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Abstract

Biopolymers, such-as tapioca starch, which is easily cultivated and extracted,
including basil seed mucilage, presenting high liquid absorption, are attractive for
developing bio-based wound dressings. In this study, a physical modification, i.e., heat-
moisture . treatment, was utilized to improve properties of tapioca starch. The
incorporation of basil seed mucilage enhanced the liquid absorption of wound dressings.
Incorporating basil seed mucilage into the film caused the increase of stress at break,
Young’s modulus, crystallinity, surface roughness, free swell absorption and water vapor
transmission rate but the decrease of gel fraction and elongation at break of the film.
However, the increase of hydrophilicity resulted in-an unstable shape under high-humidity
conditions. Therefore, it was necessary to stabilize the shape by chemical cross-linking
with succinic acid. By succinic acid cross-linking, no change in mechanical properties and
crystallinity was observed. However, succinic acid cross-linking caused the increase of gel
fraction, and the decrease of free-swelling water and water vapor transmission rate. In
addition, antimicrobial activity is crucial for wound dressings; therefore, glycolic acid was
added to enhance antimicrobial efficacy. The results indicated that the addition of glycolic
acid did not affect the stress at break. Nevertheless, it led to the increase in the Young’s
modulus and the reduction of elongation at break. Furthermore, the gel fraction
enhanced, while both the free swell absorption and water vapor transmission rate reduced

with the addition of glycolic acid. The inclusion of 15 %w/w of glycolic acid could



effectively reduce 100 % of S. aureus (Gram-positive) and E. coli (Gram-negative) counts.
Additionally, the cross-linked film with glycolic acid presented in good biocompatibility,
with over 90% HaCat cell viability. The crystallinity, mechanical properties and gel fraction
decreased with the addition of GA into HMT-30BSM-0.50SA film. Nevertheless, the addition
of GA caused the reduction of free swell absorption, water vapor transmission rate, and
number of bacteria. Besides, no change in cytotoxicity was observed in HMT-30BSM-
0.50SA-GA films as compared to HMT-30BSM-0.50SA film. Based on physical properties,
hydrophilicity, and antimicrobial efficacy, HMT-30BSM-0.50SA-15SA film was the most
suitable for wound dressing. Moreover, the comparative study between native starch and
heat-moisture starch showed that the heat-moisture treated starch presented the increase
of crystallinity, mechanical properties and gel fraction, but the decrease of free-swelling
water and water vapor permeation rate. Moreover, heat-moisture treatment caused no
change in functional group analysis.

Keywords:  carbohydrate polymer; cross-linking; natural gum; physical modified starch
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Ao A v a a '

NHdoALIRANTNIUTUIUAN

DTG MBS tuwNSUUBIHUN AL TARNA NI ARUTAEIT NS AU DUTU

Ao A v a a |

AiflonuusdnNuTUIasIg 9

duns s UNNTUVBILEURaNTALNANWTIRALUTA8AT NS ITAIUS U

(%

PUNHANLLDNINANLAZLTIUYINAIUNTATATUATIALLTUTUAN )

0 0 ~N e
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26
39

42

43
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4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

frlunsnTnunsuveauruildulaunaanuiliauyssedsnsldnnudoutui
nadlenuusdnuasionuadiensadadiniaududusig o
Auangn1ARnUvesiuiandauraanulwawdsaleisnisidaiusou
Fuiinauilenuuadnuazd envnedensadaddniinududusiie q (n)
HMT-30BSM (1) HMT-30BSM-0.25SA (A) HMT-30BSM-0.50SA g% (3) HMT-
30BSM-1.00SA

TGA waslunnsuvewadauiantawraanudenaiusmeisnisiesninusey
Fuinauilonutssnuasifenveionsadndaniinanududusig o

DTG waslunsuvosvesnuilaiUauaaainudennudsieisnisidainuseu
Fuiinauilonuusdnuaifenundensatndiniieanududusis o

BunNsusaaUNNSUBBIRHUNA LT A LHaIINRT IR AU R8T NS LT ANUS U

De

)=

Junamidonusdniidoxnmaedioyifialseansnmnisiudiogaunie
fronsalnaleaniimnuididusing

Anulsninunsuveunuild Ununantnudliihudsiedanas i seud
rrandlenuadniidensmaaiinazifiuussAnsnmnsiitoqaunis
sensalnalaaniinnududusie
AMIBNIARATINY UL TRk InLTsRALU senERoNTsIgRNS DU
Funanidlonuusdnuazdonvnwnaniiiauind syans smnassn
Heqdunidmensalnalaaniinandudusing 4 (n) HMT-30BSM-0.50SA (1)
HMT-30BSM-0.50SA-15GA (/) HMT-30BSM-0.50SA -20G wag (4) HMT-
30BSM-0.50SA-25GA

TGA woslusnsuveunuiidadnurannuilifnudsaieismsldnudeudu
nauflonussdnuazidasmmamaeivasifassavsnmnsiudeqaunis
fensalnaladniieauidudusig

DTG wodluunsuveusuiiduUnunannuiisinulsiedanmsldnnudouiy
nauflonuusdnuaznderrnamaaivasifisssavsnmnisiudeqdunis
sensalnaladniteududusing o

amghesualaladvenide S. aureus 7t 0 Filusuazuduihnsnageu 24
Flag

ANNEAUIULALETVBTD E. coli aavinnsnagau 24 97Lu4

BN
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56

58

58

64

65

66

68

68

74



419  awmdewad Hacat TirunsvadeufuBusuiduDauna HMT-30BSM- 77
0.505A fiflvesnsalnaladniimuidiudusiig 1

420  Bunsiseanviuvesuuiidudaunatifidulsznevaniinaunisdnuls 79
wazlaiiunsiaudsiedsnsldaudout

421 frlwrlsnTnunsuvesnuiidudaunaiifiduussnevandiniunsiauysuay 80
TilunseuUssedsmsldnnudeuiy

422 awenenafnrIveLHETldNUnkNaT e wHLTd D auNa i@ UsEneu 81
MU ssRLdsuas ik sEIeaansidn L Seuu (n) HMT-
30BSM (21) HMT-30BSM-0.50SA (A) HMT-30BSM-0.50SA -15GA (4) NST-
30BSM (3) NST-30BSM-0.50SA thag (@) NST-30BSM-0.50SA -15GA

Al Aurswseany it sNuautauNe HMT-0BSM 111
A2 dulTusnaUnTS Yo HUAANTALNE HMT-10BSM 111
A3 - BUNTIIARUANS LD SLHUTRUTALKNE HMT-20BSM 112
A4 - Bursuseadnyiuvesiiuiautauna HMT-30BSM 112
A5 DU ISAAUNNS NV NUTANTALNE HMT-G0BSM 113
A6 — AUNTNIAUANSLUD SN UNALTALNG HMT-50BSM 113
A7 dunsIseaUnnSvRINURANTALNE OHMT-100BSM 114
A.8  _ BUNTIIAAUNNS LT IHUTALTALKNE HMT-30BSM-0.255A 114
A9 BulTusaaUn TN IHUTALTALNE HMT-30BSM-0.50SA 115
A.10 BunsusaaUnusuYeIMNUNALTUALKA HMT-30BSM-1.005A 115
ALl BursusaaUnnSuresuNuanUa NG HMT-30BSM-0.50SA-15GA 116
A.12  BudsusaalAnsuvsuNuNALUALNG HMT-30BSM-0.50SA-20GA 116
A.13  BuNTLIAAUNNSHYO MR UNALUALKE HMT-30BSM-0.505A-25GA 117
A.14  BursuseannsuuedRuiauUalng NST-30BSM 117
A.15  BursusaannsuvesuNuauUalNg NST-30BSM-0.50SA 118
A.16  BunsuIadUnSNYoIMNUNALTALKE NST-30BSM-0.50SA-155A 118
11 TGA uag DTG wasluunsuvesukuiandauna HMT-0BSM 119
12 TGA uaz DTG wesluunsuvesukuiautauxa HMT-10BSM 119
13 TGA uey DTG Wosluunsuveauduidulaiua HMT-20BSM 120

1.4 TGA a2 DTG W95LUkNTUVDINUNANTAWNE HMT-30BSM 120



1.5
1.6
N
1.8
1.9
110
.11
112
313

TGA way DTG wosluunsuresiuiaulaiug HMT-G0BSM

TGA way DTG mosluunsuresiuiaulaiug HMT-50BSM

TGA way DTG wosluunsuvesiuiaulaiug HMT-100BSM

TGA way DTG wosluunsuuesNuiaudaiug HMT-30BSM-0.255A

TGA tag DTG wosluunsuvosNuilauauna HMT-30BSM-0.50SA

TGA uay DTG wosluunsuvesiuiaulaiug HMT-30BSM-1.00SA

TGA waz DTG wasluinsuvedunuilauUnuua HMT-30BSM-0.505A-15GA
TGA way DTG Washnsuvaaauilantnuug HMT-30BSM-0.50SA-20GA
TGA Waz DTG wisluuasuvaunulautauna HMT-30BSM-0.50SA-25GA

121
121
122
122
123
123
124
124
125



unil 1

UNU

1.1 anudunwdrnnuddgyuaslem

uHudauNa (Wound dressing) L0 ugUnsain1ansunnd i lddanazuntasunaain
Adundouniouen auautivewulaunadesannolauguutuuna gaduteunad way
Hosfunsinde uiulaunauisedndadlszuuiidsen (Drug delivery system) 591918 (Bueno
et al. 2017) Ya0UANGNIT8IUILNINMINITIFuas iUk vl aunalasdunsisivay
ﬂ%’uﬂqqi’aqﬁlsﬁﬁumﬁamw (Biocompatible material) Jayakumar et al. 2011) Tneuds
(Starch) Wunilsluianiianunsaldioulunmsdnisunnsld wu mansdeadede weideians
34 iauﬁgmfrﬂst’fl,ﬂuiwuﬁwﬁqmLLazLLw'uTJmLma (Torres, Commeaux, and Troncoso 2013) an
wilsTaileuanudoaluidsuaginunifieldonidundulauwne Ao 1ilonuudn (Basil seed

mucilage) lngsssuvidiilenuusdniandidulalnsneansen (Hydrocolloid) Agunsauiu

anduashiuinlilulaseasnelda (Nazirand Wani 2021)

12

wiladulianavesweauunalsaiAnduainsssumi dsia1gnuazaaningesaaels
matn luvmsgeramnasansiduteindideinlusunisasaimes Sedensinange
(Retrogradation) wazaaslyfiadssnnlunsiiataa nsldudsnnuys (Modified starch)
anunsaudUaymandldsmsissssuiulsdudiunssuiunstuguildulasaudisug u
autimeraior tazauTAdena Wusiu Fensfauusuds (Starch modification) anansayile
Wan1saandsnien1gaaw (Physical modification) kagnasaawUsnieiadl (Chemical

modification) (Ashogbon and Akintayo 2014)

1Y & Av Yo a v = v
ATAABUTLT9N19aNIE WD UNTEUIUNSA LA SUAMUT s TU9N 1 T 9910 T LN e

AMNAL Awdeu wsadou vieded dslifiasiafiandnddunszuiunms msdauUsieisnisly
AuSouTu (Heat-moisture treatment) 1unil slunszurunsdauusnisnenind lainng
ianelassasneeadauts (Starch granule) (Zavareze and Dias 2011) n1saauUsudsae
F8n1slianufouduannsavildnisldaninzanudusiidosndn 350% Agumngilugas

84-120 °C Tuszezinan 15 uiiiie 16 42lu9 (Gunaratne and Hoover 2002) 21141138899



Viana et al. (2022) laviniswauinatadndinimainwdendiend1efu (Plantain banana)
Ao 14 ad 14 2/ dly ~ ! a A [ (% ! A

nanuUsmeIsnslidanuseudu WelSsuiigundainiunagldiunsaauds wududansiu
N159ALUITA1AIIULTIMSIAT (Tensile strength) wazan1sEasa s 9Av19 (Elongation at
break) figaniuazdnsnisgurtuvedlouninininudaiiliiiunsdauys wasdmuinussgnin

lanaveswdaiudundndiunseuunsaawlsaiedsnsldninuseusu

dlonuuadnidunedwesndanmdtldaindauusdn (Ocimum basiticum L) a@s1sa
aeduildluysinmunn Yssneuludensnglstindidasdusznaundn 2 9da Ao nglauuuuuy
(Glucomannan) (43%) tgiau (Xylan) (24%) LaresAUszneuses Ae nguau (Glucan)
Fonuusdnidutannisnagn aunsatiiulinisdiniw gosaanslinsthnm wagiland@nns
ua (Rheological property) ‘ﬁla‘LmJ’wﬁ"lﬁ/i%JUi‘gLﬂua'li“lf’JEJIUﬂ’]S%UgULLBJUWﬁN (Thessrimuang
and Prachayawarakorn 2019b) mﬂﬂmamﬁﬁﬁmmm@jm%mmmaﬂ@f Hossesini and Nabid
Igvhnnsduesinsulalanaannienwusdniiniunisifesvansmanldd s uunudnunad
anunsauidsele W‘U’J"lLL&i‘LJ“TJG\LLﬁ\Iaﬁ’m’]iﬂﬁﬂLﬁUﬂ’J’lM‘éN%ﬂU“Umz“UU’Juﬂ’lﬁﬂM’mLLNa 29NTLAU
waglavhanunsadurndles e duiiudewaduaraninsadimuldmedinm (Hosseini and

Nabid 2020)

wlsnsunsaaulsatganuseuduliaudfidinan v udnisdilliadesnniiloayly

¥ ¥ '
A d 4 =

Aa = v g a ) Y o & a H
aﬂqjgmﬂﬂﬁ]'}ﬂﬁ]llﬂsﬂuaﬂﬂﬂﬂsﬁﬁLLﬁ@ﬂI‘VILViu’NLUjQV]N']TJﬂ']iﬂ@LLUﬁ@'ﬂSﬂﬁqmﬁausﬁuuﬂ?qmsﬁ@‘Uuq

s2uD9A A0l UNTTUN LY atlau N anad agrlsAmuandRnisyeau v dud und slu

'
va o

anauiAfd Ay vl akaisniufosusutsmadilusudse nsusuusauifnisseu
ihannsoslfasnsiuansiifauifveuinasluudunan Tnadonuusdniauiffivouh
ANsTINTIA Tinntasnsnlunisgeduvesvad Shwiautdulazasoliesndiauuas
loth@usiuldfuazannsoriuldnsdanm g e sduunfed asfauusiulaunadd
andfveuihndonuusdnuasidunaundnanudsiiiunsusuauifidnafsauouiy
ot lsimuusiuldnanTansssunadnadiiadiosnmuazanTRiBanaia Jamdsnanannse
Usudsgalalanenis v§ 8uv7219 (Crosslinking) 91191153 8v83 Thessimuang and
Prachayawarakorn, leivinn1siaun USuugs wasvaaevautfveuwiuilaugosaaislaniaginin
Mndlenuasdn Taginisidenvanamaaiisnensanidniin (Tartaric acid) nsasndn (Malic

