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Efficacy of essential oil coating on tomato seeds on seed quality
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Efficacy of essential oil coating on tomato seeds on seed quality
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Abstract

At present, an increasing number of farmers have begun producing various types of open-pollinated
seeds for their own use due to the continuously rising cost of commercial seeds and the growing
interest in organic farming. However, on-farm seed production often faces the problem of fungal
contamination on seeds. Therefore, this study aimed to evaluate the efficacy of essential oils from
clove, galangal, ginger, chili, and citronella in controlling seed-borne fungi in open-pollinated tomato
seeds collected from farmers’ fields in Yawuek Sub-district, Chumphonburi District, Surin Province.
The experiment was conducted at the Seed Technology Laboratory, Faculty of Agriculture and
Agricultural Industry, Surin Rajabhat University. A Completely Randomized Design (CRD) was employed,
consisting of five treatments with four replications each. Tomato seeds were coated with 10 grams
of Chitosan-Lignosulphonate polymer combined with each of the five essential oils at a concentration
of 1%. Seed germination, germination index, and antifungal efficacy were evaluated. The results
showed that seeds coated with essential oils of clove and galangal exhibited higher germination
percentage, germination index, and fungal suppression compared with uncoated seeds and seeds

coated with other essential oils.

Key words: essential oil, seed coating , tomato seeds
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® T1 wanugaiual (waniuglulawndou)

® T2 Chitosan-Lignosulphonate Polymer Tugnsi 10 nsu

+ 1TUNDUTLMENTUNG AULVLYU 1%

® T3 Chitosan-Lignosulphonate Polymer Tugns1 10 nsu

+10 JUNDUTLNLYS ANUVNVY 1%

® T4 Chitosan-Lignosulphonate Polymer Tugns1 10 3

+ UNTunRUIZIAEYY AULVNTU 1%

® T5 Chitosan-Lignosulphonate Polymer Tugns1 10 nsu

+ UNTUNDUTZNENSN ANUINIY 1%

® T6 Chitosan-Lignosulphonate Polymer Tusns110 n3u

+ WdureusEenglasreN AN 1%
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ﬁw%agaﬁlﬁymﬁmeﬁmmuﬂsﬂmu (analysis of variance)
(ANOVA) W3suiiiaunniadsnasdsnisindeulnsds Duncan’s
New Multiple Range Test (DMRT) Iﬂﬁf[fﬁﬂmﬂimﬁ%%agﬂ SPSS
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4. HANTSIYLATITAINA

Table 1 Germination and germination speed. of tomato seeds coated

with different essential oils at a concentration of 1 percent.

Treatments Germination germination
(1%) index

T17 53.25+2.22 <V 3.5240.05°

T2 94.25+1.71° 9.30+0.22°

T3 80.50+2.65° 7.8240.17°

T4 94.50+0.58° 10.02+0.17°

T5 82.75+1.26° 6.75+0.17¢

T6 82.00+0.82° 3.5240.1°

Treatments Germination germination
(1%) index

F-test * *

CV.(%) 2.09 211

1/a,b,c Means with different letters within a columns significantly

different ta P < 0.05 according to DMRT

2/Data are transform by the asesine before statistical analysis

Table 2. Effects of essential oil coating on inhibiting pathogenic fungi

in tomato seeds.

Treatments  Percent of fungi Percent of fungi
infection (%) inhibition (%)

T1¥ 75.50+2.65°" 24.50+2.65°

T2 1.4740.34¢ 98.52+0.34°

T3 5.57+0.4° 94.42+0.4°

T4 1.45+0.26° 98.5540.26°

T5 10.27+0.1° 89.72+0.1°

T6 8.27+0.36° 91.73+0.36°

F-test * *

CV.(%) 6.53 1.34

1/a,b,c Means with different letters within a columns significantly

different ta P < 0.05 according to DMRT

2/Data are transform by the asesine before statistical analysis

Namﬂﬂﬁmgamuﬁﬂﬁuﬁ: &ﬁ”iﬂwaal,uag Chitosan-Lignosulphonate
Polymer lugns1 10 N3y équﬁufﬁﬁwamzmamuma 9 9
w3n azlas fieuauey 1% lusdaiuguzdelagnuaude
wun wEaugililaedevianusenuazdiinngsent 53.25 %
waz 3.52 aumetudesninsiwhanevendoswhiniany
qaﬂLLazﬂamL%ﬂuﬂwsqaﬂﬁlﬁi"miﬂmé‘mﬁuﬁ:ﬁﬂmmsmﬁawﬁuw
Wodues Chitosan-Lignosulphonate Polymer LLaz‘ﬁﬁﬁuﬁau
aviveriing ue luaruITuAuAn ATy Fanuanudaiusi
mﬁa‘uémﬁuﬁwﬁuwamsmamuma LAZYIALTLTY 19% 3
ANusenYBLAngianfe 94.25% waz 94.50% wazdavily
A1598n71 9.30 way 10.02 Aune’u (Table 1) warnudnsin
Fmevesdiesiiies 1.47 % wazl.a5% wazdaunsadudude

A 98.52% LAL98.55 %

éaumﬁmﬁuﬁ:qum :ﬁLﬂ@%L%uﬁﬂWiLﬂTwﬁwawmawﬁy@sﬂqaﬁq
75.50% fmsdfudadoifios 24.50% (Table 2) wisiugiiadeu
émﬁ’wgm’wamxmamumammaaé’ugwﬁra Aspergillus
flavus lngeiuiiesanluhifunonssvenuwadians Eugenol
(60-95%) tueeruszneudaduanssman Phenolic compound
ﬁﬂi%ﬂ@UlUﬁT’J‘c’JﬂfiM Hydroxyl (OH group) %nﬁqwéiumwﬁy’m
Woa lnsazlusudanisvinureseulendiignilunisas
ansezvamenay “UaﬂLsﬁaiﬂ Aspergillus flavus mmmé’ué’?&
mm%ayuau%asw Aspergillus flavus alneivasifunnistiuds
wifu 99.29% wlenmapunsdiud in1sasiadon Aspergillus
flavus wuansadud snisienvesaos Aspergillus flavus
1a 100 Wesidun [6] Fadulvlufiemadentuiv (1] finun
1}1ﬁwamzmamqummmé’uéﬂvﬁyﬁjﬁéﬁ’ﬂﬂa'”nléj WaENg
mﬁ'a‘uLma‘myaamiaﬁ’mmﬂmumaﬁszﬁ’ummmymyuﬁqLm'
1.0 fiaddns mewdn 1 Alansu Tuluivszansamluniseuey
L%@i? Aspergillus flavus wag Aspergillus niger ‘[(ﬂ‘c’Jﬂ,'jL‘UEJ‘Qj L%w?
miﬂ%ﬂ%@&ﬂmﬁlw 63-68%Waz 87-91% AUAINU LAZIINITY
NPBRsed [3] WU uREsalanEIUY wasnzlasaunsaduds
Fovla warnunansatavetuannufinTaeLey 20,000 ppm
annsadudinsiialsaueuunsnluauulunzaasle 1009% wiely
ﬁauma‘dqm%@ Feaenmaesiuaiseves [3] numasataain
YrileaaNYY 25,000 ppm aansadudinistenvealesves
Lﬁyaiﬂ C. capsici C. gloeosporioides Wa¥ Pestalotiopsis sp.

laeensauysas Tuvaied [6] 191111 dduveussimenzlas
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fszumnumT 500 ppm annsadiudfinmssenvesalasiion
Colletotrichum coccodes, Botrytis cinerea, Cladosporium
herbarum, Rhizopus stolonifer wa ¢ Aspergillus niger Tu
ﬁaaﬂaﬁami anuhifumeussmenY T3 1-acetoxychavicol
acetate (ACAC) uazanslunquiluoaansivaninumnluan uas
ﬁqm%iumﬁugnﬂﬂil,aﬁzglﬁuimaal,%aﬁ 6] Svaziiulaninay
NPaDIYDY [1] 17‘1'ﬁﬂ‘lﬂﬂ,‘lﬁﬂﬂﬂ@Uﬂ’J’WiJﬁ"lll’]iﬂiﬂﬂ’ﬁ EQJJUEQJQ;QﬂWS
L%iﬁgﬁuaﬂﬁiuaiﬁ Colletotrichum gleosporioides mmﬁﬂimwu
wnsnluafiwenlnanansn B9U UHN Lardean ansarfav s
YU akanIAIu@INITatuNITE U adaﬂﬂiLa'?zymaaLﬂ’?yaiw
Cladosporium herbarum ﬁuw?% bicautography UUKN Y thin
layer chromatography dlonaaeu Usunaansataneruunlu

n138udIn1sIenuesalasiiies C. gloeosporioides.
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mimﬁamma’j’mﬁ’uﬁ:ﬁ”wwaémai‘ Chitosan-Lignosulphonate
Polymer (utanuausiudvarsifunouasie nuwa s 9
win wglas Tudms 1 % wun ddunenssmeanniuyauas
Piivsraninmiudadeslafie 98.52% uar98.55 % wawdd
Anusenuazirinssenginitesndveddydafleioudy
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Research Article

Effect of cultural conditions on regeneration of Molineria latifolia (Drayand. Ex. W.
T. Aiton) Herb ex. Kurz.

