY

3.1 USUNUNANAALAZANWUZVDIENTENA
nn1sadalunganinsaslginaia
danstluiln laeldieniueaiovay 95 1Hudvi
avaney Wlsuieuiunisltienueasesas 95 Al
33 Maceration Wiesegufier nuasataild
welladanslelindumeiid1Sesasnaningndn
ansataildliinaiasansledn (Table 1) aeals
Anurssnanlduanaieiuegdidedfymieeia
(p>0.05) Tngansarailfmaiindansiledingaude
fidnvazuanasanasasadillldinadasansn
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Toiln Aedhirdulunguavegdne (Figure 2) vl
ansatasdesidnunsiudfanan wils Tnay
wnzvedlung uwasldWenduliwnnenaiuegned
WodAgynieaia egalsiniudr L* a* uay b*
vosasainlungliAtauaine Apududides
wazaanududimdesdosnindeseudisuiu

lungan

3.2 @sUsznauiiusdnuaziailaused wazqns
Auayyadese
PNATIATIEUSIMNESUSENeUTUBAN
wazrianTauosd warqvdduoyyadassvesmsaria
1quﬁmmmﬁs\humsaﬁ’mé’wLamuaaimﬁ’u
wadadanslglnuSeuifisuiunsainaeend
uealaglildinaiadansladin wuin Wnsaneding

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

maceration with and without ultrasonication compared with fresh leaf

Extraction
yield (%)

Betel leaf

Physical

Color values

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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soUnianseengsLaT VSR aTE YRS
aftmoesiitaddaymneada (Table 2) lnwansarindi
lidanslaiinlisunuasusznaufiusdnuazan
Thuesdiamngenhasafaililiivedesanslud
nogltudAYn19ads (p<0.05) Lﬁamaauqmé
Fusyyadasy wui ansadeildsansiludndien
IC_, 3NN5VAFDY DPPH, ABTS Ay lupsneanlan
iniansadaildlisansleinegaditudfyms
adf (p<0.05) agslsfnuielIoufisufu
ninueanaitn asafnlunganinsasignisiu
auyadasy DPPH way ABTS Weenitegwiliuddny
M9t (p<0.05) aonndesiugndduianisadis
lunsnoenladiinuinarsatalunganinsaiqns
fosniudlenSeuifisuiunsaunadn (p<0.05)
Fodu nsafadislenueasiufusans
TﬁzjﬁﬂﬁagﬂLﬁaﬂL‘ﬂuﬁ%'miaﬁm?immsamﬁm%umi
Anwilutusiely Wesmniivsunaansdduazuan
grisnsiinmgeaniitlildinedadanslodineded

Hudeny

3.3 29AUsZNAUNINLATYRIENTENATUNANLNSA

1INNITIATIERBIAUTENBUNILATIA Y
GC-MS vesansafnlunganinsafiinunsainge
emusadiutumadadansiledn wuansiiiu
aaﬁ‘uisﬂausummiaﬁ’miqummﬂmﬁgwmai’mu
10 viin ImaL%'&Nﬁ']ﬁumuL’Jmﬁmsgﬂ%aaﬂmﬂ
ARaUY (Retention time) wansAslATUILNLATY
(Figure 3) §awu Phytol (100%) 1uﬂ%mmqaﬁ?gﬂ
5998941 Ao 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,Z,2)-
(4.51%) wag Vitamin E (3.16%) n1ua1su
(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 (pg/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

43.966

43.002 40.967
JL 37.663 ‘LM 46.65
“ o e

B

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

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Number Compounds Chemical  Reaction % Area
formula  time (min)
1 1H-Inden-5-0l, 2,3-dihydro CngOO 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 . 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,2)- C.H.0, 21.006 4.51
8 3,7,11,15-Tetramethylhexadec-2-en-1-yl acetate C22H4202 26.215 7.35
9 Vitamin E CH.O 40.967 3.16
10 Ergost-5-en-3-ol (3.beta.)- c HO 43.966 10.36
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3.4 quisdugAuvs