[

acid) wag ASAYATNUN (Succinic acid) WUIIEUTATINALALANUANI9AINUSDUT WU TUATY



TR U AN N D NI N BUVININILAL A8 NS ATATUALAAIEUURLTINALAZ AU URNIIAIY

TOUAT @M T9389U1 AD NTANIANLAZTNTANIS NIANATUE1A U (Thessrimuang and

q

Prachayawarakorn 2019b)

wenaniluiulaunadnlundedldasdugfdunsd (Antimicrobial agent) 1aA1uN13

a a

W3uAvlnangdunisdaneliiinnisindeveaunald nsnlnaladn (Glycolic acid) Sy
nsndavilensondiiinyilsiduveslonsenda (-OH) uaza1uenda (-COOH) aglulasaasng
Fsanansanulaluso aqu waznalivindue ﬂuﬁﬂlﬁmﬂﬁ;aﬁw (Fernandes, Gomes, and
Simaes 2022, 2020) nanlnaladngnldiduaisendouarSigadadunisluansildendely
PRAIMNTIAINTILNUVRIDIANITINNTTANSIARWISavinInglsU (European Chemicals Agency;
ECHA) (Fernandes, Gomes, and Simoes 2020) 310518414U99 Gambin ef al. las1gaulian

(% I
v v = v

nsnlnaladnanunsaldiidaniawuaniisaunsuauwasunsuuInladnsdalinuaudfnaunsodey
aaglan T ndelinanenaswinaoy (Gambin et al. 2020) 99n911398U89 Fernandes, S. ba
M1N1INARDINIANLTUNTUYDIATTIUTEAUAIAAN 01508 UEIN1 56T Y LAUINYDIR A unTd

(Minimum inhibition concentration; MIC) Wua1A1 MIC Yasnsabnaladni 2.5 meg/ml d11190

£
v v

vgensiasRulauediie B. cereus (WASHUIN) WAy P. fluorescens (Wnsuav) 1A (Fernandes,

Gomes and Simées 2022)

31nM1553UTT oY alinunuITeninnsAnwiiuiaulaunaanudeiaudsaae

wnsldanuseuTuLaziionwNan ik uNITeu s NATLaldansnuegdunIdanne

[%
[

lnaledn datuwddeddaddinsasitadseAnsamunulaunaluguuuuikuilaulalasioan

| =~ Aay v ) Y] Y  aa v v & = Y]
N']Uﬂ']iLGUEJlIGU'J'NV]’]\TLﬂuﬂiﬂ'ﬂ’]ﬂﬂqimﬁﬂﬂu LLﬂQ@@LL‘Uim‘&J’Jﬁﬂ’]{[f‘tjﬂmmamjmmsLSJE)ﬂLLmaﬂ

warilgvsiugeydunidainnsalnaledin laevin1stusumemaianisinvade (Casting) 31t

M5193LATIERUAENITANYIENTAA1T vosuRuTduUaunaieioula lawn n193LAT1z9m
wilanduniaed anulundn dugiuivet audfidang anuaiunsalunisuindl AnuaIse
lumsaganeiinisazanein sns1nsBuEuresloun N1siuEeauNsd wazAuduiuse

9

waa



1.2 TngUseaaAvauIlY

1.2.1 WefnwnsmssunruiaudaunaanmsuauiusyniutsauUseeisnisle
aufeutunasidenuudnlneldnsadradnluasidensnamant uagldnsalnaladnduans
AURAUNSY

12.2 ilenTalnseiuasAnuautfvosusuiididaunaanuiiaudsaoaudoutuy

= o 1% v aa & d‘ =~ 1% a & v a ¢
LLagLN@ﬂLLNQ@ﬂI@SI%ﬂi@%ﬂ%UﬂLﬂuaqiLsﬁauﬂJ’n\TVI"NLﬂﬂJ LLazslﬁlmi@IﬂaIﬂaﬂLﬂuaﬂimﬁuanWiﬂ

1.3 ?lE]UL‘U@I‘UEN\ﬂU'QJ{]JEJ

1.3.1 Aawnsesenuiuidutaunaainnisnaniuszrinawdnnnusane3snis iaanu
Youdunagiilonuusdnlngldnsadadinduansdemenmieed wazldnsalnalaaniduansd
AUNTE

132 AnwauTivesuriuiidadaunaanudasnudseasanu $outuwavidenuusdn (10
20 30 40 Waz 50 %w/w) Inglinsndaain (0.25 0.50 wax 1.00 %w/w) Wuasideuvinemg

il uazlinsnlnaladn (15 20 waz 25 %w/w) Juansnugdunse

1.4 Yslevinaindnazlasu

& A

1.41 @ndnsams bk uRaNUaLNaInNIsHEN A usErI 1 dennLUsag3gn1sieau
Zoudunazflonuusdnleeldnsadndnnduasideurnmnued waldnsalnalndniduansd
aUN3d

1.4.2 aansandanusiuidalainamnnedwessssumaieiduidgmadendmiumis

ASUNNE



2

=b.

Un

(%

VOB HAZUIL NNV

2.1 YanUauna (Wound dressing)

TunsEuIuN1INISTNY NS 5’aQTJmLLmaQﬂSLGE’fLumﬂhEJa%’NLLaszia:uLL%mﬁawﬁﬂLLazLﬁaL%
Fumitsrandr Sanildlunsvinfaslaunamsiidnunefiansalieutusazeandiaudusls
suvisdosnisindegadn (Mogosanu and Grumezescu 2014) luafndimsldnuihis duledi
waglvdudnilunisviianUaunadagduiinisldnunedwes¥in muasAnAunssuiun1snas
wuulysl WlelfisianuannsalunszuunssnyIueg

2.1.1 duURvesdanUalua (Mogosanu and Grumezescu 2014)

(Y]

anUnunaiuzaualsilauantadelul

—_

. SNYIALFUVIDURNALAZ USLINTOU & LG
= = 1 %}I Y
Cdinsdusuvesleiilan
cannsotAulaniadiiniw taduie tazlivinlmanaanisun
. AATUVBAM I IULAUAINUHALS
- Joaiuuraannn1suuideu uagn13Rnaagaunsd
Cansanaaldguladne
. N7 LU AKKNAINKIIN B UDA

. ammmsmm%wmuma

@, VOO0 ' JON @R GOl NI

- sunulunisudalyigaunn

2.1.2 nMssanwauzuasianildvindanlauna

TanUaunaiinanannadiasieg naneanuaizseiu fiog1ugy Luuildy

(% a

wuulny wazuuulalasiaa (Kamoun etal-2017) naswdsanvazvesiagildvintanlaung

9

underuazdoidsuaninemisned 2.1 dninermanseuiandanisuwnndlaiuginii

(%

TenUn
A & o [ Yo 1 a o v =
LLN@‘V]LU‘ULL'U‘UIE’JI@?L‘U@LM&J’]%&WW?Uﬂ"Iﬂ"UiﬂU’WLLNa IG]EJLQ‘W’]%@EJNEJ\W‘ULLN@lWI‘ViN PIF1UTD

asunelanasalull 1) 1alnsLaad1u10nATUYR A ILALANSAANAIANNLNATIRIMIALS 2) @115

Y
P

Y] & a Y Y A Y o = v 1 < )
immmmsqmjulumLamLLwalm way 3) NiﬂiﬂﬁiqﬂﬂﬁqmqiﬂLGU'WUVI'NGU'JQWWIW ﬁﬂqﬂliﬂmqm'ﬂﬁﬂ

Aaa = = |

Uounauuulalas-taadumadenifngadaiUseuiiaudiuiandug dudanesvasianUawna

q q

suwuulalasiaa Ae daudRdanandidielinsgaduveanaiua msuiludedesnaniauise



ilalnenisldTanuuunay (Composite or hybrid hydrogel membranes) lngludanUauna
Usgnoumenediwesuinnimiluile wenanidauisaiuaissnmlnianUawnalaeyinli
a o aa ] | a s =~ ] | L. Y  ax
LAADUATATYITZNINEI LI WORLNDTWIDNTDNVIN9TENIea81Y (Cross-linking) 2835914
wilvisonenm lnendsanninisiwenvinsenitvanglyianUaunadinsilasiainaianunsaga
Fuveavails (Kamoun et al. 2017)

A1319% 2.1 TefuazUaidsvasdnyurvesyianldvinianUauna (Kamoun et al. 2017)

v s Y A v =
anwzUaLdnn Yo BIGE
6V = 1 Yo v
- wAdaNsaTUNIULA ~lg9uenn
= 1 =3 2 a (9 1
- GlUs9la @UNS0UDAULNE | - SARANULLNALLY
dy Tadne - ALY VAT iy
@ d' a dy a A v
S ANDINTSUINLI Ukar NSk | - Anenuaiingladne
YDA
- AN ATUVDUNAEN | - BARATULHA
- INYIANUYNTY - AiuwanaediuuNa laen
Tl - JosnunupmelalinguHa - wiiagunulauunang
- Tdude = i g A ULNA LAY
— L@DETAINEN
- IAnuannsageaNvaraIgs | - ansluisuateglusgauuiunans
S laigndnuea - whawaz lotnduenulaUiunana
lolnsiaa - @NU90a8NeRNNWNALANIY | < Aduadnsalunisyeany

- ARLIAINITSNWILKE LUATILSYAN
_ 18BN - auUmTInas luunean1Iy

2.2 wiq (Starch)
2.2.1 Yoyailiasduvasutls
wdaduasusenoudmannedusanilsa (Polysaccharide) asnsanulalugiu
f19 q fig fie 910 wia vie na fegreivfithunadmduute wu Suls fudisnds $19a03
11 e iy uilsanuseadnldite fdvn hifndu hifisa waganuuIandes Inevild
wilanunsageeaaneldlumadhnmuaranunsondmdusiuiiduiiannsausiaald (Koch et al

2014) udsusznaunie 2 eerusenau Ao exlulawmaiu (Amylopectin) lHussAUsznaundn



(Usgnaumae 40 - 50%) waveslulad (Amylose) lussAUsznauses axlulaailansaasis
DuaneldnsefiviwuseAsunus o-1,4 luvafiozlulamaRuiwuss Asunus o-1,4 was
a-1,6 MBuaneleiie (Koch et al. 2014; Dastidar and Netravali 2012) Tneniaedn (Repeating
unit) vosseslulameiunazerlulaafidnvaziduiondy fis 2sumau a-D-glucopyranose
usiazssiuiinsdensenigluluiana (interconnected) uanssagy 2.1
Imqa%ﬁwaqaﬂmhmzﬁimqa%’wmﬁmmaL(‘?{mw%dmaa%ﬂuﬂﬁmmﬂﬁj LLamﬁquﬁ
2.2 lagwn 9 sgegnsandeafinnnuniig 0.8 nm veslassairundelauifelazUsznause
1HNIU a-D-glucopyranose 31U 6 9L NIU (Hizukuri et al. 1981) avlulamad udu
Tnssadsanaleis Taelasaadiasumu a-D-glucopyranose asidausofufisumia a-1,4 uay
a-1,6 Mifuamdanrevesaeleivegusznial 5-6% oylulaaiininlmanaeglugag 107-10°
o/mol dndruveterlulaave st s azvdnuanifaniseit 2.2 (Trafford and Fincher 2014)
LLﬂqmmmmmmmgﬁuﬁasﬂumﬂ’]ﬂléﬁwﬂumaﬂé’uﬁ’ut,l,ﬂahiaﬂmmazmaiéﬂmfwLs‘ju Uit
ammﬂwﬂuuwmﬂwwumia‘lmwmaqLmu,ﬂqamaqLLa ylsdands (Granules) Waduiaa
(Gelatinize) lusanavaseglalaaaeldnssiioglumanut wsnsovssonungasazaed svinlor
wanudafansuind Tnewdautsanunsavandldnaewinvesuuinass gumgdivilviAn
wavails (Gelatinization temperature) @winsaasunslddsgamafinyinldmanudasuuim

ad o

aumammwmﬂﬁmﬁﬂLL‘t’JqﬂmsJLfJULaa‘Lﬂé'Lﬁstﬁq%’aaLU@%L%W? (Kroschwitz et al. 1996)

Y

ada o

maammmwﬂmﬂmLﬁlamam{]qLwiamﬁml,amiumi'mﬁ 2.2

amylopectin amylose

o)
(L]

a-1,4-glycosidic bonds O =single glucose unit
H,COH H?COH \ H,COH H,COH H,COH

NN 0

a-1,6-glycosidic bond ——

a-1 4 glyc05|d|c bonds
H,COH H,COH H,C

o)
OH OH OH
HO (o) (o) OH
OH OH OH

U 2.1 Tassaamaniiveseslalamafuuazeylilas (Rijal 2022)



Jmf@/‘%/ﬁ*\%a

LG5S L
Sl Sl S

O
0.80 nm |
| 6.0 units |

5UN 2.2 laseasiaindglanaiiesveseylulas (Nomura et al. 2011)

Water

Heating
& Leached amylose molecules

?3 r’
f\& 0
Native starch granules Swollen starch granules

sUil 2.3 nsvadmesdiauladelvirnidou (Cuiet al 2022)

o

A13190 2.2 USunesluladuazdvaamgiinniliiianass wdeusazeiin (Young 2014)

(Whihstler and Daniell 2005)

s azlulas (%) FrgaumgiidinlviiAnma (°C)

uthvmenesion 20.5 62-70
wetlwe 28 62-72

wilslon 27 60.5-66
udaiudUznds 15.7 61-67
utlasiunSs 20 59-68
w1 18.5 65-72
wlaann 25.8 62-68
wladaden 35-40 63-74
wdagana 26 58-64




2.2.2 M3anaudsuds (Starch modification)
wisRuviseudendaliriunsdnuds (Native starch) Wuasaasunddlimuneay
lunstugulduildunanafingesaaislivis@anin ilesandwnnuaudfauaud@ignad
! 4 5 DU < =2 < ! v
WA @A1AMULTIRTIAT AULTILTITON1TlA99e (Flexural strength) wag
Wesiduduatssuznsfeiniige) uasdlinnudeshimennuiiuiigs wlnviowinisdnuys
sudmsldnarafluges (Plasticizers) wazn1swauduianuindu neufiaziuldnudy
waaRnfanunsatesaaialaniedanin (Sagar and Merrill 1995) Wisllun1susudesneanina

4 o

Jeludeswinulsuiuiialifiaudaniannsotusuiluidula

2.2.2.1 nsaandsnien1enw (Physical modification)
1-nasaanUsudenaunsiiniaa (Pre-gelatinized starch) \0unnsle
arwdoulagisudeng hlutlsandoefosnmisludmifundnuazduiiduedngiu Snit
FwhaneiusylelasiauiiiiussdBanisseuinansld dealinnuaiunsalunisazatonas
nsgadainfiudy Sadiiiunisdaulanaeis tasgrldombuanfumiunia (BeMiler
2018)