NAYDIANIIZNTSINIZIABSABNTSSvasilalialudtudnan (Molineria latifolia (Drayand. Ex.
W. T. Aiton) Herb ex. Kurz.)
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Article Info Abstract

Received 3 April 2025 The objective of this experiment was to study the effect of culture conditions on regeneration system
Revised 16 December of Molineria latifolia (Drayand. Ex W.T.Aiton) Herb ex. Kurz by tissue culture. The experiment was
2025

designed by factorial in CRD with 3 replications of 3 experiments, 1) Determination of antibiotics for
Accepted 22 December
2025 sterilization 2) Examination of medium and light conditions for plant regeneration and 3. Effect of
plant growth regulators on plant regeneration. The results showed that 1) MS medium with 10 mglL™!
meropenem gave the survival explant and inhibited bacteria in explant. 2) Liquid medium gave the
survival explants higher than solid medium at 78 and 67%, respectively and dark condition also gave
the survival explant higher than light condition at 78 and 11%, respectively. 3) In the culture on
medium that added only auxin or cytokinin any regenerated. However, in the medium that added
auxin and cytokinin (0.1 mgL'NAA and 1.0 mgL'BA or TDZ) with activated charcoal gave survival and

induced to calli higher than others condition. In these experiments, these conditions could be used

to regenerate the calli for Molineria latifolia (Drayand. Ex W.T.Aiton) Herb ex. Kurz and Arecacae.

Keywords: Molineria latifolia (Drayand. Ex W.T.Aiton) Herb ex. Kurz, Plant Growth Regulators, tissue

culture
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Meadffi seAuaNfesiu P < 0.01 (%) P uaz ns wansdsludaiiy
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ANTILAENUNDIMITAUATIL MS ThiuaIsAIuANn IS syiulnUsenm
vonFuuazlylnladusiuiulussauaunduduiin i uazifusauny

activated charcoal

Plant Growth Percentage of regeneration

Regulators (PGRs) (%)

Auxin Cytokinin + activated - activated

(mgL™) (mgL™) charcoal charcoal
0.1 NAA 1.0 BA 80 a 46.67 a
0.1 NAA  1.0TDZ 80 a 46.67 a
0.1 NAA  3.0BA 20.00 b 20.00 b
0.1 NAA 3.0TDZ 26.66 b 13.33 b
C.V (%) 46.75 57.34
F-test * *
Activated charcoal
+ 55.00
- 28.33
CV.% 70.01
F-test *

NUEn: AadnwIwanaiulupeduuFeIfuLERIAALLANA 1T

asd o 4 o =y 'a @
MeadRnszAuAMILTaY P < 0.05 (%) uag ns wanstsludnnuuananeiy
MFDA
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1.0 mgL™" TDZ 1.0 mgL™ TDZ

0.1 mgL"' NAA

+ activated charcoal - activated charcoal

il 2 Budupadauazsueeuiiainsosentiauasisuin il
gnsemsane 9 Id (fuszesiian 12 §Ua1vi (e9msiidu activated
charcoal ﬁ:vm“fyuﬂ'auﬁlﬁymwmmsﬁhilﬁﬁﬁy activated charcoal ?{uﬂ':ru
smeauysalludinmii 6 (Bar=0.5 cm)
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Abstract

This study aimed to investigate the effects of incorporating germinated Hom Mali brown rice germ
powder from Surin Province, produced by the New Theory Agriculture Community Enterprise, Khokoh
Sub-district, Mueang Surin District, Surin Province, as a partial substitute for wheat flour in crispy
bread production. The chemical analysis of the germinated brown rice germ powder indicated
moisture, ash, protein, fat, carbohydrate, and dietary fiber contents of 4.03%, 0.51%, 8.53%, 9.92%,
83.46%, and 0.349%, respectively, together with a GABA content of 9.54 mg/100 ¢ and % DPPH radical
scavenging activity of 5.86. The crispy bread formulations were developed by substituting wheat
flour with germinated brown rice germ powder at five levels: 0%, 10%, 20%, 30%, and 40% by.
Sensory evaluation was conducted with 30 untrained panelists. The results indicated that the 20%
substitution level achieved the highest acceptance in appearance, color, aroma, taste, texture, and
overall liking, with significant differences (p<0.05). The chemical properties of the 20% substitution
sample showed increased protein (12.18%), fat (16.09%), and dietary fiber (5.27%), along with 1.03
mg/ 100 ¢ of GABA and % DPPH radical scavenging activity of 0.72. Minor physical changes were
observed, including a decrease in lightness (L*), an increase in hardness from 22.93 N to 25.17 N, and
a slight increase in water activity (a,) from 0.52 to 0.58. Total microbial counts were 0.23 x 10* CFU/g,
which complied with the Community Product Standard (TIS 523/2547) requirement of not exceeding
1 x 10* CFU/g. In conclusion, substituting 20% wheat flour with germinated Hom Mali brown rice
germ powder from Surin improved the nutritional value of crispy bread and demonstrated potential

for commercial development as a health-oriented functional food product.

Keywords: Crisp Bread, Germinated Brown Jasmine Rice Germ Powder, Wheat Flour Substitute
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Development of Antibacterial Microemulsions from Ajowan Oil

ASWAIUILaURAKUATILS e TulAsDNaTUINNUNTU s UL WA

Usznms ygyll", v sudmna’, wang ludiuy!

Prapaporn Boonme?’, Chanapa Thanausawapol’, Navaporn Chotipintu?
L3 A luladndunssy AMSLNEYANERT UNINUIFYENYAIUASENT d@9van 90112
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Article Info Abstract

Received 15 May 2025 Acne and body odor caused by bacteria disturb persons’ confidence in daily life. Therefore,
Revised 22 December cosmetics containing an antibacterial agent are one option for solving these problems. This
2025

research aimed to develop antibacterial microemulsions using ajowan oil as an oil phase and an
Accepted 23 December
2025 active ingredient. A mixture of water and polyethylene glycol 400 in a ratio of 1:1 was used as an
aqueous phase. In addition, a mixture of Tween-80 and propylene glycol in 3 different ratios,
including 1:1, 2:1 and 3:1, was used as a surfactant mixture. Microemulsion regions from 3 systems
were obtained. Then, two formulations from each system were prepared to obtain 6 formulations.
The prepared formulations were investigated physical properties and stability when being stored
under normal condition at ambient temperature for 60 days. Additionally, antibacterial activity
against Staphylococcus aureus was evaluated. In the physical property tests, the results showed
that all formulations were transparent yellow liquids and they were oil-in-water microemulsions.
During the storage of 60 days, their pH values were 6.74 to 7.43 which is in an acceptable range for
skin-care cosmetics. They had Newtonian flow. Their viscosity values implied for ease of skin
application. Data of quantitative analysis of ajowan oil using UV-visible spectroscopy technique at
the wavelength of 275 nanometers exhibited that all formulations were chemically stable. The
selected formulations for studying the antibacterial activity could present inhibition zones.
Therefore, antibacterial microemulsions from ajowan oil had potential for use as anti-acne and

deodorant cosmetics.