PN UgMEFuLUATiZeTesasalin
Tumganinsafisiiunisatndeleniusasiuiy
wiatladanslelinge S. aureus Way E. coli Wuin
S. aureus gﬂé’ugﬂﬁﬁizﬁmamvﬁuﬁu 0.25 mg/
mL wazanansasnlgnsesuaududu 0.5 me/mL
vuzdl E. coli éfaﬂﬁz’fﬂmm’fm%ugjnﬂ’hﬁixﬁu 0.5
me/mL dwdumsiud ues 1 me/mL dwmiunis
ghide Faandidiuin S. aureus fimrwilasioans
afinlunguinnd £ coli (Table 4) dunan1sinloy
nsfudadneda Agar well diffusion Wui1 @15ann
fgndsuuunafiseris 2 vin Tnsvuinvesleu
nsfudafisdy domududuvesasafiudu
(Figure @) wansbfidiudnauisadudsldifindu
(p<0.05) ﬂgﬂﬁ‘ummiﬂlumiéjugwm S. aureus
WeeossrRumudLduiivuaniieninves £ coli
(Table 4) Ssaonadasiudl MIC way MBC Tiuand
Wi S. aureus finnailasieansarialunguinni
E. coli agnslsfmuarsadalungiiqniduds
S. aureus uag E. coli sneniiuzinddadu
elunirdunanisiiaseidiendosqanssmi
BlannsounuUdInsIA (SEM) fsnuinwaauundiise

fdudaansadalunganinsaiinasadidemouas
wadguia dnstalvavesarsnelumad nsuvs
waaRaUn® wasiiwanuiusglaiisey (Figure 5)
Faunnsrsanisadund [14)

4. 39150d
awaﬁﬂqumﬂLﬂimﬁiﬁmﬂmsaﬁ'@ﬁw
wealladansledn lngldientueaiesay 95 (Ju
#rvinazane dar¥esaznandnaoudieguile
Wisuiguivansanaluuwy (Maceration) 39
msafaLuY Soxhlet fiflsenuinlinandnyssana
Soray 510 diolilevuearududulndifeatu
[15,16,17] LLﬁﬂdiﬁLﬁuﬂ’]mﬂ%ﬂguLﬁ&l&ﬂﬂmﬁlﬁﬁ@’]ﬁ]
Hrefindszansnmlunsvharentagadie duwa
Tfansdduazihiugnuanudesoonuildunniy
Tuvasfiandvesansataiiannuadng (L% Ay
Judilen (2%) wazdmdes (b%) Wesniningdu
lungan wansliiiuinnszurunisadindinase
nswasunlasdnasdnuazninisnin eewn
nsrUIUNSanaiinisidlenueasuiunsnaliin
usudouanadusansiledn ussulazgumiinife
Fuluseninesmisate deenaviliAnnsaansdn

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 (meg/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 6,000 (E-F)

magnifications.
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UN4AIUVDITIATAY sausAnududuresans
Usznoutluednuasmsiivdunensemeansluans
aftn ansaneilafidnuagiwddanien Adoudu
Feaenpdoefuseauiinium (18] Smuii ansadn
‘Lquﬁﬁvﬁmmzﬂ?{uﬁﬂwasmﬂfwﬁwamwmlﬁs
asuszneuituednifegluly Armnuading (L9
vosansatadasiun Tuvaedien a* wazdn b*
Anau wanslifiuindvesarsanaiilnudiletousi
Faaenadostunisdunndnuaiznianieniniiny
Suiiloanannisaundevesnaslsiladuazans
Usznauiuedanusstinluaisania [19]
ansddfinsanuluasatnuszneudie
nauansiuedn wesiiuesd nsnludu uaginndu
natevila laglunguiluednnu Eugenol uag
2-methoxy-4-(1-propenyl)-phenol Faduanseon
vt A neauindigsiuouyadass
Frun1sdniay uazdugdunds Snveduduans
ddninuldmlululung aenndesiumenuneon
il [20] venanilSsmuansndume o Tiun
Neophytadiene gz Phytol Faduosiusznaundn
osansarn lnstane Phytol Sseeuirdignsdnu
BUYADATLUAYATUNITONEUDL YA TINTHA
fudsnsiasyvesgdunidvatsyin (21] aenndos
funansvaaedInTIaNUg VS UoyYadasTuaz
qméé’mumﬁﬁa @ 9,12,15-octadecatrienoic
acid (Linolenic acid) finsranudunsalushusndu
ffisreeuinfignddiunisdniavuasdieasy
AL ussvesfionids luvaed Vitamin E

a

(a-tocopherol) (uasinueyyadasziiazanelu
lashu vhwihfiundeswadeinanudemediinan
2YYADATY WAy Ergost-5-en-3-ol Fudu Sterol
derivative fiflunumiieatestuanunsivende
Fuaduazisenuidignssugdunid [22]
arsatalunganinsafisiunisadagiae
ousatiuiusansledndiusinaiivednimun
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LLazﬂ%mmﬂmhuaaﬁﬁyﬁwma&_Jiiuizﬁuquﬁa
Wisuiflsuiuansadalunganemideiiseauin
fUsunamuednegluyis 300-450 mg GAE/g uag
Waluesdaglutie 20-35 mg QE/g Imﬂﬁuagﬁu