2. nrsiauUsRaeRAIINS ouLagANE Y (Hydrothermal modification)
DunszvaumslfanefeutasmiudulumsinuUsnasnisnimuazmaaivesuts §adu
sz livhanslassadeeadiants anansasuuntd 2 38 Toun n1seusew (Annealing)
Tdanudulugie 40-60 %w/w wazmsanuUsiagldannudoudu (Heat-moisture treatment)
T¥mudulutas 15-35 %w/w lagiisaesisunnsiasiudl seruanuduiildlunnsaausuds
Tnoaudaild Ae Wautazdmmudasuiniu anyanselunsaratstiuagnisuinianas
%qazéqmalﬁqmmﬁiumﬁﬁmLaaLﬁwﬁu (BeMiller 2018)

3. /naslausadanalaglildaarusoau (Non-thermal physical modifi-
cation) Liunszurumsauauemnsiaglilldemmdou Feanusadudainisinuvesderdunid

waztaulwile Inelldinaldusioniiuanuaysaw@vodeinis (BeMiller 2018)

2.2.2.2 msanuusnaadl (Chemical modification)
1. Msineyus (Derivatization) 1un1siindjAsenseninaud iy
anaifluanneva Tsgldudeifgangilunininmaanas anuannsolunisazaisiuag
nsvandaiindu udu ulleuiusanusaduunld 3 Usson fe 1) ueyiusanuiasen

a d s

Loanas (Esterification) 2) wsouWusa1nUfA381815035 (Etherification) 3) wilaid euuan9

(Cross-linked starch) (King and Stickler 1991)
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a

2. hdananaakUsaiense (Acid-modification) sdunszuiun1ISi LA

Y

|
a 6= o

UfRsssewhautiiunsndunisdailiiminluanavewutianas Welvavaneluifeunsd
Anuuilateunitsun@ (King and Stickler 1991)

3. utlapendiatu (Oxidized starch) lunszuIuMsATnaAnUfATe
vowudsivarseondled laun arslunqulusiiu raeiu leluseaslsy Weosdawmn Uudu laeay
IFudeiifisnsnisAuivesudadenanas udadenfiSeufinruminanas uazdaulafiuty

(King and Stickler 1991)

2.2.3 mMsdansmenenminedsnisldanudeudy (Heat-moisture treatment)

nssaudsitienapanudoutudutailsudidnglivhatelassairmeasiauta
Faanunsavilelnenisligamgiinganitounafindreuis (Glass transition temperature; Tg)
wa%mé'm’iqqmmﬁﬂmﬁ@Lﬁ]asuaau,ﬂq w¥aavialkaanud uiuntls (Ashoghon and Akintayo
2014) faeeai uaiudUsndeauUsmeaiudoutufinnugulugag 15-35 %w/w wazli
grunnfilugag 70-130 °C iunan 1-72 $alais (Thoas and Atwell 1999) n1affauysutldie3sa
rdananosnwasANUlundn seunUvesidEend dunsASe1TEI e a@1elY ASUINE SIUTS
nsvruveseglulaaludands ndsuntaifinanadsiuey fusinvasds UTmn iy

ufeumgluagnanldlunsyuiunislusniys (Gunaratne 2023)

2.3 \Wiauasan (Basil seeds)

1Y

wusanduigana Ocimum L. Basi) $neg 19A 193 Lamiaceae N15T1MUNNY

Y

1 [

Ineeansuaniianned 2.3 aunadndmnddymeiuasugrmansuageuayulnsma
nswnng Tngnunisididanusanlunaneuszwmavemiviede Wy Buke Fu eauy Fidn,
souislne esaindaudmaslnvuinsiinainvate Wiswusdnanuisaldugsemsldvang
Usplan Loy veavu uasedosa (gl sufinsldidaussdnluniseauaueims uenaini
LﬁmLLmé'ﬂé’qgﬂﬁwmaﬁ“ﬂLﬁuﬁwﬁwamzmsJLLazmsLLmﬂﬁluﬁﬁamﬁamqé’mﬂﬁéhuLs??aaga%w
walfifuansiuoyyadass audimamonmueadauusdnuansldfmsisil 2.4 (Naji-Tabasi
and Razavi 2017)dl puaud g uaaazgnadied udenseuidauusdnuioidondilen
(Mucilage) Inewdinuusandivsunauiionasdia 20%w/w veawanuis Fsgnidilulelnsneaassdly
55598 (Natural hydrocolloid) fiffaudifiuraulavdinlmlilewsoudisuiuiu (Gum) ¥iindu

fifllusiesnann (Naji-Tabasi and Razavi 2017)



ANSI99 2.3 N1FIUNTUNNIINGIFENSVILLIAN (Bucktowar et al. 2016)

NSIUN 0]
9IUNNNT W (Plantae)

U NN (Lamiales)
29 LW (Lamiaceae)
ana NN -Inseny (Ocimum)

aUd O. Basilicum

A5 2.4 audAnIMEn nUeLdalugan (Naji-Tabasi and Razavi 2017)

v

Yoya AN
a M
ANATS 106+2.7 um
AANNET 1970.77 um
AUV 1.37+0.24 ym
TR 12.8+2.8 mm?
mnundunsinay 0.62+0.04
i (1,000 wide) 213+0.03 g
AUNITUINA 34-35

al. 2014)

Ldnsdilaensdu dnviwvnuiilvinaudadiion wagdesdeddiadivaaenaisynasaninisiluly

11

JUR 2.4 dnwazveadauusdn (A) Weansednnouuin (B) Wawusdnwdvanii (Khazaei et

&2 A Y o 1Y £%4 - =2 " 1 v o v ¢ v 1%
nansiiluenansianulidmiumsldnuionis@nwiviniu leugnlviluldusslevisunisen
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2.4 Wianuusan (Basil seed mucilage)

Sonuusdnilasdusznaudiedu 2 daw Ao nglauuuuuu (43%) Afldnsndureniina
nglaasiauuuluaidu 10:2 uaglouau (xylan) (24.29%) daudsenauses fe nguau (Glucan)
(2.31%) nglawsnuuuunilslumsidfauosiiviiduasdmonnedusaalsd Wenuusdngn
T uduarsiuanuvidauazasifiuafosninlugnaivnssue s (Razavi et al. 2009; Li
et al. 2006) dnsun1svaasvautinislnaveulanuudnnuIndenwusdndingfnssunislug
wuvuauialviileu (non-Newtonian) madﬁimwmaaﬂ (Pseudoplastic) (Hosseini-Parvar et al.
2010) tnifeldnuindenutsdnaninsnd usUiluiiduifiausfdnanarsusnsdnume i
uenaniifiewIsuiisuisonuusdniunedusanilsdvindu nvindionuusdniidofuane
Usgn1s 1y andfinislvad funusiagn audRvouiigs amnsodiduldniedan n uas
aunsndesameldnidinmw mnautFgsnadailidenumsdnimnsaniiagannsotugidu
fidufiannsadesaaglsmiaganim (Mithosseini and Amid 2012) 83dUsznauUn1aLAlives

a o Yo PN
L@J@ﬂLLﬂNaﬂﬁWNqiﬂLLaﬂ\ﬂ,ﬂﬂﬂmqiqﬂﬂ 2.5

A15199 2.5 aeAUszneuniallvediianiusan (Naji-Tabasi and Razavi 2017; Naji-Tabasi,

Razavi, and Mehditabar 2017)

29AUsENaY %
ALY 5.90

N 5.30

lUshu 2.30
nsnglsin 6.51
RIGIEUITENY 43.00
lauau 24.29
nauAY 2.31
twiinlaana (kDa) 2,320
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OH OH o OH
0 0 0 0
H
H\O@\O/@O/@G/@U/H
HOOH 5 ¢ H OH H H

Glu Man Gl Man

sUT 2.5 lassa¥emaniiveanglausuuuy (Dilyana, Snezhana, and Spiro 2021)

2.5 Uﬁﬁ’%&nmﬂ%au%mﬁ (Crosslinking reaction)

MadeuTing fie nszvaunndonvewuuaudifseninsaslgnedweddiewusy
Tarawivdeliisiusylariaw deiussanusaidaldiamelulianatazssnindiananes
aolanedlues SUR 2.6 Lannisideauna 2 35 Ao naldeutmnandiainagnisidensnnmis
nentw lnsmsifeuvaensaiaeidaiusslrauissniaslenedwes iosnUfizen
mandiaavilsAduraanstaoilionsnna (Crosslinker) luvagiinsi@onvinememeninaglyl
Aertusslanauriseniisaislgnedwesunasiaiusedu 4 wu Wuselelasiau nSewusele-
gefin [38] n1adensdianudwdudenediuesdanmidueyab iesannediesdinmd
audAdanaiandeiouieuiunedwesiuantlnsden Tnsarstodansedldialey
JuansivszneumeilaiduiilinemainufAze (Active group) 2 fumis titelanunsniia
Wuszyaaliseninaelsnediuesly hognwedatstiedeusnnd wu ninla/meda1suandan

nam151adken wiliiu veuSnd Wag STMP/STPP usiu (Azeredo and Waldron 2016)

Physical Crosslinking

PN NN

Functional group —P
Non-covalently bonded

Cross-linker

5UN 2.6 MsWeurImNINMEA mLazaall (Ramachandran et al. 2019)
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2.5.1 nsagAFin (Succinic acid; SA)

v a

nsadadtinlunsnsssumafiegluguvesdndiun (Succinate) figa1suenda

Y &

2wy Wuansi ldndu wazlafid awnsoazangldidndesluezdlnu §ines tenueq
= i o H P v aa o d' v 1
wazndlgesea wiazatelantud lassasisvesnsadaddnuanasguin 2.7 JagUuinisldau
nsndadtinlugaanssuomsiastasony nIndrdinaiunsandnainuiisennisiulalasau
(Hydrogenation) T iunsauladn n1stAueendLau (Oxidation) WAy 1,4-0anulasea
waruAsenisiinarsuaila (Carbonylation) veatevidulnanea (Okino et al. 2008; Thakker

et al. 2012)
(]

HO
OH

0]
JUN 2.7 lassaiamnaaivansatndila

2.6 g13fugaUNIS (Antimicrobial agent)

a139 U 8 UNTY Ao a13Na@ImIsas (Microbicide) nianegadini1siasgyiauln

(Microbiostasis) ¥aa¥ola @111303HUNAITAIUTBIAUNS A WTRgUseadvansidaula

9

v
v a

JU

1) a9 wve (Disinfectant) Ao ansiianunsanidnerdusdlivalnvany uwaylidnmie

a

191999 Ingztenliindnagiunsguuiiuridwewng q Aludddanedudanisunsnszany
&
NS
2) @19523UL%0 (Antiseptic) Av a199dlAuaINITdBuAvaIse YD waazldi1dn

& a ¢ a a4 A a ada | & i - A !
L%aﬁlaumiauum’gﬁiaLuaLU@GUa\TaQNsmm LYU ﬂ’]i"ZJ’lL“UE]F[,ui‘?dMTNmiNMW WUAY MUY @159

A a a aa 1 Y @ Y dy 2
Waunariad bifliwseauaunsaldifuaisseduels
3) g1Uf T (Antibiotic) Ao ansildmdnnseauamdedunsgntslusienie iny

RNZI1299UN T (F1NUAIUANLATE DAL TN S UATY, 2558)

a

£ y & a ¢
2.6.1 na‘lnmiaanqws“uaemsmuwaaauwiﬂ

q
a

NalNN1509NNSUIANTAUT0YAUNSIALAINANTENUADLIARUAIUAN 9 LU

9

mM3fuansingiead nsusnvsen1sieenvesas nssunluaunangluwad wayn1sdudinis
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uveneulsy Wusdy Mallansiudeqdunsdasidvinujiseisenalnfiunnsisiuniuediu
A9 9 veugan (AUinuAIUANATEIEIR 1A INgUNTIY, 2558) Tagluuniiaznandenaln
N1300NONEVIATIUSDYBUUATISY

1. wilaaa (Cell wall) vasiuaiiissasUsznaunivalsaifay Ae Wuiilalna-
wAY (Peptidoglycan) Useneuainuiatauaznsneviilunasradulasimedouiunaietu
1A8WUATILSULNTUUINALTNTRTAANUINITMUATIS ULNTUAU UBNINUNLLTAAAIUTAIUAUENS
% & A A Ao U v A Y] ¢ A a oA & Yy A &
AU ek UATLS e dANNYa UL Le MuNNve N TNYadvaIwUATsy A LTulATIas19T kTt
aumunsany wazdesiuliliarsimudlvlumeala @dnauavaueissdionsazing
JUNTIY, 2558) (AN NUAIUANLATEIE0 AL TR dUNT1Y, 2558) N159BNGNENNTILYAAYDY

a a a aaa b2 dy = a U a = %} & o Y a

wuATIFe 1RINUH AT vesaIsAIuBUATI T va1sBunsgluntugadilviinnissuniu
SPUUINI-UBET dmabinauiiassuasauiuuUlTRuanas v lANdueadu1ees 1ings
WALV LERdLAN (WIaNwal way UST1 arssaiiitia, 2541)

2. Weviiaa (Cell membrane) UpduUATLTEALYTENBUAILAITTININGNALAL

¥ (7
& ) Y

TUsAududrudify Tnsuuatisounsuvanardigevud ulunfen unanaunns e leglanaadu

§
17 Y Y i 7

(Plasma or cytoplasmic membrane) uikuaissnsuauazdienstulunaztongadtuuen
(Outer membrane) MNYBLLEBNILYAATULDN AD UaiNuigadluaiizeaInNan1IzA1euan
drumihivestevugantuly fe Jesdumsianideuasazanain-eeniwadliensasaned
J A o w 4' ) @ ) £ v &
Puazglifdn (@lnnueuauasosdionuas IngounIIe, 2558) N11598NNSUVBNAITFUTD
o o = v & o o I aa = & v s
LuATISEIzIh lalngMsnansiugauuaeunsmitnluseninedinuaglUsiuvaataviugad
inliidenalnnismivruasidi-eenvendas dwalvitderuwaddnvin wazwadaigluiian
(Weanwal wag Uy @dssaunds, 2541)
3. lglananadu (Cytoplasm) 1lusguodansiugNTsuvadgadwuATIToTINY
ulydivarlushiu Wnsarsiudeuwuniliseauisaariuisealanessaulaluley (@dnau
d' o [ [ Fo v o a § @
AIVALLATIAID 1AL INNBUATIE, 2558) WANIINUEATNREA18T8UUALIULDKATDITHEULD
danalinsvihauvesssuudina nliauysal Snnsdwhatenisdanseilusiu lnensdudanis

a519lusAunlslelon (Wednwal way Usvn adssuiia, 2541)
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Lipopolysaccharide- —

Acidic polysaccharides
rich outer envelope
Thin peptidoglycan —

Thick peptidoglycan
layer
g =
S - 5 layer

Plasma membrane‘[mw‘ e
1

5UN 2.8 TAseari1aveuualiounsuauLazunsIUIN (Christmann 2014)