Keywords: Ajowan oil, Microemulsion, Bacteria, Acne, Body odor

*Corresponding Author. Email: prapaporn@pharmacy.psu.ac.th
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N7U-80 (Tween-80; T80) Auluslwau lnamea (propylene
slycol; PG) 1y 3 §msndau fe 1:1 21 waz 3:1 lngynidn
LLaﬁgmﬂﬁwﬁﬁnm Ao YBINANSTWINIL (water; W) Funea-
1au lnamoa 400 (polyethylene glycol 400; PEGA00) Tu

ans1an 1:1 lneutin

2.3 mMswmsguansutaunuaiielulasddatuaininduiou

I
LI1INIEUY

idlelanuililasdiatuainii 3 szuudeiivewaussyinansan-
wssfafafuasanusafeiaTuinietunas Wenaadifdnaon
vosigmathifusinanignieth welvlalilassfatuiau
Tuth waiivSinaansanussisiam Weanaudsddunisiin
ANUSEABLABIRBRINTY Tngldonainseuuas 2 30 wiawdy
Funuveupazsruy Sesndu 6 MU antumdeusifuaie
nsAuRaNEILUsTnaUTmAlna T Inew3ew 3 9 (triplicate)

gaumgilagseu
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2.4 NMSANENENUALALANNAIRIVDILAURALUATILSE lUTAS

ddaguaNUIduABULEIINN

Funpdnvaiiveafiumenaivesifuiiniele lown A
la wasd Anvviaveslulassiatulnedunanisuauniula
dleidean4 (drop dilution test) mpnsneaiiegsadlufinans
Faduansazaned brilliant blue luthuazansazaned Sudan I
Tushsty saudeaanasuilalvin (conductivity) 993620819928
electrical conductivity meter (Mettler Toledo, Switzerland)
Fappusdunsa-aa (pH) fE pH meter (a-AB33PH, Ohaus
Corporation, USA) Jaanumila (viscosity) wag@nwiguuuunis
@ (rheological characteristics) A28 rheometer (DV-III Ultra,
Brookfield Engineering Laboratories, USA) Iiﬂ‘&ﬂsl;l spindle No.
31 ‘ﬁlmuﬁwmmﬁﬁau 30 50 70 100 W@y 120 soUAUIT
(rpm) wanthweyadilaluifou heograms semansaruiaudeu
(shear stress) fusnsdou (shear rate) lng¥annautd 3 41

gaumgilagseu

Anwmunsiinmelaannzund Tneius$uluraunla 1
gamaiilagsou Wuszesiaisiu 60 Tu Mnudunauazine
n1sasuLUasuesdudinieg nen1enm saudainsien
Usunainafuisutenannallus $uiiign 30 way 60 Su
Wasuisufudioduny (e 0 5u) sany audinuaumie

PANWINIET 0 way 30 Ju

2.5 N15AATIRUS U NS Tg U INI 6l

sziSinanhduiiewenmdmenaiasansillownuaz
Fd0aaninsalad (UV-visible spectroscopy) Taganunig
pAN&ULAY (absorbance) 183asarasUsuLB UL Il
vy 100 lulasndunefiadans (pg/mL) luenueasesas
95 Turasmuenay 200-400 uiluass (hm) Tnglsieniues
sovay 95 Wuwuan (blank) Lﬁammmmamﬁuﬁ@ﬂﬂﬁuuaﬁﬁ
g9an (maximum wavelength) vesinsiulfisuenimdnag UV-
VIS spectrophotometer (UV-1280, Shimadzu, Japan) iy
a%mswﬂmmgm (calibration curve) S¥MINIAUITUTUYD
ansazanevuiisuenmalugienuuty 20-100 pe/ml
Tuienueasesay 95 LazAINISAANAULASTIAIINYIAALT
asarasttufisuedlueniueasesas 95 ganduuas

logean FadlinauninneainnuduiiusiBaaunss (inearity) lned

Ardulseansnisandula (coefficient of determination, r%)

2977 0.999

£
v A

AsTasisnUsInansuisue i ludiu Tdunousad
Faiuwoudinuaiiselulasdiaduainuiuiioueanid
0.0200 N3 meAIeeds & s (Sartorius BP 300 S Analytical
balance, Sartorius AG, Germany) 910 uzu azaunazdsu
Usumsluasu 25 Tadans (ml) nagleniueasesay 95
TuraniaUsuns (volumetric flask) wuna 25 mL annvunly
i’mﬂlwmi@ﬂﬂé‘uumﬁmmmmﬁuﬁ@mﬂﬁ‘uLLmlﬂyqqqmmmﬁ
aunula Inglslenusasosas 95 Wuuuasn vansgandu
wasvesaiuysznevdug lumivdunsoulaonanluvdauag
Usinandeafususmiuidne snnulvdhunudidudieu
il lnaufuanisgandunasesiiogaueumuuaiiGe

v
o

llasdiatu wasileuiunsmunsgu IR evunasiieens 3 91

2.6 MsnagauUsEaNSA NvasLauRLuAfisylulasdNaty

MNUILUABULEIININIUNISEVEWD S. aureus

Anwruszansninlun1sdudude S. aureus M7 agar well
diffusion [18] Inedsaide S. aureus ATCC 25923 (DMST 8840,

nsuAneranINIshnne Uszwnalne) Tu Tryptic Soy Agar

' v v
a

Aaaunndl 35-37 °C Wuan 24 $2lud NUUYLAINUIBIMNS

q U
v ¥

\ABT0028 0.9% Normal Saline uazUiuanuyuveudolny
U%Uﬁ?@]ﬂﬂgml,aﬂﬁ;iﬁ;’w{’]fm 0.1 ile¥amme spectrophotometer
finauenindu 625 nm deaglanuurudamidy 10°
cfu/mL a1n4uly sterile cotton swab quaslunasnide S
aureus uardafurmasamiaszivresrauvailumiag
Y ld 9o (streak) VURIMY1v89 Mueller-Hinton Agar
Taevien 3 ass umazadimyuanu 60 esm elwidanszaie
819AIALD 191EVQUULIAEUNIUALENAY 6.0 Taluns
(mm) vuemsLaudonae cork borer Wi enEARIDE19T

noansnagevatlunauay 50 lulasdns annuuiilduun

NNl 35-37 OC L‘{j‘HL’JaW 24 F3139 WareuNalagInlEuNIY

ANENANYDINUNE UG UGB (diameter of inhibition zone)

A28 antibiotic zone reader L@anAN®I 4 H15U AB ME-1 kay

ME-2 Faogluszuu 1:1 T8O:PG ME-4 Fangluszuu 2:1 T8O:PG

uay ME-5 sogluszuu 3:1 T80:PG lnglen Clinda-M® Fauu

Wanfumnnisaluguatsarateiusznaunlgen clindamycin
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hydrochloride 18 ULM181 clindamycin base 1.0 n51/100
fiaddns 1unaualuAuLULYIN (positive control) wae sterile
normal saline LﬂjuﬂquﬂQUﬂuLLvuaU (negative control) Anw1

fMeyay 3 9
2.7 Mm3nszvidoya

AATILNVBYANANANILNITIATIEVANURUTUTIUNIUAE?

(one-way ANOVA) LLaxmaamwﬁmwﬁa (post-hoc test)

3. NANT59YLATBAUSIINANISIAY

3.1 wuilulasdiaduluwnunmwignmalasaadiey

v
a a =

nan1sAnwIngAnssuigaIAnunuilulasddatuninvuly

v
< o

3 52UV AT 1 lagssuunduTunamiu-80 asguiiuiluy

NagimAnnuilulasddatuauinvyiu ntdudenyaly

Nunlulasdiatuaiununiiivug fellaiuusenaunamnsian 1

1:1 W:PEG400 AO

£ & £ F & & £ & & &
1:1 W:PEG400 AOC

1:1 W:PEG400 AO

2T 1 urunInigaalasnimiiguyesssuuiiany) Ingusiaaiiusia)

uamaiuiilulasduat

#5999 1 gasihiukeuduuaiiselulpsadaduaimhduiieue gl

. dandu Vs (Josazlaeviwiin)
A5y
T80:PG T80:PG W:PEG400 AO

ME-1 1:1 53 40 7
ME-2 1:1 49 a4 7
ME-3 2:1 50 a2 8
ME-4 2:1 40 54 6
ME-5 3:1 a7 46 7
ME-6 3:1 38 57 5

3.2 dUUALATAINAIAINIIN1EATNVR I URKUATILS lULAS

v
v o °

dNaTUINUINULTA UL NG

o o

wounuafiSlulasafaduaininsfuiieue gl fnIeslas
6 15U (ME-1-ME-6) fdnvaduveanasladmiosoou nanns
Funadnuwarivesfiumeniua1vewinFundauiu ME-1-ME-6
Turaaunala feamnilasseu Wussezinan 30 Tu wurmn
ifuduvennanla lulAnnisuendu wnidimdeawsuniidle
Buay wasnduiu 60 Ju ysiuiinuusmuiofundai
30 Su fanndt 2 uplununsasudueshsufioue g
e Adunelnannvifeaiu ?jahimwml,mﬁl,m%ﬂ AR
Me1ainanUfAtereendintureasatsznovunsila iy
nanluulaBus (unsaturated fatty acids) Tudsufiniloaglu
anmeiiihi Tneneununi fisreeunlulassdatuimdeuan
Yifungnsuaylulasdiaduilnsounnisunzneniawuiy

A 2 o

Wiatiufigungil 45 °C u1u 3 Wow vaugMihlutsnsuag

v '
° o d

Prfunzneninunielaaniigmedduluifnnisildsud [19]
fay Asiiukauawuamselulassiaduainiiduiou
wrmdlunvugiukaiguuniia vsewinasnueuLadasy