=

Bnsatanazfvhazaredld [23,24] wanad
#nenmluninduaisdueyyadaseia nans
nagouldhasasalunganinsadanuanansaly
nsfnusyyadaszaenadosiuauiferiniiuun
[19.25] nan snaaeunssudanisadislunsnesn
lodlngds Griess reaction wuitansadnlungdl
dnenlunisduda NO 18 Fedusitudiunnsilans
Uszneuitueanfianansadudinisadna NO Wunis
annsuinlulesd [26,27]
asanalunganinsaanansadudanisiaiey
84 S.aureus wa E.coli ¢ Tngwuinanansadud
wupiFeunsuuantafnituuaiisounsuay A
WANANAINAIEINNTAES U LRI ATIAS 19K
wadvoswuaiise TnsuvaiiSownsuauiiniagadd
Fudaunin finesu (Porins) ithesinnssiues
asdigivad uarunsuaudsdifevutunonsev
nifnwadfiusznaudiedlnindusannslse
(Lipopolysaccharide) #331/nn15unsgsinuves
aseangnininnisuen dwalvansafnainis
dgwadldvinnit luvasfitundilalnauay
(Peptidoslycan) vasunsuuInduszanSainsily
nsidenduansingwad allanubeansanngin
HYNN [28] IngHan1s AT imENaeIqansTe
BLlanATaULUUABRINTIA (SEM) WUILYARUDY
S. aureus wag E. coli fiinunsduifaansarivlumg
annsadinsUAsuamsdugineegisaio
finwazAinUnd W nsslnavesansmeluwad
(Cytoplasmic leakage) NsuUdwaaRAUNG Laz
Ruwadususyliiioy anwnariaseuliifiud
a15afnluNgANINIAFINARDAILANYTNIVDIN
waduazidoruwadvosuuaiiSelaenss [29] s
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Uszneuflusdnuazrlahuseddiflogluansara
ayulnsiisenuiauseduivlsiunasludiuly
Heviiwad vilrlassainagaydennuaiiosuaziin
ns¥lnavesansiiluananislusengnisuen
[30,31] nmsdanainuinfigadldFovuasiing
guile1AnINAIdsnIenanisas1aUlln
Inlnaweulu S. qureus (WNuUIN) Y3BNITTUNIY
Bevuduuonves £ coli (wnsuav) Favinl
nsvUIuMsuUTadRnUNR alldenndastusea
Aounthiinuinrfivfidarseangningulndfiuea
a1nsanelilinN1TVARIveILad NISUANGD Lay
nsmevesUATiSe [18,22] uenaniasesngy’
nNEdaaunsansequnIsiinaAIIuLATen
pandatu (Oxidative stress) uagn1sainaeuya
dasy (ROS) Faluviarsluiu sy wazans
Wugnssu dwalviinwaaveiuniunazlaseaing
Tnesadeuanm [32] fatunalnnsdudiwesans
afnlunganinsneiaianaalnratenalnsuiu
fsnasumudery masusnisadrendaead uay
mawdeniliAnranuidemenn ROS Faiamun
aonAdoafuNaNISTIA@UA MIC waz MBC S3uvia
nyinleuiudiinansgnssuuuaiise

5. a3U
asafalunganinsauszneumeansdfsy
nauiluedn wesiiueen nnlusiu uazdaniiu lnad
Phytol, Neophytadiene Wag Tolycaine WJu
p9AUTENOUNAN Way Phenol, 2-methoxy-4-
(1-propenyl)-, Eugenol, wag Ergost-5-en-3-ol
1uesrusenauses asanaiuSunuansusenau
fuednuazaliussdge Tqnsdiueyyadass
LAEAULUATISELATUUINLAZUATUAU F9AITANET
Wiafsieafunisanusesnldansiudelundn s
ﬁﬁﬁhumammmiaﬁmluwgmﬂmimﬁaammﬂ%
ananillundndusiuasadsyaaliiuTagiu fedy
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awu%%am%aﬁm%uwwam NANGAS
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