Plasma membrane — |

2.7 nsalnalaan (Glycolic acid)
nsnsanilonsendiBuansnanistdvusaglasuniseausuegeniiewinsdy
2N sunndRuns Tnefouldsnwlsaiantsunddnanluind osdons wildunse
Sanlansendiitesld fe nsnlnaladn (Sharad 2013)
nsnlnaladnifunsefifiiwinlnanaiitosfiaaidenisuiioviunndanils-
nsenduiindu dethuinluanaiesrililmanavesnsalnaladnaunsndudi
Rmdaledne Fetenliiduarstiondneadig nsalnalaanlsenaunieasnauUes
AT UL 2 8xnoX AR ANSUBNVBINY WaiduA1suenda (-COOH) wazA1s uoud
fumlsaaiauderumilidulansonda (OH) Gaiilinsnlnalrdnasnsaazaen
16784 Inelassashonaefivosnsnlnaladniansdsguil 2.9 Arfllesvesansazaned

U

LilpeglusUvesiviesogluyae 0.08-2.75 uenaninsalnaladnddinaaud

a

ip
AUNTBNIAULAZAUBYLADATY (Fernandes et al. 2022)

O

OH
HO

gﬂﬁ 2.9 Tassasramaailveansalnalaan
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2.8 wanafnlawas (Plasticizer)

wanafnlywedidusdusznevddyiideiidoauds@idauaidfdnd (Physicochemical
properties) voanadues wWiodunarainlageslunediwesszanusenieluansldnedues
anelandnuasfiufiuiiinssninaelenedwevhlvaeldannsandeuld ety dmalfaudh
woRwesianumiersuieruannsolunsvBaguiiaty uazduusidnualéitu (McHugh
and Krochta 1994)

2.8.1 nawasea (Glycerol)

ndwwesea (1,2,3-propanetriol) 1uvesnainiinliid lufindy wazdisawd
U FenfweseaaninsandnldainsrsuAuaziinarsderullngiad ndiweseadu (Crude
glycerol) fiauuTandil 70-80% fetiu e ududidawiliianuuTansodlugag 96.5-99%
iielvanansaldauldludamnmag ndiveseaiiumaedidauauaslvnuldvainais
nAweseamusnasangldlunonnssesuarih osnusznaudemiliidulensendaivoui
3 e (assadiamuauaneds3ud 2.10) ualiazarsluarssnanlalnsasveu
uazdsennsananeidundnléfignmaiei (Chelli et al 1999)

a |

naweseaiduansaid Afinsldnudanidsdnunalandan el o7 gu

LA3DIENDI9 91N 81 wazKARLagun LW wenaniindaseadiansarindulaiuian
N I a 1 v s £% [ IJ Y a

maad dauadesnmgluaniteund Lilduduasiodedwindey uwagldneliinng

seAgfolialday lnevenelulazn e uanvadlianaveinalyesaln AU I usy

lalnsiaugs (Chelli et al 1999) and@An1anienmasLalvendigesoad usauandlaninisng

26

HO OH

OH
5UN 2.10 lassainmaaiiveaniivesea
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M990 2.6 FUUANIINEANLATALYRINAWBIaa (Chelli et al. 1999)

Uaya A
gasiadl CsHs5(OH),
thweinlanana 92.09 g/mol
AURUILUY 1.261 g/ml
ANNTA 1.5 Pa.s
SIVGLHIVGE 18.2 °C
PR 290 °C
9auln 160 °C
WIIANR7 64.00 m/Nm

awv a4 v
2.9 UYNLNYIVDY
Adamu et al. (2016) lavinn1sAnednsnavesndlgeseanoauifuesuiullauanuds
Tued1Uznas Taevian1sAneInd i wos8an Usuin 05 10 15 waz 20 %w/w 31NNan1s
naaassenAla FTIR kansAIN1saanaulugienueInaui 3700-3300 c (landnuaives
nylandulansenda) induillaiiuuSuiuvesniiwesea Weasnnuyilsidulensendaveuds
STudlynaaznaesoannouninaeneiiu dsaNnstudulameravesnIsnadeuauUAidna
WU BN LYS UveINELYesea AIANLT ISR flAnanas uaAISEaf o 9210
fiAi LY iesanndwesearmindmdunaradnlewesdsaiuaseaausinieluluiana
wagtiuanuansatumsedeulvessglenedues Joilivunulinauavguiuyy
Klein et al:(2013) lovinns@nw1dndnavesnisaanUsudiwuunienssazaoinsanag
Wnsldanuseususantidudiusnas wulmasaninisanudsutaisaoinuy AnITazale
wazsoavnisvinivesudnutanasedrafifedAgudisiUssuiisuiuudaiudugvasnlaniu
[y a ¢ L3 & v a & 4 . . 1 |
NSAALUT A1ANANITIATIZRANBAINITIABNUUVDITIFDNG (X-ray diffraction) Wui1AIAIMN
¥ ~ . o o o A ) Al oa X A A ) av o
Wuvasiia (Intensity) vosutliuduzudsnaunsaatlsiaiuduiloisunundenliniunis
fauUs Feanansaesunglainusiuiianudunan (Crystalline domain) Tuiaudadinsdnises
lassasaladudusasidussidevunnd uvazd ey lunszuaunisnisaaudsud sdae

AMUSAUTU
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Chaya and Prachayawarakorn (2021) lavinn1s@nw1dnsnavesgamgiuagziianluy
NSZUIUNITNTAALUTHUIAI8ANUTUTUADENURVD LN U AL T uaA Uz rae Tneyinn1snanans
71 6 any fie gaungll 110 °C uar 120 °C 10U 1 uaz 2 Falus wudnsaawdsudeineninuiou
g | vy Y] | N W o W ' = ~ Y] = "

P udsnalisevaznisvindlanatey i dedia il etuisutioun vl e bW

nsaawls Tngan1eigamll 120 °C vian 1 Falus Wuanisimunzauign lneiansanain
wa a Aaa i I o aa a A = ~ Y] A

HavesaNURTInanfNgauazAnnulundnidmasigailaiSeuiisuiuan1izdu o

Viana et al. (2021) lavIniswauiwasd ugunatadnganimanudandena g
AEIUNITFALUTAIEANNSIUT U AINHANITNAaRINIsTRMIUY Lot ansliiuITnaann
= d‘ ] % v §74 dy a v = 1 on 1 a o [
FnmAnLUsINI UM SN IARLUIAEANSoutuen I N STLRIUR s o anate 1l Ty d ATy
WaSsuiisunuwdenlidiunsaawds anranisnaaeuandfldananuinAuendavad
(Young’s modulus) Miansisaruaninsalunisisgnvasiiuauiaigedu wenanniguuuuves
a Ql‘ = Y aa d‘ a dy = aa 1 E2 =l 1
A FTIR kanfisdunsnservedluanaiindulunanadndinim wuimnud vvesiinlunsiag

d' d’% d' < al % d' [ U Y 1 v ¥
ANNENIRAUEWH WarSsuiisunuwlanliniunisfands wansliliudinisanudsudanae
ANNTBUBUAUIOYVIIIIBUR AT s YT dlaanalLAs Y
Khazaei et al. (2014) laviinasigadionanuaivedunuilauainideaniusdniiaiuise
SUUsEUbarengaatulANINTININ AINTIFIIUNANNTVIAABINUI LB NWINANTALEILTaTY
= = 'L P Y 1 oAaw P va a % a PR
N3 uUdunnniauly Inglaununiidnvaslusanas Taudanawasnsiussaganais
Tnelunsulanadnisidundwosoaludsuias 25 %w/w kHuRaudA1n1sdur1u9laIn
1.83 x 10"%g H,0 m?S'MPa! A13auasnIsAudT s 9Av071 26:89% warfind1uudausafanas
4:1' ::1' a 4 ) U 1 = I3 [ = d'
Viga 29.58 MPa 3nnMIRsssikan I saaewinguIwdlonusaysadudanmaianiive
a @ a v
nanLdunaaindininle

Hosseini-and Nabid (2020) lavinstugUwiuildulalasiaaainidanuusdnfisunis

FouvremaaiidmiunistdamduianUaunafiaansaindse Tuanddedldvinnisuauned
¢ a oA - ) avy  a I3 ~ a ¢ & | A

wes 2 vila Ae Wenuudin kazwedliialeaneagea nedingnisnanteniluansyieiionying

wazinAweseatdunalafinlyteas 1NHANITNAFDINUIINISITNOALUDINAL AD oA -

hflaweanagedtazlda1suieidauvine auisatiuAundansslrguauls (A1ANULTILTIR

wazAuendavedaiiageu) waznisidndweseadunaradnleiwasauisaiuanuanisalu

P=1

AedaLiuay uenINduwiulauwnan igiaunsasnyanuguTuredng widaunsoduriulan
fanudndulalunadinin wagliduiivdewad diuanuaunsalunisyaniassenansi-

lamdu lalnseaslsnlinalanane1feuvinnu 8.5 wag 7.4 F9kinanuInnIluaniiznsa
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Thessrimuang and Prachayawarakorn (2019b) 1@ ¥P1n153 3 suwas Waiunwe uil 6 ui
anunsagevaaenaTinmldandlenwusdnlagldastiodour s 3 afia lawn nsanismiin
ASANNAN WAy NIATATEN I1NKANITNABBINUIINITIE@15Y 81T pu1 TR AT A LAY
0l YAAIAATDIUTIANANANUDY LAZAIAIIUATEN O qmqqqmmLLiQLﬁmﬁuaﬂmﬁuIﬁ%ﬂ
FeaonndostuAraudundnanas arwanunsalunisdusuvedletiwaznsuiniiiianas
wanldanstaodonying %ﬂﬁ@@ﬂﬁ@ﬂﬁUQMMQﬁﬂ?iﬁﬁﬂﬂﬁ?ﬂ?ﬁﬂ%?ﬂ%@uﬁLﬁwﬁwﬁl’eNﬁ]’]ﬂﬂ’]’i
Fouvreszmsanslgvesdlonuusdnivastisidonlos Ineudnaitanisideusnauise
FAv19N3NSTUENUYR LR ALAZNSUBRILE

Rivera-Corona et al. (2014) laM1n15A nw1auUa n19A14s puLarlaTIas 19999
et aEnRulennsrua s (O, ficusindica L) 99nnn3nadeunisia ealunvessed
Sngnudnvusvesialiiinsasuwlassiofiausadiennssueans uanuduvesiia
Aunansmudundniaranasilousinamdannssusanasidiuiy iosaniiennssuonnesd
ruluedugrudsdmalidprnndundnanas

Ayquipa-Cellar et al. (2020) ¥irn1swauidanainidonuasnszuesinas (O. ficus-indica
L) fuudsnimddeniudds annduinstugldusduiidaianniniudssmulddemade
ED TINHANITUAGBUANTAL AL ILAYAITUINAA (19.70 ~ 77.86 %) Wuinwsuilduanunsa
vashuazarareldlu iasnugilsiduaiiuentouarlensondalulasiaimeaie sianm
A lald AndunsAToraiuisnadiaiusylalasioutumy Waddulonsondavesulé
FsaonAdssfunsnadaunsTuiuIe s ikansl i u Ui salvn gy il dea
dlofnUinnameaiionsnivionnssveanesiazlSuiavenawesea

Nair et al. (2011) lavinisAnwiguuavesuk uilauanudaiudvsndwauivyn
mﬂms‘maauﬂ75LU%auuﬂawaqauﬁamamm%uwudﬁLﬁaLﬁ'mﬂ%mmuﬂqmmﬁ@waammm

wagnaue1Ial (AH,) vesd uduanad tilessanynaldisoanuwsanieluluianala

(%
LYY

nviadsanUiinamuidunanveatls Ssaenndesiuaniidnaiislominysinaundmaning
fns a1 9ty WevhnimmegeumtaansalumsTusuvedleth wuiiddasnist
siuvesledifindudefinuinuyn Wesmnlaesssunfauifivesyniinnureuingeniuds
uaraemndesiuNaMIVagaUATIANIolun A i wilerfiuUTinayn
Thessrimuang and Prachayawarakorn (2018a) lavi1n15igauionanyalvodun uildy
wilsd T o dusunveserlulaagalask1unisid euvanesensaundnuaznsadadin

NaNUATINAE 8YI1N15L1 8 8UVI9AI8NIAN A8 T AVl AIANUAY 0 IAFIHAVBILTY
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wazAuenfavedillA1anas d1uAIAIUATEN M INFIAAYBILTY UANTNTY Teaenndaeiua
anudundnianand oin15.8 ouv19al8nsaviv@erila 18391001548 DUVINNTENIN
Wi TeIlarnInaNNIatavIeNsIasesinveHanla

Belay et al. (2020) lovinn1s3densiasuasiaudfivesiulaen1siasunsaiuwuaiise
waglaauazilonunewensadadidn nnan1smaasilaleurinslinuiulensadagn
WUTIA1AIULT s IA T AW o 70% (370 55 + 9.97 MPa Lt uvu 93.40 + 9.97 MPa)
dlaiasuusajuiiuua uwagladA1A LTS IRURNTY 56% (370 55 = 9.97 MPa iy
86.30 + 14.70 MPa) uaziilaldvamsi¥onuiesmisnsadafinuaziasuussmeuuaiisewaglad
WUTIAIAINLD U IIF LA 1T 4 101% (377 55 + 9.97 MPa i atdu 111 + 12.30 MPa)
LA¥IINWANIFIATIEYA I FTIR WuINARNUSIednaTsenIany Handumsuendaves
nsndrdinuazvyieidulansendaresiy uenanddufnnisi@auving (Husylaiaun)
waztiinuss (Wustlalasiaw) ssmiunuiuaniseaglas

Fernandes et al. (2020) tvinnsfinyipauansalunisiudevensalnaladnsieide
Bacillus cereus (Wn31U3AN) wag Pseudomonas fluorescens (kAsuay) lastUTy Ul uiuans
4 dy a a ¥ a A o/ ] 3 s aa 1
AUTRLUATISYE198Y A rundalaillounaslss wagnInluesesdin NNEaNIIVAaRIMUINNgg
lnaladniinalnnsimudisuupinispaeiuuudalatiotaaalse A a1unsavangLiaviuves

3 P a v = v o2 a v & v &
waskuAise Bansdutuaseandladle Bwandliiuiinsalnaladnaunsaldduansinue
a I

wuATield

Valle-Gonzalez et al. (2020) lpvinsfnwinansgnuaaseieoysonituaunsatunis
A1uLtia Cutibacterium acnes (kn3uuan) WnevinsAnwizvuuunsalnaledniiduuszaau
(Anionic) wagluulifiuszau (Nonionic) 31NNIsNAGBINUIIATLENYRIEITAEaENIALNaLAZGN
lugae 3 - 4.5 (n30) @Tas UL UATIS Bl AUTLTWEISA o Waznsalnaladniagly
susvulifusyamnsadnfaladiuitovuadveswuaiiiselaanintuuivsegau vilidgns
¥ & A val ! & a o | [ [ 1%
muekuaiselafndy vennlinsalnaladndiauisativanonsdniaumas sesuwnatiule