(antioxidant) aslusin3u Weyzasn1sinU)ise1oandiatu
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2T 2 dnvieiiveniudignndarveduaudsuniiselulasdiatuain
uduiieueamdl vaunses (Day 0) usznanfuiigamgilngsouuiu
30 71 (Day 30) uag 60 714 (Day 60) (n=3)

V]qﬂm"ﬂfumamsuyﬂﬂuulﬂy (miscible) AU brilliant blue aqueous
solution wa'lumaN LAY (immiscible) iU Sudan i oily
solution (voyalaians) uaznnsudaniniliviadonds
Wi 15.73-31.36 lulasdiud/mufians (uSs/cm) dedaiu
arfigelunsdiiainusznovlusiuduarsiluivsgg dof
nssudulilasdifatusiathiuluh desanivsinaigane
ihgenigniathiu uenaind wunnsiusiu 60 fu ludiua

pavilavedlilasdiadu fawnsen 2

Audunsn-n1a (pH) veannsvegluyisfiviunans Fudu
Areausulalundnfumasasdiansdusuiianssa nisuiu
F15uuY 60 Tu ludnanamnufunsn-nne AIn15199 3
Han13AnyIFURUUNIsInare i Sundunsey wasnduiud
9auAlALIaUNIU 30 JU WUI rheograms TENINIAULAY
a Y a o w aw v Aa )

Woududnsudeuveswmnisuidnvasiduaunseiiinnudu

N ¥ ! v 9 o o a ~

A (eyaluuans) sy naasulnawvuidiladey
(Newtonian flow) [20] fadudnuwauzianizesrwilavadlulas
g3iatu [13] nnssudanuniaedenaunisy 123.1-219.0
wuRneowd (cP) Wainiausisou spindle 120 rpm AILEAS
Tupns5199 4 Fadupnunidalugresinivuiinndslaame ndufu
f13U 30 YU Aanunilnanas sgnalsiniy Insisuliasuas

FIANAIN AHANTENUABANNFANUINITNIRINT

775299 2 AnrsilwihvesueuauuaiiSelulnsduiatuaindidiuieu-
wramel vauaeu (Day 0) uszvaanfuiigamgillagsevui 30 Ju (Day

30) waz 60 34 (Day 60) (mean2sSD, n=3)

AR (uS/cm)

AU
Day 0 Day 30 Day 60

ME-1  15.73%0.80 16.1010.89 19.4611.85
ME-2  18.47%1.24 21.42%1.50 20.30%1.99
ME-3  18.64%2.41 17.32%1.12 18.37£1.63
ME-4  23.89%0.75 27.67%1.79 27.50%0.65
ME-5  17.41%0.63 21.02%0.69 21.58%0.99
ME-6  31.3610.83 29.94%0.47 29.19%1.24

#1599 3 pH vesueuduuanisylulasdiatuamhduiiyueawial vae
3oy (Day 0) uasvaniuiigamgilagsevuiu 30 3u (Day 30) uag 60

71 (Day 60) (mean2SD, n=3)

o o pH
13U
Day 0 Day 30 Day 60

ME-1  7.2740.06 7.0310.06 7.0210.19
ME-2  7.40%0.04 6.9910.08 6.92140.04
ME-3  7.40%0.05 7.1410.04 7.0310.08
ME-4  7.43%0.06 7.01%0.06 6.8410.07
ME-5  7.41£0.03 7.1910.02 6.9510.03
ME-6  7.41%0.01 7.04%0.07 6.7410.06

m15997 4 Auniaiinunsiseuluniswyy spindle 120 rom veduous

uuaiiSylulnsddatuainudindieueranig vaunieu (Day 0) uagnad

Wuitgampillagseuntu 30 3u (Day 30) (mean2sD, n=3)

AUniin (cP)

A5

Day 0 Day 30
ME-1 127.510.5 123.410.5
ME-2 123.112.0 117.9+1.4
ME-3 187.012.7 168.2+2.4
ME-4 174.0%2.8 157.610.5
ME-5 219.013.4 198.410.8

ME-6 214.1%11 1952423
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3.3 ANNUAIAINIARVBILaUALUATISY U TATBNATURIN

g L = =
UNNUNYULYTIINTE

f\]’mﬂ’]ial,l,ﬂuﬂl’m’]i@ﬂﬂguuaﬂ Wuasarats Ty
wrndilulenueasesay 95 @Jmﬂﬁuum%ﬁyqﬁmmmmﬁu
220 uag 275 nm i 3 egnslsinu danundululaniea
(peak) 7 220 nm inansaviazais lunisfineadl suden
Anseniiaueedy 275 nm Judennaesiuaiueaduly
N13QANAULEIYRY thymol Fadussruszneundnluthuiion
wImEl g nasusuiouuaiise [21] nan1sasiansaw
UINTFIU WUIAATLTUTDIATarae T uB e Iwl
Tuemueasesay 95 lurIsAAULTY 20-100 pg/mL UAZAT
n1spanduuasiininueniadu 275 nm darmduiusdadunss
Tnefia 2 = 0.9996 uazoSUIBAEANNIS y = 0.0092x —
0.0059 ffe y Ao A1N19RANGLLAS WaY x Ao ATMLTLTLLBA
ansazariduiiswenaluloniueasosay 95 nanas
AnmzUiinahiudousmdluhivlulassiaduieyly
gﬂm‘iﬁazaWEJiéTrLuLamuaa;aaas 95 LLazmmm@mﬂﬁuLLmﬁ
ANEIAAY 275 nm wandluais1ef 5 FanuauTuumds

a v & ) = o 'a ! )
WSHULATTANAU 30 U 593 60 Tu Tudanuwanaiaiunig

'
a

adifl (p>0.05) Hufe nnd1suiANuAIILAintelnaniy
Anw Wielinszuluguves thymol eenslsinnu wunsiudewd

FIrane1ainnUiseeentinduvesnsalusiuludud

0]}

a1 L

eLeee 4
Jdiv) | | 1%

RS RS S SR

-[,3004
200, 0nm i hosdiv)

275.0nn_0.95084A

400, A

NI 3 MITPANAULEIYDIAITAYA1NITUTIYUEIINIEAINTUTU 100

pg/mL Tuovveasoeas 95 lurasparue1pdy 200-400 nm

M99 5 USuanhdudigugrmallug)svlulnsatadudeeglugasi
avargldleniueasogay 95 uavaInIsanANAULAITIAIINEIIAAY 275 nm
waunTey (Day 0) uagvauiuiigamgilagsevuiu 30 3u (Day 30) uay

60 91 (Day 60) (mean2SD, n=3)

YSuraunduiisuenanigl (nSu/a15u 0.0200 n5u)

A5
Day 0 Day 30 Day 60

ME-1  0.0013%0.0001 0.0013%0.0000  0.0013%0.0001
ME-2  0.0014%0.0001 0.0014%0.0001  0.001410.0001
ME-3  0.0016£0.0001 0.0016£0.0000  0.001620.0000
ME-4  0.001240.0000 0.0013%0.0000  0.0013%0.0001
ME-5 0.0013%0.0001 0.0015%0.0000  0.001410.0001
ME-6  0.0011£0.0001 0.0010£0.0000  0.0011%0.0000

3.4 Useansnnwlunnsdugada S. aureus Ya9LaunwuUAiiLse

Tulasddatuainunsuiisuieninig

nan1sneaauUsEansainlunisdudaude S. aureus AN 4

WAZYUINVOILAUHNIUAUENA1IVBINUNEUGUYD S. aureus

Tum15197 6 WU2191 Clinda-M® FardunquaruauuuuyIn

v v
v v A

annsadududelan Ima’[,ﬁmaLf:whu@uéﬂawuaaﬁuﬁwmLﬂzja
wuafiSeifivunalng vagi sterile normal saline uidunqa
AIUANKUUAY Tuanunsadudaude uanmisnadeuitledany
Qnaes uoufuuadislulasdiatuninihduioueamd i
Fenunfinw 4 f3u fio ME-L ME-2 ME-G uaz ME-5 vhlwiin
Muisudndenuniisela deuuaits 4 srsuilunaiduniy
@uénmwaaﬁuﬁﬁu&LG‘?‘?@LLUﬂﬁL’%*&JGﬁ"miwm Clinda-M® 111 um
fianlnawdssiunanisdudade s aureus vonan fumianas
ansananeruanaauluslusisnuioneunini [22] nanns
Ainszvveyanisdusaude S aureus 89 ME-1 ME-2 ME-4
waz ME-5 a8 one-way ANOVA lap1 p=0.026 wamsaniimany
Lmm;ﬁwamLagaaéwaﬂaﬁmﬁaﬁismiwqﬂﬁjm Asziudoddry
0.05 wagwlan post-hoc test A1875 least significant
difference (LSD) Wu31g ME-1 U ME-2 uaze ME- U ME-5
finansdududs s. aureus lauannefunieada (p>0.05)
Wi ME-1 uaz ME-2 inailunnaneann ME-4 uag ME-5 ognail
Todnity (p<0.05) fadu weuinuafielulassifaduaningy

= =Y o o A= o s a o &
WIgULEMINIENe 4 ansuiddsdivseansaanlunisdugaude S.
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v oy
v oo A

aureus IAEAIRUANAREVDILAUNUAUENANVBINUNETUEUTD

wuafieanngslusin fie ME-2 & ME-1 > ME-5 & ME-4

nsAned TuaunsaUsefiunnuinvessenanaUsEansan
Tunsudadle S. aureus furdinuazUSunamesdiulsznouly
i3ulnegnstatau iesanssuvlulasddaduiane siilnin
Hudilulasssaturunadnuasidnvarlnadesiu m3ufiden
aniluitlalasddatuidinnulnaiosiunie senslsing e
Wisuisugrslunséiudade . aureus vo1 ME-2 waz MES
FaihhstudouermdluBinasesas 7 lnedwiinmniu uwad
yu-80 TuuTunmsan Raiduniu-80 sevay 24.5 Tagthwin)
wazgedn (Anduniu-so sosas 35.25 Tastmin) nuddy
Wu21 ME-2 Slqniganan ME-5 ogreiiifeddty (0<0.05) vauzdl
ME-4 siiiduiisuenwidluiunas fovilunmssudude
S. qureus sme faiu Yszansawlunissudads S. aureus
yeasfulunsaned Wunasndudieuenmddwimnd
ustsansedyiifignisududonuaiisauas Tgaadaiuly
13U UBNIING U ME-G wae ME-5 Fefitnsudioue i
TudSunmsosay 6 uag 7 lasdwinaudidu Sqnidudude
wuafiSeluunnansfunsada (0>0.05) osanuavesuSuin
N31-80 Ty

v v
v A

Lﬁam?a‘uLﬁﬂ‘ur’hmﬁ'a‘uaqLgusiﬂuque;ﬂmwaaﬁuﬁé’umm
LUATIEeY0einSu ME-1 ME-2 uay ME-5 Fafiusinanisiuiiou
wingisesay 7 Ingtamtinumniu weiivSunamiu-80 aneiu
FednTunsu-80 souay 265 24.5 uaz 3525 laguuin
AUEIRU Wua1 ME-5 dqnssudaudeninan MEL wag ME-2

pg9ildAny (p<0.05) UARIFNFUNTUTUIUNTU-80 F9TUU

v v '
o A

fuwlundudute S. aureus anat @oAARBINUIIBIIUNDUNUI

¥
=

dgamuanvesnansznInamIu-8o duthdumneuszive 3 via
A® cinnamon bark oil, eugenol kag thyme oil ‘Veliﬁ‘ll Suned
N31-80 QQ%‘IJ ﬁqwﬁcé’ug’uﬁa Listeria monocytogenes anag
MS1EN5TURUsEMIelAssasamalugiuilaveuth

(hydrophobic binding) U84M3u-80 futhiunensuive (23]

Clinda-M® sterile normal saline

o & e & . J
il 4 fiuiigudade S. aureus ¥99¢7 Clinda-M® (ngumauRuuuYUIN)
sterile normal saline (ngumIVANKUYAY) hazkouduuaiisylulasalati
VIl rama 4 613U Ao ME-1 ME-2 ME-4 uag ME-5 (n=3)

7150991 6 LausugUENa1NveIiuigugaTe S. aureus YoINgUAIUANLAE

woudueiiSelulaseuaduriniiduiieueranig (meansp, n=3)

¥ [ v
o

Wurugudnansvesiiundugaie

13U (mm)
mﬁumuqmmumﬂ 46.213.4
ﬂa"m’m@ul,muau No inhibition zone
ME-1 9.610.2°
ME-2 9.740.9°
ME-4 8.210.5°
ME-5 8.310.6°

PRI ~ o & X & .
NUIEL98) WewSeuiflsunadudadie S. aureus vosmaumnuasululag

datuaninufiguleInigl: fsnwsinieiu (a kag b) Lannfiang

o

upnaRiuesitedney (0<0.05)
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¥ v

fownnlasnimen nssuluns@nvddantflnadssdu
#uiunaulalunisinldiauine Ae ME-2 FesUsznoume
difufieueninidsosay 7 vemausEwanfuneateAiau
Tnaroa 400 Tudnsianu 1:1 5008y 44 LAYUDINANTEIINTIU-
80 fulnsfiay lnarea lushsiaiy 1:1 sewas 49 Tngtwiin
desnilmiefiuiidududouuniSovualng Sefluwluglu
nsladuedesdienueuiuonuarinIosdiensseiunaunie
1a uenani ME-2 fniu-80 Fuduansanussdeinluusunaues
(AndunTu-80 sevaz 24.5 Insvwiin) Fadaudsdunisiin

ANUTTANULADINBRINUIAN

4. a3UNANTIY

KansAnwinuathufisuendgnndediveglugiuuy
Tulasdsiatule WossuuusenaumevemaL s UNeA-
wiidu lnanea 400 Tushsraiu 1:1 Lﬂuﬂfgmﬂﬂfw PRGN
seranIu-80 fulwsiiau lnanoa Tushsaiu 1:1 2:1 uaz 3:1
\uansanuseiaianay oeslsinu Hudilulasssaduiivunndn
Faduradrialumsdisgrasiiu uouiuafiZelslasdaduan
diudsuenndfiwdodlalunisaned Wulslassiadusin
dituluhifidnvasiduvesvadladivies fauth annuni
wazUszansnmlunissudade s. aureus anunsalulyidu
\desdonuauRLanLLLALIASaId18193s Fundunie e Tnedl
‘J@LLuzﬁﬁ’Wﬂ’JiLﬁUIuﬂ’lsﬂuzﬁuuﬁﬂLL@%%%HLSWQM%QQQ@ VED)
U%’quﬁﬁ“ﬂmaLﬁummyma%aﬁaiz wodasudyminig

Wasudanujnsensendindurensaladulududy

Tngssuiinuandanuuaulalunisilud@nwine fe ME-2
Fausznaumetiufiuenmidsesas 7 10 WaANTYRINN
Fuwedtefiau lnamea 400 lusnsiaiu 1:1 sevas 44 wazves
NaNsEITU-80 Aulnsiay lnarea lusnsnau 1:1 sovas
49 Tnethwin esanilautinuanudunsa-ne Aaumnde
wazAwAsa utnela safeflanslunissudade s. aureus

'
a = o v A

49 wardUSuuasanLIFIRIAINIEITUBLY NdoniANY

= =2

auvid Senrsdnwinelumudszdnsamlunissudude
wuediSeriindug inelmAnuaidenegunmuosianssa laun
C. acnes Fafuannandnvesda uas S. epidermidis Gaidy
aumananvenaunte amfauasiiluszozenn wazau

UanndamnanInig

5.AafnssuUsTNA

NuITedlasuivatuanuaIn AL duAIans un1Inedy
A9781UA5UNT Useennlassnudndne) Useandavdsyuna
2568 (PHA6804057S)

LONE15D19D4
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Abstract

This study investigated the effects of wheat flour substitution with buckwheat flour at different ratios
on the quality of steamed buns (salapao). A control sample prepared with 100% wheat flour was
compared with composite flour samples containing wheat flour to buckwheat flour ratios of 60:40,
70:30,and 80:20. Sensory evaluation was performed by 30 untrained panelists using a 9 -point
hedonic scale. The data were analyzed using analysis of variance (ANOVA) at a significance level of
p < 0.05. The control sample exhibited significantly higher lightness (L*) values and volume than all
composite samples, while increasing the proportion of buckwheat flour resulted in reduced lightness
and volume. In contrast, hardness and chewiness increased significantly with higher levels of
buckwheat flour, whereas springiness and cohesiveness decreased. The sample containing the
highest proportion of buckwheat flour (60:40) showed the greatest hardness and chewiness values.
No significant differences in overall acceptability were observed among the samples (p > 0.05);
nevertheless, the 60:40 sample received the highest mean overall liking score. Chemical analysis
revealed that buckwheat flour incorporation significantly increased protein, dietary fiber, ash, and fat
contents, while carbohydrate content decreased. The 60:40 sample contained the highest protein
(6.57%) and dietary fiber (7.81%) levels. These results indicate that partial substitution of wheat
flour with buckwheat flour at a ratio of 60:40 can enhance the nutritional profile of steamed buns
without adversely affecting consumer acceptability, despite changes in physical and textural

properties.