Kumar et al. (2020) lavihnsfnwdseansamlunisiuenuafiisevesnialnalagdn
waznsalnalAdnd aed uaun 1A UTUIANILULLAT INNITNAABUNI ALY LT UVBY
nsalnaladnluseauinaniaunsadudinsiasyreRdunsdfee S. aureus (WNTUUIN) Wag
E. coli (wnsuau) Wudnflawniu 1.8 uag 1.9 mg/ml muaiau uena1nfgslavinisnageu

AMULTUR YR BLadf8n15ILASIEE MTT nulnnsatnaladnlufianuduiusaiwasdognedl

CY

HedAey felu nsalnalmandsenunsaldiluansiudonuianislaegrsUasnsde
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PINMIANINEITeMNL o EITeNUINTTUIUNTUTUUTITsReAuToudu iaay
wauladlesnndunssuiunsilidlfasialivasfulinsivawndon Snviadsanunsodfivaudd
Wanavesladndoe Wenwuednidanuaiuisalunisgaduiigedad ugaauniagdiuiiig

AuansatunisgaduvetnaiBniie uenantinsndadiniiluasifonvinamaeiaunsei

1%
v A

fwLﬁmmmmLLS?J’QLmL%ﬂﬂﬁiéfasmﬁﬂiz%’w%mwﬁqgﬂiﬁffmuiumu‘i%u TudiuvesanuaIuis

v
IS a a

lun1siudefunidvesuruiaulowna §37uladnsalnaladnfiiauaiuisatunisiiu

q

a a 6 a

WegAunsgnunsuuinuasunsuavniedilidfeuduivaeiwadiodninnnudrdulanig

= [ | - a a v & a = | A s A
Fanm wnduansdetinUssavinmlunisdnutoadunidluwiuiauUawma



3.1 @15uA3

1. wlafudends asandens nviwuduandydivana nu ssdusznouniuad

uni 3

A5ANTRUINUIY

2N UAN UL R ILANININITIN 3.1

A15199 3.1 a9rUsEnauMaAilvaatsiud 1 Usnds

2. Wouusan (nsee1ms) 9nudenlssyay 9t ssrUszneunisadveudauusan

29AUsZNAUY Wosiduilaeimmin
Toslu 0.25
ATy <13
TUshuy 6.50-7.50
Aslulainsm 87
-ozlilles 17
sozlulainafy 83
L0 0.23
YU < 160 pum
AadunIA-Ang 6-7

NUBUR: ToUaNUTENHRES

LARNIRINISIN 3.2

o 3 = < [
M15199 3.2 99AUTLNOUNIILALYDILLALLINAN

1Y

29AUsENAY Wodiudlagsimiin
AT 5.9+0.54
fal 5.3+0.23
TUshu 2.3+0.8
nalakuuLuY 43
woduwaabsAuiadue 13
nnglsdin 6.51

NUBUR: VaLaINUTENHNER




3. NIATATHN (C4HeO,) INTABMNT INUTEW giileuiaiinea 911in

] 14 Y aa
191991 3.3 VOHAVBININVNYUN

daya A1
thwinlanana 118.09 g/mol
Anudanse pKa; = 4.2, pKa, =5.60
ANABUI? 184 °C
ATUAUILLUY 1.56 g/cm?
nsazanet 58 ¢/L (20 °C)

ANy ANGRe

VUBLE): ToAINUTENENER

s
=

4. nsatnalean (C,H,05) LNSAMNLUIENDES
EPX. Co, Ltd.

M13197 3.4 Yearasnsatnalagn

99% INUSEN Suzhou cosmo IMP. &

Yoy A
Total acid 99.62 %
ARDIU 2 ppm

FaLil 1
Ian 0.32 %
AT 0.26/%
lanywniin 4 ppm
anwaly HANEU7

nuBLe: FayaNUTENERNER

3.2 gUnsaluaziadesiionldlunmsnnass
1. gUnsaliedesui
2. weslulines
3. \A30stunIu (Overhead stirrer)

4. uuidniuniu

5. NAWBTa (C5HgO5) 3NUSEN Lab system, Co., Ltd.

6. ﬁﬂﬂélju (Distilled water)
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5. w3pednimin (Analytical balance) 31 ML3002 31nU3¥" Mettler Toledo
Uszinalng

6. wlviauseu (Hot plate) W c-mg HS7 5000 3MnuTEM IKA Co., Ltd.

7. ﬁauam%au (Hot air oven) §u ULM 600/1 21nu3¥n Memmert Co., Ltd.

8. w3898ans1liin (Ultrasonic machine) U Wise clean 21nUS¥W Wisd Co., Ltd.

1%
o

9. mifeflanudilen (Autoclave) Ju JSAC-60 91nUTEN JS Research Inc. Useine
NS

10. FuguTa §u DW-40L92 91nuTHN Haier Useinedu

11. inFowhanuuiuuidenids $u Coolsafe 110-4 91nUSEM Scan Vac Usgina
LALUUNSN

12. 999isu (Duran-bottle) 11476 500 ml

13. paananadn (Propylene tray) U119 13 x 22 cm.

14, 1nasiile (Vernier)

15. Lﬂ%aﬁ‘qa‘v]iiﬂﬁ&ﬁﬂmawwuﬁmﬂim (Scanning Electron Microscope, SEM)
Ju LEO 1455VP 91nus¥w ZEISS Useimneleasuil

16: inFosiamsifonuivessadidnd (X-ray Diffractometry, XRD) u XRD-6100
INUIEN Shimadzu

17, ipfosiinsprinnasuniawesanslageduautfiniinnuieu (Thermo

gravimetric analyzer, TGA) 34 TGA/DSC 3+ 1nU3EN Mettler Toledo

25

18. 1A304 FT-IR alunlnslilpiines (FT-IR Spectrophotometer) 31 IRTracer-100 91

U3t Shimadzu Ussmadiu
19. in3oeadauBLUNUsZasd (Universal testing machine) 3U LR5k 31nUEm Lloyd

Instrument UseimnAan3gomanT



3.3 A3N15NAADY

3.3.1 A11IATINITANTEUNIUIY

26

WHURINTA LAY wanalaltugui 3.1

Heat-moisture treated starch (2 hr., 120 °C)

Basil seed mucilage powder (BSM)

v v v v v v v
0 %BSM 10 %BSM 20 %BSM 30 %BSM 40 %BSM 50 9%BSM 100 %BSM
v
Succinic acid (SA)
+ \ 4 +
0.25 %w/w 0.50 %w/w 1.00 %w/w
[ [
4
Glycolic acid (GA)
v v v
15 %w/w 20 %w/w 25 %w/w

l

\4

Characterizations and Testing

A 4

Attenuated total reflectance

X-ray diffraction

Thermogravimetric Analysis

Morphology

Water vapor transmission rate

Free swell absorption

Gel fraction

Mechanical properties

Antimicrobial activity

Cytotoxicity

sUN
LT

3.1 WRUNINISAWLUIIUITY
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3.3.2 maaudsudslagnisldnnuiouu
1. auldruauutefignmgil 60 °C 1ulian 2 9alus

2. USuanuduwdsliiianududasas 20 lneaunsafuwinlanainaunisi 3.1

ALY (%) = (W, — W)W, x 100 (3.1)
do W = dhwiinudeiifiannududesas 20
W, = thveinudlefidrnugesay 0
3, ‘U'ﬁﬁﬁgLLi’]qﬁU%’Umm%ﬁLumemu
0. ldvann usuii ussaudaudaadduniedsaudulown lnsldgung d
71 120 °C Huwar 1 $2lus
5. yautlafirnumsapuysioanseunuuliandon tavsourunzLng

Wwas 35

3.3.3 N1SANALINLUNAN
1 =3 [ ’c’; w' [ 1 i{w v =3 [ 1 9{) oJ

1w awuaanluw1ng wludnguwvdnid anueaneawina W 1:50
~ a v < v & o v )
Mgaumiviosauiuannesiauilaeldiiaiysenna 1 dalus

2. Judafn nesdfuneaeas a9ty 1 119 i auantidanasnannRIvedin
NGR

3. YIINITEUNS AT 0N NIUNITULN D LUNLALE ADDNANLL DNTIAULED
7000 rpm 1387 3 W7

4. enuudnilatuoungamgi 60 °C IlBNWUANI

5. Yulmdung taziivlunusiaaineudy wssudnsunsnaasdudusaly

3.3.4 mamssuianUaunaannuisiautslasaauoutunauiionuusdn
1. azaneflenumsdnurisluindumusasidaulunad 3.5
2. Yumuansazangainde 1 Melndestiuniudigamgil 40 °C Wuian 30 fl
3. azaneuilidandsuazndiesealuindunudnsdnlumaed 3.5
4. Juniuansazarsainde 3 memudméniuniusuisgumgineuliniea
(Pre-gelatinization) Usgunad 70 °C
5. Hanansara1eante 4 aduansaratslude 2

6. Junusiefaamall 40 °C \Juaan 30 Wi
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7. ananuialunisduniuly 5 uiigasielieylusedusiioannisiin
wasanmalutunu
8. inansazanvaslunianatainii onaed ugUukuiify indsarsazanols
asianeinia

a

9. aulugevaufauiaamall 60 °C Wuan 14 Falue vseaunIWNUTELZUIAS
10. WhwkuAduaunalidudias anduinisasnunuesnainainnaiadn
2 = &
waziiulunuAINALY
11. i snedauandfang o vounuildulauna Laenansnafianineyinnis

WIBUVINP YN IAYATUA

3.3.5 Madenvddiensadindinvesianlaunaanutlefauisfosninufoutiunes
WNLUeEAn
1. wsnasazatsnnuddpny swendlonuusdnaduil 1-6 ludedl 3.3.4
2. iNA1382a1ENIAGATUN 1 ml adbuasazaisnnlannuUsHaNLIoNUWLIAN
wazduniuse 30 Wifl (Mswieuansaranensndrddnasnsafnulaluniann n)
3. Yimwduneudt 7-11 Tutef 3.3.4
4. nnsneaeuanifsng o vesunuiidu Fengnsninrigaileiuaninisdy

Wodunidlutunausaly

3.3.6 MaLiinauiAn s aunIddensalnalednlida Ununaainudefauus
dremsldanuteudunausionuusdniiiiunis oy
1. wivtdnsavargainudasnulsnanilaniudnuaznsadaginaudui 1-2 Tu
o7 3.3.5
2. Wdd1savatensalnaladn 5 ml aslugnsavalsnidemanysnaiionuuean
Aleande 335 wazdunause 30 w1 (Msmssugisazarensatnaladnauisadnulaly

AIANUIN N)

4. YMPUTURBUN 7-1 Tuda? 3.3.5

5. yMInegeuantRcing 9 Yawiuildy asliavefiusenanisnnass



M13199 3.5 USunaudunaslunsaggns

NGIRERLL,
p 4. utly (HDALLNEN nIngATin nsalnalaan
! HemeE (D (BSM) (SA) (GA)
Yow/ W g Y%ow/w g %ow/wW g Y%w/ W g
1 HMT-0BSM 100 5 - = - - = -
2 HMT-10BSM 90 4.5 10 0.5 3 - - -
3 HMT-20BSM 80 4 20 1 - - - -
a4 HMT-30BSM 70 3.5 30 Toh B 1 = =
5 HMT-40BSM 60 3 40 2 $ 1 = -
6 HMT-50BSM 50 2.5 50 2.5 - - - =
7 OHMT-BSM 2 q 100 g - y = =
8 HMT-30BSM-0.255A 70 3.3 30 1.5 0.25 0.0125 = =
9 HMT-30BSM-0.50SA 70 3.5 30 1.5 0.50 0.0250 - =
10 HMT-30BSM-1.00SA 70 3.5 30 1.5 1.00 0.0500 - -
11 HMT-30BSM-0.50SA-15GA 70 3.5 30 i\ %) 0.50 0.0250 15 0.75
12 HMT-30BSM-0.50SA-20GA 70 3.5 30 1.5 0.50 0.0250 20 1.00
13 HMT-30BSM-0.50SA-25GA 70 3.5 30 1.5 0.50 0.0250 25 1.25
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M13199 3.5 USinaudunauluusiazgns (de)

89AUIZNOU
4 Do iy (HOAUUIAN NINTATLN nsalnaladn
" HemeE (ST) (BSW) (SA) (GA)
Yow/ W g Yow/w g %ow/wW g Y%w/ W g
14 NST-30BSM 70 55 30 1.5 - - = =
15 NST-30BSM-0.50SA 70 3.5 30 NG 0.50 0.0250 = =
16 NST-30BSM-0.50SA-15GA 70 .5 30 a5y 0.50 0.0250 15 0.75
VUG - ynshegsazangluninindu 250 ml

- yneegslindwesea 1.5 ¢

- dmiinvesudeens 5 ¢

-NST Ao wilaslugius vidan lailnunsanwls

-HMT  Ae wisdudrdevaanieinunisankyslagninusouly
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3.4 NSNAFIUFNURANG 9
3.4.1 mydmsznlassaisuasvdantudlsmaia dunsisaauninsalal
(Attenuated Total reflectance; ATR)

N133LATIENLT N TIdRULATANwIlATIas 19vesluana taeuiuildy
UM 1x1 in® 9UULYY ATR prism ¥11A153LATIZRNG9AAUT 4000-700 cm™! vInsHanu

45 ASIHBMAIBENY NAUAZLDYA 4 cm'!

3.4.2 MsAszRUSIaEEnaemadanisiBeauuisdisng (X-ray diffractometer;

XRD)
mMstassinuimandnuotusiulnserdendnnisia snuuvessdisnd
ARNNTENUTTUTUNANTLNAS 9 FElA3 ad X-ray diffractometer 314 Cuka ldamenadu
Wiy 164 A nsvadevazeanndundnvildlaglduuinyusnnssnuvosiudlddiastsmun
(Net area) Ao 20=5-50 041 A188N31151 1 03A1/Nd Lagfiui 7 aula Raw area) Ao

20 = 10-30 29A7 lagaun1sN 3.2 I lun1smiuluvnANsosasA L UNEN YD ITUIY

% Crystallinity = (Raw area/Net area) x 100 (3.2)

3.4.3 M3AniduguInenlaendesgansiaudianasoukuudednsia (Scanning
electron microscope; SEM)

insendugiuingalaglilinneinnniedaunwesiuleglindesgansse

<3

v 1%
a v 1

LANATOURUUABINI 1A T3 wudegrmsenlaainnisinlululasiauvalanniuiaasu

®)

€

L 4 o

UNVNARMERUAIANSIANBULIIIUAT BINAFD UL D AN YIAN YaBUDINURIT LI

=)

3.4.4 n150U8 gunUa sy nussdslagardsauy@niaa1ut oy
(Thermogravimetric analysis; TGA)
nMslnsRsatediolineinisdasuwlaniminvesasiegdagende
audAimenudeu ansawisuiiogslnemsindied1suazdaminuszana 10 mg asly
Ay uazvhnsiengineldusseniauialulasiou lnelieseiletsgumnddaus 30 -

600 °C AM8IRIINTHAINNSDUN 10 °C/min
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3.4.5 MInagauauUAtana (Mechanical properties)
ANSNAABUANURLTINAVDITUINU 1ABLAS B9NA@auUatunUszadn (Universal

testing machine) Au11MIF1U ASTM D882-02 ATUANANTILURITUTIRUMNYH 23 °C UarAuTY

#UWNS 60 + 5 %

anmefldlunimagey

1. audafilda (Test speed) 50 mm/min
2. Se8naaay (Gauge length) 50 mm

3. Inanwas (Load cell) 10N

I @ = \ N 1 v .
AIANNLVILIINY (Tensile strength) 13BAIAINLAUEIEA (Maximum stress)

Y93ARLIBLATULIIAY ATUINAIN

Tensile strength (MPa) = F/A (3.3)
e  F #o usageanilflumsistuau (N)
A Ao Nufinisnvastue (mm?)

Wesiiuin1sfadn o 9nun (%Elongation at break) AN

Elongation at break (%) = 100 x [(L-Lo)/Lo] (3.4)
dler L A9 ANNETIEAYIEYDITUIIU (mm)
ba Ao AnESIEUYes LW (mm)

3.4.6 m‘mﬂaaUﬂ’J’l&Ia’]mSﬂuﬂ’]iU%uﬁ’l (Free swell absorption)
AIMAFBUATSUINF VR IT UIUELNTaY TR S8 uauiauin 20 x 20
mm? §298198% 3 4 U UHURSHTALEAVLAN 20 X 20-Mm? 119A4ULATLNTINTDIVUR
4 x 4 cm? WmzunsansemsesinuigLTnLHal TR niouhnsadey 91ntNIREILN TS
nsosmdouusuidulaunansuuasiiigaduiluaaly vhnsdsdunuuasduiindmiingn q
1 $1lug quasu 6 Falue wavdadnaded 24 Falus Teedutndruiuslonssaneduinnouds

Yvin ntuhe bl unasesasnisuInin fernuinlaainaunisi 3.5

FSA (%) = (Mg — M;)/Mo x 100 (3.5)

< I Y 4 &
D M; AB UNMUNTBIYUNULUBFUTNN1INATD



33

Mo B UIAUNUDITUIIUABUNITNAGDS

3.4.7 NsnadauandIulaa (Gel fraction)
nsnedeudndiuiea v0suruilsudaunaanunsavinlalagnisindusurun
20 x 20 mm?2 Fehmdnneuvinismaaeukazthluurlutinnduazyinniswg 1y 24 Falug
mﬂﬁ’juﬁﬁmimaﬂLmLWLL&JU?\I&&J%LLma'ﬁmﬁaasﬁﬁaﬁﬂﬂawﬁqLLast’f’aﬁmﬂ'ﬂué’qmimaaq

Inedpgazn1sazateaunsaAulIlalngaunish 3.6

Water solubility (%) = W/Wq x-100 (3.6)

44' = s o ~ v oA &
LB W, A8 quUﬂﬂJaQ%U\ﬂULLﬁﬂL@Jaauq@ﬂ’ﬁm@aaq

W, A8 UIAINU09TUIULAIABUNSYIARDY

3.3.8 N1SNAdaUANSINISTUNLBIlaul (Water vapor transmission rate; WVTR)
NsNAAaUINIINIIg uNIuveslau naaeulaned§ Desiccant method
MUNINTFIN ASTM E96 1519708 193 hukiianas i aUananasuua g nussasanag

1

20 g lngdidun1naudnaeuasus urIneUseaIn 0.002 m* ki lundundianesid

a15828198U6U99 NaCl AIUANANIZANUYURIRNSUsENI 75% Naumngil 38 °C Feyn
£ aa Y < @ ¥ -dl' @ o ! - o
feBanann 9 24 1l Uuaan7 Su mMelasesds 4 ALiUs aun1si 3.7 Wanen1sAuI

ANDAINISTURIUVDI LB

WVTR = Am/At e A (3.7)

A v !

o WVIR fe dnsanasaiomleun (e m? day™)
Am fAedwinfAslaluwaagiu (g/day)
At fe anlun1svegeu (day)

A A9 NUNNUPAVBIVUNUN T UNITNAEBU (M?)

3.3.9 MMAFRUUTEANTNINNNTAUYDAIWVBITUIU (Antimicrobial testing)
N15MAABUUTEANSAINNITAUT 08T NVDITUNUIAETTN1IATIINTaEAENS

ANAIUBITIUIULYDRAUTN ( Percentage of reduction) ANUNINTFIU JIS Z 2801 ULUATILSE
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Staphylococcus aureus (WASNUIN) Wag Escherichia coli (Wnsuav) lalalaenisiiunuiay
Yaunaararglutindunaidadluneaauiult sl uAits 8v1980wn sy YINISUNLTD 24 971u9?

gl 37 °C AAU 90 %RH Faluannenuuaiisouadydulalas anturhnisesiain

9 U

[
[J A I

PMUTORUATIS LT YLAUTALEZATUINNIATTDEaYN1TARI UL TBLUATILSY

Reduction (%) = ((B-A) x 100)/B (3.8)
e A fia Log CFU per milliliter wuaiiSondsnisnageu (24 47139)
B fio Log CFU per milliliter wumiiSadeunisvaaeu (0 Hlu9)

3.3.10 Mivagauauliuniviaias (Cytotoxicity)

msnaaguAduifpladTesTLNUAINTAATERLA NN TTAT I8 MTT
fuwwad Keratinocytes (HaCaT) vaduwe Funiuaggnualuaisazaisindotmnosnoaing
ol 37°C Llunan 24 alin ntfusitegnaiiciudazgnnsetesniay thasasaefinsedld
w3 gt duenmsia saenasnisiis DMEM (Dulbecco’s Modified Easle Medium) ugatinly
wadlue 915999 DMEM iLAasae 10% FBS (Fetal Bovine Serum) wag Jissasluniangy
(96-well plate) UTums 100 pl aanduliUng HacaT cell culture 100 ul g afliwad HaCat
1x105 cell/ml iialugmsifoatis DMEM 419 vhnsimyidsneadiigaugd 37 °C Wunan
24 Flua 1 InATY 24 Flus nsivaisazane MTT USu19s-10 pl (nudud 5 me/ml)
dadnlulunguuazuiigamad 37 °C 804 93lus 1ntuasaendnalasusiu (Formazan
crystal) 7l Lind udsansagatgnai DMSO 100%: d1gazansy SDS 10% U3uIns 100 pl waz
ihansazatefihdiindu 100 plfsdnluluniaviasivel Tae1 Optical density (OD) fiAa7u

g717A8U 570 nm AuNAIA UL uRwRBwad LA NaNAST 3.9

Souazn1lTInTen = (A-B/A)x 100 (3.9)
de A A AINTAANAULAIYDIIANAIUAY
B Aa  AINNIRANAULANYBIGURIBENY
Tnerfevarnsiiiinsonaunsassuield fail (Zepon et al. 2019)
> 80 % ENRIGN Lifimnuluiivrowad
60-80% wned fanuduiivseimadiantoy
40-60% NUBA fmnuJuiivseimaduiunans

< 40% ERK fianuduiiusowadguus
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3.3.11 AATIZRRANIEDH

WATIERAMULUTUTIU (ANOVA) Tneld Tukey’s test LUSHULTIHUAULANAIS

193ANRAY (p < 0.05) FETUTUNIUALINMIERR IBM® SPSS® Statistics 28

3.3.12 N15UsLLAUlAENS IAASLUULUY Rubric score

¥
% v

Tunuddelfidelainisussdiuvlaensvirzwuniuy Rubric score 311508
! v a L3 aa ! < [ I a =
FWAUNMTUATIEINERA Inguusrziuueanilu 4 seau Ae 12 3 uag 4 laeh 1 nuneda
Azwuulesian uar 4vuneds Azuuulnyian lnensudsrasmsiinguuuluidasdisaunse
lAlagN15UNHAR 1T BIAIN TNAFBUTININTIdALAE YRE AN SARg T1UIUTEAUN T IR AZ WU

LARIRIANNIST 3.10 (SnsAS 2504)

R'= M-m/n (3.10)
Wa R = szeemwesasiudlunsasssau

M = ANN1SnageUNIAILINTIGR

m = ANNISUREBUNLAUBETER

q

N = UIUY VBT AUAL LU

G R AN G N P AR

ANvuA AInasvaaaUTNNTign (M) Wiy 5
Ansvaasuitiosiige (m) Wiy 1
FIUIUTNVDITEAUALLUU (n) 17 4
annsoruanl g
R=5-1/4
=1
o szpzvivasasuuluisarsysu (R) Sawwindu 1 91ntuthen R 1uan
i

[

fudn m azldsnzuuulusedud 1 (L) uandldds
L,=R+m (3.11)
=1+1=2
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[
Y 1 1

9 YrepruunlusEaun 1 9glif15ening 1-2 Na1AL ANITNAFRUTBY
eI 1-2 eglARgluuWINU 1 wardienziuuluseaudl 2 3 way 4 (L, Ls uag Ly) 9
a11150A1WIlAIN N5UIAT Ly Ls 4ag Ly Uanfiuel R waga1unsnazulannisnad

3.5

A15197 3.6 FDE19NNSINNUAAINAADU

ANNINAEBY AZLUY
1-2 1
2-3 2
3-4 3
4-5 4
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UNN 4

NANTIINAABILAZDAUIIYNANITNAADY

'
v A

MuATsdlavinsiuUsEANS ek uNduUannaannud s udUsndanuiunig
AALUTAIEAINUS DUT UNAULL BANIEN FTAT UG BUVINNILALAUNTATAT L NWAL LAY
AEsatUNIIAWTeRauSErIansalnaladn Tunismeassuseanidu 4 aeu laun noud
1 AnwinaziUIuuwis unNaueailantusa nA Usuaasie 9 aeaudfvesuduildudaunaann
LUIAALUTAEANUSOUTU MBUT 2 ANWILAZLUSEUMBUNATBINSLTaULEIR8NTATATRNT

Y ' Ao wa a6 A LY 9 v & P Y}
ALTNTUAN o) NAADANTATDINALTALNAINLTIRAALYIAI8AIINTOUT ULBZILDALLSEAN
noudl 3 AnwikaziguiisunavasEsAUagaunsgIINNIAtnaladnfANTUTUANS 9 fE

wa ad a Y o Y & a v all Al ~
auUAUDINaNUALNAINBTIAALUSAILAITNS DUTULALLL DNBUIANTANIUNIS LT DUV INN LAY

d' = a = wa 1 a) 6 A d' 1 U [
WaTRAUN 4 AnwinaziuSauiiguanTRvaswtuNaNTAkKanLder iun1sankUshas talpu
N3ALUIA8ANUSIUTU F9lPs18NUNALAE D A UIIUNANITNAABIIINAITNAFDU AIN LASIASI
wagnyilsiduniaund anudundn dugiuive authinaenudeu dadmaa Sasn1sdunu

yodlou Anuaursalunsuil auiRlieng n1saueaunse wasauduiivaewsad

M13199 4.1 8n¥ILaanIeng 9 YeslauUauxa

AU YoA29819 ANNNIY

o Ao

1 HMT-0BSM AT G I ORI G RN A G R A IR

AANUTOUTU 100 Y%bw/wW

2 HMT-10BSM LN UNALURLKaNBUeT U Uz na s fnLUsAne

(4
aa ¥ A =~

AN5euTY nauilonuinuusdn 10 %ow/wW

3 HMT-20BSM bR U uUAkKaaNwUaiud Uz na s fnwUsane

FFAMUSOUTU NAUIDNLIIALLNEN 20 %w/w

a HMT-30BSM wuAduUaLKaa N ud Uz ndianulsaae

FFANUSOUTU NALEIDNIIALLNEN 30 %w/w

5 HMT-40BSM wuAduUakkaa N ud Uz ndifnnUsane

FANMUTOUTU NAUEIDNLIIALLNAN 40 %w/w
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M19197 4.1 Snwsgeanseing 9 vasilduUauna (se)

A0V

YoN29819

AIURUY

6

HMT-50BSM

wruRaNUawNa Nl ud U naaNaaklsae3s

ANUSOUTU NANLBNIALLNAN 50 %w/w

OHMT-BSM

LA UNALTALHNAINEDNLUSEN 100 %bw/wW

HMT-30BSM-0.255A

wHuAaNUakNa N sdud UL naIN e akl 5835
ANTOUT U NANLT DN ALLIEN 30 %w/w LAY

Waulean8nNIATATRNAMUILTU 0.50 %bw/wW

HMT-30BSM-0.50SA

a

LNUAR LUK N T LA UL A A awU5A87T
AMUSAUT U NANLToNLT ALLIEN 30 %w/w LAY

WpuleaNIENIATATRANANUTLUYU 0.50 %bw/wW

10

HMT-30BSIM-1.00SA

a

wH U duTnbra Nk uaAN Usna sl anwlsnieds
ANUTRUT U NawlantTaluIdn 30%w/w hay

WRULe9N8NIATABRNANINTU 1.00 %w/wW

11

HMT-30BSM-0.50SA-15GA

sruNandawnavandadudilgnaananklsnieis
ANUSAUTY Nanlanlialiesan 30 %w/w Wauled
AABNIATATLNAIVLYW 0.50 Y%w/W LaLtiunsa

Inalednanududu 15 %w/w

12

HMT-30BSM-0.505A-20GA

LU LT akNa Nk sTUA UL BRI A awU5A83T
AT DUT U NALLT BN AWIIAN 30 %w/w LAy
WWoulganunNsATaSinANNIUTY 0.50 %w/V kAL

WWuNIAlNAlAANAMULILTY 20 %w/w

13

HMT-30BSM-0.50SA-25GA

b U aNUaLNa N ud UL na N s Akl 5A835
ANSOUT U NANLT DN ALLIAN 30 %w/w LAY
L ULEIAIENTATATRNAIIULIUTY 0.50 %w/V hay

WUNSALNALAANANULTNTY 25 %w/wW

14

NST-30BSM

wruaLUawkanwdstud Uz naanluEun1sen

wUskasLiloninuaedn 30 %ow/wW
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M13199 4.1 BNYILaanseENg 9 vesilauUauna (se)

AU | YaR29819 AINNUNY

15 | NST-30BSM-0.50SA wrUNaLUawHa nwdstud s raanlun1un1san
wUsHALEDNEIALLGEN 30 %w/w wasiaauledsie

NAYATTLNANLINTY 0.50 %w/w

16 | NST-30BSM-0.50SA-15GA | weiufldutawaaainidasiugiuzuaeanlidsnunissn
wUsHALEaNIIALIIEn 30%w/w Waulaamensadn
FUNAUDUTU 0.50 %w/w hastiunsalnalaan