Keywords: Buckwheat flour, Steamed bun, Health products
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Article Info Abstract

Received 28 August 2025 | Thjs study aimed to evaluate the effect of different growth stages on the total phenolic content
Revised 25 December (TPC) and antioxidant activities of Piper betle L. leaves. Leaf samples were categorized into young,
202 mature, and old stages. The crude 95% ethanolic extracts were analyzed for TPC (Folin-Ciocalteu)
Accepted 26 December
2025 and antioxidant activities (DPPH and ABTS). The results showed that young leaves exhibited the
highest TPC (437.67 + 8.98 mg GAE/g extract) and the lowest half-maximal inhibitory concentration
(ICsp) values in both DPPH (15.73 + 0.39 mg/L) and ABTS (13.42 + 0.24 mg/L) assays, indicating
stronger antioxidant potential compared to mature and old leaves. A strong negative correlation was
observed between TPC and ICy, values, with high coefficients of determination (R?2 = 1.000 for DPPH
and Rz = 0.999 for ABTS), suggesting that higher phenolic content is closely associated with lower
IC5, values. These findings indicate that young P. betle leaves have the highest potential as a natural

source of antioxidants.

Keywords: Piper betle leaves, phenolic compound, antioxidant activity, growth stages
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v
Ao

nsAnwidinguszasaiioUssilunavesszeznisiasaivlanauSunaansituedngiu (TPC) waggnaniu
auyadaszvaslung (Piper betle L) lnaduundiogrndulueeu luimaain uagluwn arsadavenu
L@NIUBA 95% QnUN1AATIENUTIIUNUEANTIN (Folin-Ciocalteu) wazgnsn1ueyyadasy (DPPH way

ABTS) Hansnaaasnuatluaauiian TPC qa‘ﬁ'q@ (437.67 + 8.98 mg GAE/g extract) wagiiAnaaswudi

v '
VY a P

wma%aaaiﬂ%ﬂ%wﬁﬂ (ICs) ﬁ’mqw 74138 DPPH (15.73 = 0.39 me/L) uay ABTS (13.42 + 0.24 me/L)

wansdsUsgansnmnisnuenyadaseidnnluwaaauazluun Myliesgnanuduiiussgmiean TPC

wagA ICs, WuANNdNRUsITaundAduUsEansN1sAmMuAga (R = 1.000 dm¥u DPPH Uag R? = 0.999
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#1115 ABTS) UM UYe9US IR Ued nTINTANNFUR WS AUNITana9989AT ICy, 8819TALAY WA

msfnni@nlunglussezesuiifnenmgeanlunisluduunasansnueyyadaszansssund

[

AdAey: Tung, ansusenauiluedn, grdmusyyadasy, seeensiasyiule

o

1. Uni

fisluana Piper G10glunsa Piperaceae Liungquiteiifaiy
NANNA1ENITIN NG Taeiise1unsAuNUNINT1 1,000
wiarialan usznuannlugfiniansounasAsnseureseids
o3l wazuening (1] fvluanatifienuddyninasvgia
LarMILMELNUIUTANeE198111Y LsndiesaUsenay
maadianizfilvassna e mainuats fesnayy Piper
nigrum (wW3nlve) '17'1'Lﬁum%‘mmmﬂwgﬁaﬁwﬁfgﬁzﬁuiaﬂ, Piper
sarmentosum (Y¥Wg) fifuthinusznavenmanagiiansaiu
ouyadaseas, Piper auritum (wauindiu) Tyussimiennis
lsAdiu wae Piper betle (1g) finslalusdueuaznisuilan
Lﬁaqmm‘w [2] unAILTIIV4 Salehi et al. (2019) [2] $1891U
iwluana Piper Sqninisanmiinannvans 1w aung
Sniau auuuea sudeqadn mudes uavoongvineszu
Usvam GedagiiudnenimmanilagnihlunesenluBande
DEMNUTI TWLUGRATMNTTNE HARAUIMASLOTNT Uazans

anamIndngiyaINsssuY IR

dofimsanawiglung (P. betle) Tnsamiddoszyindundsly
Wyana Piper ﬁﬁmmimLﬁuﬁwquﬁ(ﬁuﬂuawaﬁaig losn
gaumsasluednuaziailiussavarnvatswin dellunum
ﬁ?ﬁ@IUﬂ’]ina\‘lﬂUUﬂ?’mLﬁ‘EJW]EJ‘U@\‘IL"Uaa(’«MﬂﬂiSUQHﬂWi
pandiadu anAa1uid saveslsals edei A Bavestuniae
mNuASEnoonTiaty 1wy uxise el Tsauimu waslse
naamdonauos [3-4] meaaautAnaadyInedilannud
Jagtulungialuladrinegiissnislaluaudou wnlanng
gREMNITLEUAMLAEANLNITINdYd Tneinisihansadald
W dundndusyan1gemainnatsUhuy wu o1diu
ayulwsamnaydan aﬁé’ué’?uwﬂﬁﬁa LYE19199ERDTY LAy
wanfusasuoms detdaduiinesnsvesnainguslnaiilala
aunn (5] erumesnssAnSasvanil Wusamnainaudiug
Josdunsrovesoyyadasy dvlummguiidu eyyadassidu
Tuianafifididnaseuiilanifen (unpaired electron) agluaslaas

souuen imlassassluanaluafios uasiinujisenmaaiing

doavaslumeneuniAulavanansavhaelassassdiluana
fidndy wu TUsiu 3in wasiidue awalminaufinunives
wosuaniolo uanilugnisifalsadedmaisvin uua
SuMEIzAILIIaaTNaIAuDYLadaszatsly (endogenous
antioxidants) Ly u teuleaigiuesoenlenfaiing (SOD)
wANILaa (CAT) LLazﬂqmnlﬁIaULUagaan%Lﬂa (GSHP) o
JadnsgnuaINAIBULN WU 1an1IE AaInaeN ANuIATER
o3 wagemmsiidqaanislnguinisi enavilvaunaves
ssuuuoyuadasudely (6] fallu nislafumsnuoyyadasy
NABUBN (exogenous antioxidants) Tngianzaniivasulng
ﬁﬁmiﬂuaﬁﬂqa SeflanuddrymonsiasuasienalnUasiuves

TNNY

nsAnwmaainualunguiuunasddyuesasoanguing
I nnanesie Immawwmﬂuﬂduﬂuaﬁﬂ L eugenol,
hydroxychavicol, chavicol ag allyl pyrocatechol Gﬁlﬂﬁqmﬁf
GT’]"LJR}@%W PUNIELAU LLamea%aﬁaizﬁImméu [7-9] naln
nseengusvesasiuednmaniiitavesiunruaninsalums
Uinnezmeulalasaunsedidnmseu Lﬁaﬁﬂﬂ;a%aéaisﬁmm
w@iies anUfAsengnleveanisiineendinduluieas uazd
mmiﬂé’ugmauleuﬁﬁL?{mﬁdyaqﬁunmﬁmawa@mmazﬂwmju
nsvinueseulsnusendindunelusienie (8] GRIGEGI
ma"]ﬁyﬁwyauﬁlﬁlﬁuﬁdﬁ’ﬂ&meqwmiquiumiﬁwmLﬂu

HandumiogunMLazeayulnsiiussansnan

ayalsfinny Usunaansiuednuazgninueuyadassluiiy
ayulns swddlung o1auusiumudadevaledsenis 1wy Ay

v ¢

LANANNYBIAETUS 35 nsiwizlgn LAYANINUING BUNTT
Wiaiule saudiamsatailylunsimsonansane [10-11]
wonnil Tademeadsinervesitnies iy msiUasuwlamiy
szeznsaLIkaznssuiulnvedly onainanensyuiunis
Fuasznnaznisavauvesasiuedn 4aduiusinensatu
m’mmu’1sa‘LunWigﬂua%aamwmmiaﬁm [12] s1ATelune
aulnsrindudadlmiunaruuanasesangluaunsnsiilv

Ysuuasfiuednuazgniniueyyadaszildouwdadivesnsd
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Waddny [13] undmiulungdanaveyamsliasesmadaium
NaauLazidussuy

[

fafy Feiaudndulunis@nvidedned ovauaila
ANuALWUs ST ssEaE NI yAuTaveslung Auuiunw
asfluednuaznninuoyyadasy 1ouafinawyIeILy
Paanfuiefiungaudsluguamaisesngnigean ua
dureyafiugrulunstanndesaunanlungfidamunmuas

Usg@vEnngeu

ad o

235 HUN599Y
2.1 w3esdlonazasiall

1389 UV-Visible Spectrophotometer (Perkin Elmer Lambda
365) aswAfifiddny laun DPPH (2,2-dipheny!l-1-picrylhydrazyl
(Sigma-Aldrich,USA), ABTS (2,2’ -azino-bis (3-ethylbenzthiazoline
-6-sulphonic acid) (SRL, India), Folin-Ciocalteu (SRL, India),
Gallic acid (Sigma-Aldrich, USA), Ascorbic acid (Loba, India)