ALY 15 %W/ W

3 = 1 a6 o aj U o v Ql' o 2 aa

FUABULIANTASUURNUAALT A LA I AU U UL naaN I unIsA AwUSA 2835 ANU
P & ~ Y] Yy IR A Ay o aa A P ' 'z
SRUTULLAZLUBALUIAN IINUUNINTLYDUVININULANAIY ﬂsm%ﬂszjmwﬂsgﬂaulﬂmwgﬁqmm

ASUBNTAIUIY 2 viihasiiaiAdaNnTaluM I U RaunIdaInnIalnaladin dunsisend

AININARYUSENIRIRUTENaUNATiTasETuAREY IR saLERa AR IUN 4.1

Acid-hydrolysis

BSM (Chain seission)
OH_OH O OH OH OH OH OH l OH OH OH OH

WO“\ {0\ { j/ {0** y Ho— 4/0\ j/

- H-Bond

H- I%nn(i - H bA_' ’ o Estu bonds 0 Cl— GA

f {; ) /_ \of \o} \o/; s

OH OH OH OH OH OH OH OH OH OH OH OH I
HMT

° o a

UM 4.1 Supsisernmedrasiindulumaeieuwsiuidudaunaanulaluduena
NUNNSARN LU SAIEIAIIUS DUTUNEUA UL D NLUSEN NN IUNTDUVI NN LALIAIUNTATAT RN LAY

Idansinuregdunidgainnsalnalagan
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'
v a1 [

TR8NISNANNUTE I LA UL MAINHIUNTAALUTAIEAINUS DUTUN UL B NS NATA
Jeviliiauselalasiauseninmyilsidulansenda (-OH) veawisaedasnusenay dmu
a oy U aa o Y] ' & @ ¢ a a | | 1Y)
N3 anvIemnainleniadaddniiuseneunlgvy anduaisvendanainitasdwala
a aaa aa, [ [y 1 6 a :j U o [ = [ a I
Anufiseneamesin-duiungilndulansendavemisduiudmusnduazilonwuadniindu
Wuszieawmesld nsldansiudedunigmensalnaladnenavininiiussioamesiguiedny
\esannsalnaladnuseneusiienyilanduaisuendanaiuisainufiseneamesindui uny
Handulensendaveasndsuduznaanazifionuueants vanandinistensadaddnwaznsabng

%

lpdnanavinlianglgvaaneduganislsngniniiiuseinaladfinanufisenlelaslaga

4.1 wavaudanuusaniidsunang q reduvfveslavdaunaanutlsfanusaaeisnasly

ANUSIUTY

v

HANIVAADUTRIELTRAN o VosiauTalnanLUIfalUTAeA NSO UT UNTdI1uNa
YaulpnkuadnNwanseny tngluanwdtetiin1snallenbuda nhukdsiud1 s naana1unis
AALUSAIEAIUTOUNA 5 USUIW A 10 20 30 40 waz 50 %w/w bagldd adia81997 HMT-

10BSM HMT-20BSM HMT-30BSM HMT-40BSM thag HMT-50BSM faa a6 u mﬂuguvﬁmi

1%
$24 A

Wiguwsunulaudawua HMT-0BSM (hdanandsna8a21u5audy 100 %w/w) wag OHMT-

[

100BSM (1ianuuadn 100 %w/w) tnganunsawuInnuaudf asadl
4.1.1 Han1InTenilassEs N dusemaiia ATR

U o dy | (2 v ¥ aa ¥ dy
1a931n911n1350 w3 Ui ullduTaunaannudennuusnieIganusaut unay
WoNLANTIUSUIUAN 9 BnTZUIUNTED 9NTUYINNITILAT IZNTiUasuLUaslATIasa

maaiimemaila ATR Tudaarueiaiuis 700.--4000 cm™ Han1sNAGBULAAIAIFUN 4.2

NFUN 4.2 arnsadanaladndursiseadnniuveswruilauUawnayniiegng
UsIngah N7 s e 3200 - 3400 cm™ § e un1sd uveswuse OH stretching voany

lansonTalulaseasravandanaziiloniuadn ANFILALIA 2926 cm ! wanIn1sauYaIiUsy C-H

1% ]
v

stretching fnEWUaf 1646 e 1150 e waz 1005-1035 e wansdaindigndals (bound

Y

water) 158 UVDINUSE C-C / C-O stretching Lagn15d U8R UsE C-O-H bending aua19U
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(Lomeli-Ramirez et al. 2014) dsarnnsiiuinuusanaslutauiduUauNanuIBUNTILIA-
awlnnsuusingiiniendnwalveansaglsiaiidussdusznoumaaivendoniusdniisumis
1414 cmtuag 1596 cm? 9 10 un15d wvee C-00 symmetric e ¥ asymmetric stretching

A1Ua1AU (Naji-Tabasi et al. 2016; Hasan et al. 2023) Iﬂﬂﬁ]%ﬂi’]ﬂg%@Lf\]uﬁU%N’]mLﬁaﬂLLmﬁﬂ

' (%
a =

Faust 20 %w/w 1 uduly wazdinnuduvesfiniiutunuusinaweweuiienuusdndifindy
Fawandifuindlonuusdndnlulunislussdusene e unuildulaune uonainturduildy
Upusaiifidrunanvesilonuusdninisdurasiusy O-H stretching fiiunmisavaiuiigaiudle
Wisuifleuiuwsuildudnuna HMT-0BSM duinainnssadesalmivesiuselalasiauszning
uwlaaziiionuuedn (Kondo et-al-1994; Fukuya et al- 2017) LLawﬁﬂgsﬁmauﬁLﬁaml,mé’ﬂ
Usanassiaust 20 %w/w Huduly Gdenndesfunuideves Fukaya et al ivhnsAnunaves

nsiiuduloulumaglagaslunedionsiueenles wuitdomuduloulugaglagasly

¥ |
= = a

a Pl v A ° ' ) ) A a1 A aa
wodlesdwalmavaiulusunianisduvasiusy OH-stretching flAgTu Fauina1nnsnd
nsasiviuselalasiausenirmyilandulansendaveaduleuiluiaglaauaznadionsiusen

o9 (Fukuya et al. 2017)



a2

HMT-10BSM

_HMT-20BSM

HMT-30BSM

HMT-40BSM

! HMT-40BSM
1

3298
: OHMT-100BSM

Transmittance (%)

3313

T

| | I

I 1
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

JUT 4.2 BurssnadnniuvesuruilanUaunaanideiaudsiiganuioutuuasiionuuedn

USUusina 9)
4.1.2 HaN15AIITRUSUIUNENA8NALA XRD

TIAIIElAssaTRanLaz S ananve KU audaunaanulsaulsaae
ANNTOUY U NENLTONLUIANTIUTUIAEY o) AB-0 10 20 30 40 waz 50 %w/w laaldia3ag
X-ray diffractometer lagl8m51L57 1°/ W19 1A% 20 = 5 -50° Faldiun lansinlugag

26 = 10 -30° lunrsewammanudundn lananisnaassdansuguin 4.3
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HMT-0BSM
HMT-10BSM

HMT-20BSM

HMT-30BSM
HMT-40BSM

—

Intensity (a.u.)

OHMT-100BSM

sl

| L 1 ! I . | !
10 20 30 40 50
2Theta (degree)

JUT 4.3 Aviulsninunsuvesuruildudaunaannideiinuusiiennusaututasidonuiadn

USHIaUAN )

INMINARBUAENATA XRD @1115auansawinsnlnunsuaeguin 4.3 lag

W UARUUALNA HMT-0BSM Wansiindl 208 ol uiud 17.2° way 22.4° Fedannaaanulassasiy

= 1

nAnVadInida B (Pan et al 2018) waria1aa il unani 24.41 % Ll olNuduNaLYalan
WINANA 1020 30 40 1Ay 50 %w/w LasdienuainuaaninsnInwn sy biasunuas

wazAA T uREnTIA L TuT 26.87 28.21 30,74 36.59 Az 38.31 % mudneu lagA1Aly

h W % '
fX A a == ! ISP )

Lﬂuwaﬂw N ‘U‘L!?‘YWYJ']Lﬁ@f\]'mﬁLﬁ@\‘iLLZJ\‘iéjﬂuﬁﬁﬂ’NﬂJLﬂu&lgﬂ‘ﬂﬁ\‘l (43.97 %) nauds uananilnin

Y

! ¥ '
= = A

d' ° | - 1% = a ~ U a £ &
N 20 4 MLUAUN 22.4 llﬂ'l']llLTN%@QWﬂW%Q%ULN@U?NWmT@QLiJ'E]ﬂLLlI\TaﬂLWlIGUu IWEJL‘IJ‘L!NalI']

nendnyalvenilonwieanuandlugun 4.3 (Thessrimuang and Prachayawarakom 2019b;

Nazir and Wani 2022)
4.1.3 Nan15ATISREGIUINERIBIALiA SEM

N5BATIERdUgIWINEve R UTELTAWNG HMT-BSM sewalin SEM Taenisin
Fusuneldlulasiauvaiiielilanuiiveaniadnuing waziiluindousigounianariney

IMINTITNATIERFILIGIvETY 4500 Wh lnsuanmansliasgiiareiuselansgui 4.4
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MnnmEenadnsuiduDaumanuaiauU s IEmsldaudouty
Adlonussdniiuianasing é’fﬂgﬂﬁ 4.4 mmsaLLamﬂﬁLﬁu'j’]%umuiugUﬁ 4.4 (n) HMT-0BSM
Aliddunanvoudenuusdnddnuuzdud ofsadunazdauvsuseiindos
wsiidlafimanaaniionuusdnluy3ana 10 20 30 40 ua 50 %w/w wWuHUATETUILAIATY
Juilofertuudiimugussiiviuessinaunudisu sudinedaunsessuiidudaumg
OHMT-100BSM T Anuasvsveg 1 uladn uwandliiiudinainnisduneuaa
(Gel coagulation) e?fﬂmmﬁmmﬂwﬁmﬁqﬂ (Akbari and Ghoreishi 2017) Lﬁaqmﬂﬁmﬁﬂiumqaﬁ
gevouilanuusdn (Nazir and Wani 2022) sufeainanasanUassluilenuusdn diana

TduLAgNIra At anud NN Aad uludunaunisiasoudionuusdnlasn1stud senNaziian

JadanalANuRIvUITNAY



(n) HMT-0BSM (v) HMT-10BSM

(9) HMT-30BSM

P | 7.50kv | 6.6 mm

| () HMT-50BSM

(%) OHMT-100BSM

U 4.4 amdeniedinesvestunuiidufounannutsinulsieBmsldauoutuid
dlonuuadnfiusunasing 4 (n) HMT-0BSM (1) HMT-10BSM (m) HMT-20BSM (1) HMT-30BSM
(2) HMT-40BSM (R) HMT-50BSM uag (%) OHMT-100BSM

a5



a6

4.1.4 HANISVAFRULENYIAINNIIANUS DU

MsfnwEdssnmeANLSeuve UL dauNaanutlatud Uz ndsiitunsauds
fornufoutunasiiionuusdndomein TGA LﬁaﬁﬂmfmLﬂﬁammawaqqmmﬁmiamaéh
v8999AUsENaUNEluLA U auTauKa HMT HMT-BSM wag BSM lagn15aangsnieainusau
vosossUsznoumeluniufidudauna uandld 3 u wansdazuil 4.5-4.6) 1dud duil 1 929
qquﬁﬁ 50-100 °C @® ﬂ’]iisLMU?JENI&JLﬁQﬁ‘IE’] Fuit 2 %aaqmuqﬁﬁﬂszmm 230 °C @B A3
aaeian19a11us ouvand onunedn uayt ufi-3 9299 unn TR 255340 °C Ao

n1saatefnIeAINTauvesasusynauugannstsdatelanan s nglanuuuuu louay

wazanslulansnuindu %) (Hosseini and Nabid 2020; Amaraweera et al. 2021)

PNNANITNAADULEDETATINIANUSDUYBINUHANT AN HMT WUIdAINIsaanesa
yandou 2 Tuney fe nssmmereduanatimelulasaihed 84.00 °C uay n1AAEH
mernSeuveanilaTumUsnasi 318.83 °C Tnamevasn siiudionuusdnasluluusuiidadn
WHaT A2 1L U Y 10 20 30 40 LA 50 Y%wiw NUTINASLA T onuua nasly
uiuTnusaamaliusing finnisaaiesmieasseuldiinty 1 1u fis dumisaatsamsay
Souvpulanuudnluyeumngiuseaan 219-240 °C (wanesan13neit 4.2) dleRarsanluiud 3

YBINITAANYAINNIAINUS U (WTIHAZLTDNLUIAN) WUTLH DAL DALUIA N LUUS U

o ' '
v = a1 A

10-30 %w/w g v AN1saa1edivun 3 UarnanaudalTeuisuiuwiuilaulauna HMT
Fan15aRa U IN13aa18A MeANNToulutun 3 AT AN AN BNLLAEN

\esanAnsaaeiinaANiseutun 3 veaiienuiadn (OHMT-100BSM) flfneg#l 306.67 °C

agalsimmdofuusunandonuusdndl 40 waz 50 %wAv WUIINITEAIBABFINS
audeutui 3 faintuiesouisuRuunuisuTauna HMT Ssonainannisidudien
pusdnluvSinafiund wilfi A awusylelasouif udy 3edamalfiAnnisdasosvotans
Tdnodwesuasiinmsdnsosiivemanldundu (Zhang et al. 2007) Fsdenndosiunanis
Jinsgaimgfladdunaadfiduniwemyilsidulansendaiadouiiann 3290 cm (wHuildy
HMT) sy 3298 uay 3306 crn™! dmSuLALTEL HMT-40BSM waz HMT-50BSM maidnsiu

WAZABAAADINUNANITIATIEMANUTUNEN T U FURAIUNE NV IR UT AL T AL NATAIRLTUIN
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24.61% (uriufldn HMT) getuilu 36,59 uag 38.31% dm¥unsiufids HMT-G0BSM wag HMT-

50BSM Fsdsralvigaumgilunisaanafiiuauy

o a o Al s A Y] Y aa 19 vy A da
M1919N 4.2 QmﬂﬁﬂﬂqﬁaaqﬂmjsﬂaﬂLLNUWﬁN‘UﬂLLNa"UWﬂLlﬁj\ﬁ@l@LL‘lJﬁW'JU?ﬁﬂqiisljﬂj']ﬂiau%uwm

WonkiNanNUIUIaN 9

gamniimsaateda (°C)
uriuNauUauna Ful 1 Fuit 2 Fuit 3
() (HonLiNgn) wis+iflontusan)

HMT 84.00 - 318.83
HMT-10BSM 85.33 219.00 300.83
HMT-20BSM 86.67 237.50 301.83
HMT-30BSM 82.50 233.20 313.67
HMT-40BSM 87.00 240.33 325.17
HMT-50BSM 85.83 235.33 322.83
OHMT-100BSM 82.17 2 306.67
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——HMT