2.2 MIANALAZNITIAIINA9E19

Tung (2. betle) luauszozyrsnsiaiadvln Ao luseu
Audrsuil 1-3 anseswasiidiletosw) lumaan (udsuii 4-
5 gngenuarididonani) warluun Auduit 6 iWumuly
Mnuassenuariididonan) uaindvayadiflos sae
asnugll fvdasenida luifoungainiou wa. 2566 udsan
a19viANETenn IUW@JngJﬂﬁ’f[,‘i;l,lﬂ;ﬂuﬁliluﬁamiﬂiﬂ 9t
unavidunuaviiiesnsay 20 nfu lunsiinaaeteniuea 95%
(V/V) ﬁqmmﬁﬁm vwaan 7 fu ﬁummmﬁaﬁ’ﬂlﬁgnmmaaﬂ
PINNINLAZSEMEIY AL aNUL0NUDABNAIELLAT DITLNILUY
gryaynne (Rotary evaporator) dunnilvderhnsadtagisn
a0inde miaﬁﬂﬁlﬁuﬁam%gﬂiwﬁ’u wazylvumeneLAIe s
wsnuuEienuds (Freeze dryer) ma’l,@iyamazaqmmﬁ -50
serwaldea 1dunan 48 Falus ﬁ]zl@iymsaﬁ'wmus?faqntﬁu
%’ﬂmﬁﬁqquﬁ -0 amieaioa lunsuzdaadniosiuuas

unMazlwnegeulutunounsly

2.3 Aszuvdsunaansusenauiuadn

N1531AT1EnIUSuIUN UeanTIu (Total phenolic content,
TPC) 1935 Folin-Ciocalteu colorimetric assay [14] Tnain3 e

a1sanalung Annnuaney 1 Tadnsuneliaddng Uhunvileay

1 iadans Wiuarsazaiy Folin-Ciocalteu (139913 10 1917)
5 fladans wavaisarans Sodium carbonate (LYY 7.5%)
4 fladans nauLazwelmniy saisly 30 wndl 9ntaniluge
ﬂ"]mi@mﬂﬁmmﬁmmmmﬁlu 765 uluums Tunisneaesifly
nsawnadn (Gallic acid) \uansuinsgiu (nsaunadanIoud
AL UTY 25, 50, 75, 100, 125, 150, 175 wag 200 mg/L)
9nduuIan U U uR UeansIN INENNITLE UATT
y=0.0089x-0.0799 (r2=0.9938) uazFuiadmegluvefiadniu
HUYAYBINTAUNAGA aouminnfuansaia (mgGAE/g extract)

ANSYABBIVIINUAYING 3 ASY

24 '3Lﬂi']«‘ﬂ‘ﬂﬁﬂ%ﬁﬂmﬂ'liﬁlilﬂil‘lllﬁﬂ'luauﬂaaﬂi«
24.1 amswwmﬂsmmaﬁaanqwamuauuaamvmmﬁ DPPH

[15] ww3guansannne1uaInlung kagasu1nsgIu Ascorbic
acid Tu 4 s¥fuAINILUNTY (25, 12.5, 6.25 way 3.125 mg/L)
Bearslutoniuea thansafnunazssfuamIUNTULNBE 98y
0.2 fladdns naufuarsazats DPPH (wuau 0.1 dadluans)
1 findans werlmandu seisly 30 wiilludidia Saeganduuas
ARueAaY 517 WIlWLAS N1SARBTAnUAYEY 3 ASs
mmfuﬁwmmmLﬂagvﬁuﬁiﬂﬁaaﬂqmcﬁgﬁuwua%aﬁai: DPPH (%
DPPH Radical Scavenging) "L@iymﬂammi 1 wasAIuamen ICs
Falaonnsiauduiusssrnaeeaatuiuesifunnis

aaﬂqm%‘mua%aﬁaiz
% DPPH Radical scavenging = (Apppr-Arest)/Apppry X 100 ......(1)

o Agepy D AIN1TRANAULAYDIATATANY DPPH Tiluiifteend
WAE A AD AINITAANG ULAIVDIAITATANY DPPH 1 9vn

o

Ujnseniudieens

2.4.2 fiLﬁmxﬁmﬂ%mmmﬁaaﬂqwéﬁy’lua%aﬁaizﬁy’mﬁ% ABTS
[15] nFonansazatseuya ABTS lasloaisazaty ABTS
anuauvy 7 fadluans Y 1 faddns WU asennu
TnunadeuiUasdaum (K,5,0,) AaLTY 2.4 Jadluans
Usas 1 faddns udlaluiifln 12-16 d2lus newhnismedeu
L?JamWT’;EJLamuaaslﬁisﬁ”mms@mﬂﬁummmsazawawa ABTS
WU 0.700£0.02 fienuemadu 734 wiluiwes asadaneu
nlUNaLaraITUINIFIU Ascorbic acid LWSEU 4 SEAUAINY

VY (25, 12.5, 6.25 wag 3.125 fiadnsunedns) transaina
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unazsEAUANILNTUUSINAT 0.1 Saddns naufuaisazais
oYy ABTS 0.9 fiadans ety fefisly 6 wift aanduin
AgAnduLasinLeIRAY 730 uiluluns N1TNARBIV VLA
yi1eh 3 A fmmfuﬁ’lmmmL‘U@%L%uﬁmiﬁugwqgaé‘mz
ABTS (% ABTS radical scavenging) AEANNTST 2 LAz

A1 ICs, F9LAINNTINUARIAUFUNUTTZIINATIATUL VNV

fuesdunnsdudseyyadasy

% ABTS radical scavenging = (Axgrs-Arest)/Angrs X 100 ....(2)

Wlo Aggrs A AINITAANGULAVDIANTAYAERYLA ABTS Aitud
MBE UAE Ay FIB MINITYANTUUENYRIENTAYALBUYA ABTS

nawiugAseiuiieens

2.5 mslmszidoya
nan1Imaaesdnaueluguatade + arudeuuuuinsgiy

(Mean + SD) 311N15A@8991 3 AS9 WlawanInuSUuNuedn

o
[

53 (TPQ) wagAANUavUndudieyyadaselanIamils (ICsy)

a a

P04f081unasraznIssyAule n1sseuiisuaads
iwiwﬂzﬁuﬁﬂmaﬁmﬁmswzﬁmmLLUiUmwNLﬁ'm (One-
way ANOVA) 71 sz utladdsy p < 0.05 @3un1531A518W
AU USEMI19A TPC uazan IC5, 91NN15NAZOU DPPH
waz ABTS la35n1sanneeidudy (Linear Regression) way

enuluglaunsiaunsuas mduUsEansnsimun (R2)

3. NAN15I8

NaMFIATEUTINuEsueanan (TPC) Tuansarslungluun
azsreznInasgivlanua Suuluuasaadeoigluiuidu
(uamslundt 1) Tneluseuiiuiuna TPC gsfign (437.67 + 8.98
mg GAE/g extract) sesasuiAeoluinaain (364.45 + 4.66 mg
GAE/g extract) uazanaaluluun (308.87 + 8.13 mg GAE/g
extract) HAN15ILASIEANIIETAAE One-way ANOVA WU17
finuuanasesnsiifoddnmnaada (p < 0.001) sEwengu
fregreaany uandvidivalussuiiviinaansiluedngsnaily

o o

szezduoyNitydALy

Total phenolic contents

500

5 400
i 300
N
£ 200
G
‘é” 100
0
mature
Mean (TPC) 364.45 308.87

2l 1 YSiaiasituednsay (TPC) veeaisanalulusyeysine 9 (dou
WAAIA UaTUN) uanIANREY + FauiTenuunInTgIu (n=3) lumiae
fadnsunsaunadniotiminuieuearsadn ( me GAE/g extract) Han1s
AnTI2vinaianag One-way ANOVA wuarlinaiuuanasedeluyaaty
(o < 0.001)

¢ v v

HANITILATIENNTA1UBUYaTaTEAI8TT DPPH (210l 2 (A)

o

wurwesiunnsdudwesansainlunguiintuesisfitedAey

£

[ Y]

ANANLLILYUYRsANSalA (3.12-25 me/L) Tumanauiiesns
w4l Tuaau wanaA %inhibition gananaulumaaiauarluun
Tunnsgduaruanyy Tnefl Ascorbic acid (@151195§11)
fiusyansnmgeaavielnaidssiuluooulunnyannuiuyud
nadey AAnuuTy 25 me/L Tusauiia %inhibition g4go
72.49 + 0.92% IﬂayLﬁENﬂv‘U Ascorbic acid (72.45 + 0.78%)
Tumaanauagluunilan inhibition #1121 (66.67 + 1.59% uaz
66.67 + 3.18% MudeU) 910wl 2 (B) wuanluseauiiei 1Cs,
Ffiga (15.73 = 0.39 mg/L) uamafisaruanunsalunisniu
aqyjaﬁaszﬁqaﬁqm 59989U1AD Ascorbic acid (16.60 + 0.48
mg/L), lutwaann (17.51 = 0.52 mg/L) warluwn (18.87 + 1.21
me/L) MUAIRU N5 1ATIZIN1SERR (one-way ANOVA) Fmiiu
'a"m"]m'mLmnm'mwd'mmiuﬁﬂ’aﬁwﬁ’zg (p < 0.05) Hudiuan
szorniaiyiiulnvedduiinanemnuannsalunisniueyya
dasz lavluesuiiansoongifianunsaiidneyyadaselafinid

Tuwn
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A) DPPH Scavenging Activity
80

60
S
T @
[0}
o
()
[a
&
20 g
b=
g
0 A &
3.12 6.25 125 25
concentration (mg/L)
Eq Young Emature f@old [JAsc
B) DPPH IC,, value
25
20
15
a
S
on
£ 10
£ s
0 ¥ el
young mature old Asc.
Mean (ICs0) 15.73 17.51 18.87 16.6

2wl 2 pawarnsalumsidnoyyadasy DPPH vesansainlunglussey
mssuaulass 9 WguivaIsum sy Iukeanasinkedn

() $ovasnsirdnoyyadasy DPPH iRaIuutusng 9 (3.12-25 mg/L)
uanauLiunade + saudeanyuninsgiy (n = 3)

(B) A7 ICsp (mg/L) YBITI1TANAUZAITUINTTIY

wamﬁLv-’mxﬁqm%{é{ma%aﬁaimamiaﬁﬂquﬁyﬂEﬁ%‘ ABTS
(A wudwhwLﬂagLﬂﬁuﬁﬂﬂiﬁﬂ%’ma%aﬁaixLﬁ'uéﬁumumm
[T uTesansAfAlUYNNaNFI0ena (3.12-25 me/L) Tne Tusou
uanaiesidunmstdneyyadaszgaminaulumaaiauazluun
ynsedunuILYL warlnalesu asnAsgIu Ascorbic acid
fiarnanu 25 me/L lusouiian 9inhibition guan 83.68 +
2.13% 58389318 Ascorbic acid (79.53 + 0.08%) vauzii 1
waatauazluundan 61,31 +2.14% uaz 53.85 + 1.40%
muguainnsanl B luseudian 1Cs, Gf’ﬂﬁ'qm (13.42 + 0.24
mg/L) kansiianuanansalunsiineyyadasegaan 5o
Al Ascorbic acid (14.17 + 0.38 mg/L), lutwaann (18.92 +

0.94 mg/L) warluun (23.39 = 0.73 me/L) muFuITIATIEA

N9@dR (one-way ANOVA) LaASliiiuINAIANHLANA1SEWINa

nauiitidAty (p < 0.05) Budunn seeznisasaiulavesiung

dnataaunannuainsalunisindneyyadaseniels ABTS

'
o A

Ingluseullgrageign uwarluundomseiian

A) ABTS Scavenging Activity

100

80

g e
c
8
5 a0
(a8
20
0
3.12 6.25 125 25
concentration (mg/L)
E] Young E mature Egold [ Asc
B) ABTSIC,, value
30
25
g 20
on
£ 15
G
5
0
young mature old
Mean (ICgq) 13.42 18.92 23.39 14.17

amil 3 Arwannsalunmsiisheyyadasy ABTS vasarsatalunglusses
mssguavlasa 9 WenSsuiieuivasunsgiuueanesinueda

(A) $ogaznisnisneuyadasy ABTS iAINTNTUANG 9 (3.12-25 mg/L)
uansaLtunase + saudeavusinsgiy (n = 3)

(B) A7 ICsp (Mg/L) VeNa3ariauasa1 5419357

s
S

wams?Lﬂiﬁsﬁmmé’uﬁuéswiwﬂ%mmﬂuaéﬂiammzqwﬁ
G?'ma%aﬁaﬁswui’lﬂ%mmﬂuaéni’m (TPC) vosansaialungd
mmé’uﬁuév‘ﬁnauﬁ’uéwmmLsgu%uﬁmmiaé’uégna%aﬁaszlhu
A3 anile (ICsp) 9INNNSNAEEUAIEAS DPPH wag ABTS (nwil 4)
Tnvaunisamnesiduauvesnisadey DPPH a1 y = -0.0244x
1+ 26397 (R? = 1.0) @3un1svadeu ABTS fA1y = -0.0773x +

47.199 (R? = 0.9996) nafanatIuanaualuuan ICso @aMAY
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WeUSunaituedniiuau lnvansarinainlussuila TPC gegal
A1 ICs ATanLilaeuisuivansadinanlumaaiawagluwn

A) Correlation between TPC and DPPH IC,

A DPPHIC5g  seeeecees Linear (DPPH IC50)

25

S 23
g y = -0.0244x + 26.397
g 2 Re =1
a
o 19 oo
° ~~\‘i~

17 -,

\NNN*
15
13
250 300 350 400 450 500
TPC (mg GAE/g extract)
B) Correlation between TPC and ABTS IC,,
@ ABTSICgp  ==m=m=- ey (ABTS ICg)

25
o e y=-0.0773x + 47.199
on N
£ RN R2 = 0.9996
J N
‘,Z‘ 19 \\
2w N

~,
15 So
N,
13 “®
250 300 350 400 450 500

TPC (mg GAE/g extract)

Wil 4 powdiussEnIeUiaiiuednsau (TPC) uazguidueyya
dasyvovarsanalunglusyeznisiiguiulaeie 9 (lueew luiwaain uay
Tuun) yadeyaunussesmsadquivlns 9 uanwmadurade (n = 3)

(A) m3AnTIzvianaeeiduausyning TPC uasa ICs, 919n15Mnaay DPPH
(B) m3nATIzvianneedaausenin TPC uazAT ICs, 919R15VAaay ABTS

4. afUseuazaTUNANTNAADY

MNARAMANYINUI szeznsiqivlaveslung (P. betle)
finameUSunasansiluednsau (TPC) wavauausalunisay
ouyadase lnvluoouiinn TPC gafian (437.67 + 8.98 mg
GAE/g extract) LLamamqm'ﬁsﬁuﬂua%aéaisﬁﬁqm Tnaflan 1Cq
NNSNAFOU DPPH way ABTS Wiy 15.73 + 0.39 uag 13.42
+ 0.24 me/L auddu W siuieuidisuiulumaaiauagluun
wuaransataanluesulmnuuruiinadmiuntsduds

pULADdEATY 50%

LﬁaLﬁﬂuﬁuaﬁmmgm ascorbic acid (ICs; 210 DPPH = 16.60
+0.48 me/L, ABTS = 14.17 + 0.38 mg/L) wunasainainlu
oouflqninueyyadaszlnaifsstuarsumagiu Tasiawizua
n1sNAFEU ABTS iR Iy, asansainluseusinindnues
wanslmsiufadneninvaslunglusyszeoudiazly duunasans

mua%aﬁaismnﬁﬁuﬁmam unuasduas1zula

NAN1TTLATIZN ATUAUIWUS 5892 19A 1 TPC waz A ICs,
wumdIRus B aveg ey Tngainaunisanneeidauey
A1 1Csy anaInun15Lit 44 uressurufuedan (DPPH:
y =-0.0244x + 26.397, R? = 1.0; ABTS: y = -0.0773x + 47.199,
R? = 0.9996) uanslviiumsiivsuaiiuedngsluasatayie
Winuszansamlunisiineyyadass fsaonnaasiunalnues
m3ﬂuaaﬂﬁmmmﬁmmwauﬁaaLﬁﬂmaumﬂwgiﬁlmaﬂ%a
(-OH) LiteanufAzengnlavesmaiinoendinduuazirinadny
domeneiaa [6] NASWEHSE@0AAA B ULUIANTIINETSAY
amﬂaﬁaixmaLma'miiwmﬁﬁuwmmﬁwﬁ’mﬁams‘dﬂﬂyaa
Tassassdaluana wu Afinuarlusiu meaneudssoslse

L5DSILALIVDINUNIELASEADDNTLATU [16]

wiHANIIMAResE azla L BsAUT i uednsin Tand
luanunsaduunaiinvesansfiuudn wniasveulniitualung
ﬁé’fﬂamwGTﬁuqméﬁTﬂuaﬂgaﬂa@aizﬁﬁwauTa NBUNMsANYINDY
mdnunannsousnasfiuedniiflassasmauian lawn
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