—— HMT-10BSM
1IMT-20BSM
HMT-30BSM
—— HMT-40BSM
—— HMT-50BSM
—— 0HMT-100BSM

JUN 4.5 TGA wesluunsuveswluiaudaunanuldaudsmeianisldainueutumi

WA NTIUTUURI 9

T | T
100 200

1 & | 1 1 .
300 400 500 600

Temperature (°C)

PP

0.002

Deravative weight (%/min)

—— HMT

—— HMT-10BSM
HMT-20BSM
HIMT-30BSM

—— HMT-40BSM

——— HMT-50BSM

—— OIIMT-100BSM

U

T T T
100 200

T v T y T J
300 400 500 600

Temperature (°C)

& a

35U 4.6 DTG masluunsuvasusuilauy

U dl 2 1
LINANYYUINEUNNY i

ALHANLTIRALUTAILITNSITANUSDUTUNTL

=

9N

P

9N

a8
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4.1.5 HANISNAFBUADAUUAAUBDUUN: HAFIULIA DATINTISTURIUVBILaUN LAy

ANSUINAT

Y 1

audAneriuvesruildulaunaiinaniagmisdinndanudifyagiewin

o

u =

Tnawiuildulaunanfinasinisuinds n1sgaduvesnana lnelidnisazatvvuenisldau

570U89A25TNSTUNIUVBILBUIN ARG 1AM 4.3 WAAINATDINISNAADUAIAAAIUVD

I A s A A = ~ | A & = v a
Lﬁ]aGU@QLLNuwaM‘U@LLNaWLLaWQQQWQWNﬂQWULN@@@iuaﬂq?gmmﬂ?qmmu%QVﬁaaﬂ’]rJgimﬂquf\ﬁﬂ

=

INNITNAABUNUI LR U AT ALa HMT-0BSM LA dnduLaanunniadn wlawSeuiieunu

q

'
v ada 1 o

WU AL ALNAN T AIUNALY DI DNLLLNE NN AIENAIULI AN L8N MAZ I ANANAINNUSUIUD
Wonwueaniudy Jainanauveviivatdeniusdnilbilutanavesiiunsndndily
lassafaunuidudnunalidedu Jdmalilassarasruildudnunagniiiaty Jeaennaed
Y] H I oA e P < = aa a X

AuraAureUlNvesLNuRa N saniiananmaa Plantago psyllium Afinasazatgiiuau

= @

LﬁaamﬂﬂmmauﬁﬂmaﬁﬁmwﬁﬁumLaJammam Plantago psyllium (Krystyjan et al. 2017)
ogdlsfiniausiununa OHMT-100BSM Ainaiaveionuusdniiissegnafendadadumai
2931 HMT-50BSM 2 nnantsvipaausanaimadnisanlitanagesilslaansounsnidlly
Tassasalsvianan Wosmnanudundniigeendonuusdnluisuiiduauna 0HMT-100BSM

Feaeandotiunanslinseinnuitundnigaveadenuusan

INATNSNIT 4.3 WARSHANISNAADUTASTINSTUNIUYDILDUIVD ILNUTALHANN
LTI ALUSAAINUS DUY WA AN DNINAN T UUS T RANF1IN Y ANNRANISNAABUNUIN
| A s a N s~ o 6 [ a P P ) A s A
LN UNAUUALLNG HMT-0BSM M@G]G]’i’m’]'i%umuiau’mm’m?jﬂLiJE]LUiS‘ULVIEJ‘Uﬂ“ULLNuWaﬂJU@LLNa
ANLTIAALUTAISAINUSDUT ULALLTDNLUAN TASLNUNALLKNAL DRNIINTTUNIUVD LU
a £ A a & P ) N w1 B a A v A a X
VLU UL D1 D9 UTENBUUD I DNIUIA NLALT AL 1T UAINUS U VDI DNLUIA NI A LY U
AINNANITNAFDUANNITNDS UIBLAIINITERN LT UTDITNTINTT UL UV Lo UINEIINATHAL
denuusdnidunaniananuvevinlagsssuvRAveailoniudndsdanalylatnaiunsaaiunse
Furuledretu weeg1elsfmudiaSouiouliuidutaina OHMT-100BSM Ao NLL9an
[~ I3 = 1 = a o = ] g d' <') 1 1 a6 Aa (v
Wussausenauiieaadnamen 19n51n1153uN1ua9latinfin Nk ulauUawnaankdannkus
F1835N15 1AL DUTUNTNELLIDNLIIEN F991ARN1591NT OHMT-100BSM Taanusdunan

geanniuruiidulaunadang s Jsdmaliluanavesinafouiiuukuiidudaunalaginay

FI@0AARBINUINUITEUBY Savandeker and Mhaske ¥iNN15&LASIEkALANYIDNTNAVDLEULY
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wluwaglagdeaudfvesunuiauuds Inenuindlesunmadulouluwaglaansyanesiiegly
s auuds Feanansaimindauianisduriuvesled Jedwmalidnsinisduruvesleun
anas (Savadekar and Mhaske 2012) sganndosiunanisinsizianudundnuasnanis

NAFDUANFILLIAVDILHUNAUTALNA BSM

NANISNAFDUNISUINUIVDILE U LT AnNanLd 9w aLUsA2835 15 lgANuSau

dﬂlj [ IS v a |a ! ! Ioapd A o 1 ISP 901 a dy '
FUNAUNULUDNLUIANANUINUAS 9 WU’JWLLNUW@&I‘U@LLNEW!ﬂGI’J@EJ’NJJ@’]ﬂ’]iU'J?JU']LWM“UUEJ‘EJ'N
¥ A PN

< Y a1 A = = v Y [ a
5957311 1 LIS NULATHANNL TN DI NANIUIUNTEIIATU 24 Tl (LARIAIRITNN 4.4)

' '
1 1 a

nnan1suInkaaslmiuiuiuiauUawna HMT-0BSM SAnisuininfianiign lnen1enas

& A

ASNANL D NLUANTULHURANTARNE WU BNNFANAIANNITNAZBULALINUAINITUILA]

¥
o v = =

ANTueg 9ty dAuaziinmguauusuaionuuedn AL InsunuiauUauna OHMT-

Y

d a

100BSM firn 1suindaiigefian 4adunanreinesdvsynevvonglannuuuy loway
waznanglsinludloniasdniifianmusui (Hossein and Nabid 2020) lviusiuidsUnunad
anugouiinTundinnnauiudenuusdniosnionuusdnanusaindunsisefule
Fadenadasiunanisiiasizilassa o iliddunardugiuivenivangendnvaiveaiion

WINAN LUTATIAS 1Y DN U A LT ALEE

A9 4.3 AAREIULIRAT 24 TAlNHATORIINISTURIUTRIbaUNILIAT 7 TuvaduiuiduTawNa

PnuiRALYIAIEANSDUTLLAZIHBNLIIANUINIUENS 9

wHUNEUALkHE fndauiaa (%) n153urinuvedletn (g m2day™)
HMT-0BSM 56.99 + 3.20° 556,63 + 7.58°
HMT-10BSM 43,02 + 4.92° 596.68 + 1.57°
HMT-20BSM 30.18 + 4.08¢ 602.68 + 2.87°
HMT-30BSM 18.38 + 1.92¢ 619.75 + 7.60°
HMT-40BSM 14.37 + 3 .65% 625.78 + 0.97°
HMT-50BSM 7.44 + 3.00° 639.58 + 1.43¢

OHMT-100BSM 14.66 + 1.82% 599.33 + 3.75P




A1999. 4.4 ANISUINUT 1 - 6 Talus wag 24 FalisesiuiauUaluaanileinulsmeausoutiulaziionuusdnAiusunaeng o
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$ (%)

AINISUINU

287 (F1U4)

A INATS)
1 2 3 4 5 6 24

HMT-0BSM 169.68+10.40* | 184.30+12.85% | 214.91+11.27% | 195.62+11.78% | 249.61+21.43°* | 229.35+18.34° 223.83+5.89°
HMT-10BSM | 333.27+12.34° | 373.24+15.76" | 392.33+13.45° | 398.82+14.62° | 410.86+18.76° | 413.1+20.78° | 418.72+18.34°
HMT-20 BSM | 373.91+14.23° | 417.61+12.45° | 442.89+12.78° | 465.99+12.45° |.484.03+20.12 | 494.10+16.89° | 488.09+20.12°
HMT-30BSM | 513.44+1.79° | 589.28+16.72° | 599.54+15.62° | 595.13+13.45° | 587.65+16.89° | 585.80+22.15° | 569.99+0.43°
HMT-40BSM | 796.68+13.45% | 932.61+14.28° | 974.62+18.34% | 1106.73+15.76° | 1187.54+23.56° | 1254.67+24.22% | 1570.67+22.15°
HMT-50BSM | 946.13+14.78% | 1183.02+17.93°% | 1245.27+16.89° | 1298.10+16.34° | 1361.02+24.67% | 1483.09+17.45¢ | 1702.23+21.98°
OHMT-100BSM | 2138.66+80.37" | 3025.72+95.87" | 3646.09+142.56 | 4125.14+115.78" | 4522.14+86.43° | 4716.13+123.67" | 6086.72+156.22¢
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4.1.6 HANISNAFDUANUALYING

AT ITANU AT anava il uRd LTkt 91T A us LT usg 198wl ain

AUURLTINAAITMLNZAUAUNTIIIIUUSIUUIALNEA 91NANSNENUATINGT 4.5 Yaakruianln

i ]
=) aa A
b

waNLUIA ALl IA8ANNToUT UN T oNLIIa NN UTUIae 19 9 Ui uiaudauna

HMT-0BSM §1A1A3LAY & 3AUIALANandafia1fign uidan1s8nd o 9av1n g

9 9 Y 9

[
o

waRI AU LN UA S U Alaa HMT-0BSM ﬁmmmmmiumaﬁmﬁqal,wiﬁmmLL%ﬂLmﬁm

Tumansafudaunufidudauna OMHT-100BSM dA1ALLAY & QAvTALazIEndaTigiian
LATAN1SEAAT 0 9AIRNATian wanliiud LA TuNaRINa1TANUT IS UM S
AnuansalunIsesa Tnsranisnagevasnndesiuatadundnainmaila XRD loy

welududausa HMT-0BSM Sanmnudundndisnd an (24.41%) Way OHMT-100BSM JAAY

Dundniia ﬂﬂ gqn (43.97%)

WaRasaINamsnadaualufmanavaakEuRdulawnaanwUa U1 s nasn[iu

N13AALUIAIEANUTOUTUT HALTBNLLIANLUUTUIUAT 9 WUIHANAIULAY 0 AV IALAE

wendaMNNY gt dAYMUUS U IMBNRINANTAWNTY TuvgAINSEAFT 8 3AVIAaR

9

Y

sy ndldvaAyud s nAmionuusdanualidanuwanasegeldydA Yy nmUI LU LT
wana AL W oL Ned nEINN TR NAMNL TSI NULHUA Au T AlKa HMT-0BSM 1o waily

YULLASIAUAIUAIUITAMUINITE AFIaN AU TIF0AARDINUATAMUTUNE NTALTUNA AL

WonuusanadulnuianUauna 1nnan1sNade uves9Iuidulaonna st UNSN1SNAZOUTDY

) ) | T
a a2

| ae a Aa < | o = Y] a .
wHuRmaRuNiArALLdssarAtAudunan i Turd W luaglaa (Chaichi
et al. 2017) Famsoesvihaeuiusidutwdunennenaudusuasdarud
HANTIE9VRLIBNIINE N WBNIINLKNANINAABUALTALTINASId0AAR 0N UNANITILATIEN
lassasmyilandumanindsngendneaizesnsaglsinndussdusznevvedienuwusanly
WHUTALTALNG LaZNISLTUTOIFLRULAYARUVDY O-H stretching Usuanininisiinniuse
lelasiau waznaduguineilagnanisinsizvivesnailn SEM aunsaseyladnusuildudnuxg
P g & o 1% I A s a = ' va o
fienuusaniduilowilulassaiiveawiuidulaunadsdanadoau Uilgananiusigauna

A1INANEDU
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S wa a A A o Y ac v vy & da o«
MN1919M 4.5 aﬁJ‘UmlﬂNﬂaGUENLLNuwaNUWLLNﬁﬂ']ﬂLLﬂ\WW]LL‘Uiﬂ'ﬂEJ’Jﬁﬂ']{LGUﬂ'J']Ns'@uSUUV]NLﬂJaﬂ

WUSENTIUTUIUFNG 9|

uRUAANUALKE AUAY fU 9AV1A (MPa) | waqdd (MPa) | n1sdada o 3av1A (%)

HMT-0BSM 1.52 + 0.14° 5.49 + 1.10° 187 + 6°

HMT-10BSM 3.70 + 0.76° 34.55 + 3.04° 14.09 + 2.56°
HMT-20BSM 6.02 + 1.17% 46.44 + 7.17° 14.60 + 2.50°
HMT-30BSM 9.31 + 1.50* 70.61 + 6.94° 12.17 + 1.24°
HMT-40BSM 11.68 + 2.09¢ 76.01 + 6.16° 12.20 + 1.55°
HMT-50BSM 13.22 + 3.06° 83.52 * 13.73° 12.18 + 1.71°
OHMT-100BSM 23,59 + 4.45° 607.73 + 99.04¢ 3.84 + 1.21°

MnNsAnvnaresUi e ndanuuadnreauTRvosunuildudauna WeRiarsan
nansnaaoulunoud 4.1 Tavinnsuszliulusdazansinenislviazuus (Rubric score) a1
AAarwIn @ TNfuRinsaRanadlagldandetuuuasgu WU ALK HMT-30BSM
fnmivihzavias lUAdaas i oifinanuamusienislyuvesuruaunall ooy

aniznllnugugmTeangldnuse

4.2 NAYBINSWBNVININMIARABNIATATTINNANNLTUAIS 9 fodulAvasiauTauNaan

LannUSA2835N15 TR D UTULAZ LT BNKUSAN

¢ A

Nan1IAdeUTRENURRNS | vesilaudaunaTnuilafnulsieauSeutuiitd e
goudlonuusdnuazidonveiensadadiniinnudusiie 4 lunudseuildifmegns HMT-
30BSM Uaunaainutlsfauusdiedsnsldanuioudu uvhnisususand@lasnisndey
aalighensadedin Usunas 1 ml i 3 anududu fie 0.25 (0.0125 ¢) 0.50 (0.025 ¢) wax
1.00 (0.05 ¢) %w/w Laeldd ofa0819 HMT-30BSM-0.25SA HMT-30BSM-0.505A waz HMT-

30BSM-1.005A FsilUSanauvaensadaddnluusiazgnsil 0.0125 0.0250 wag 0.0500 g MUY
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= o

INUUYNSIUSsURsUAUTR LT AwNE HMT-30BSM 7 ki 1un1sliauu1amiaail Taganunse

[

wUanauURlassil
4.2.1 wan1Inszilaseaienyileidudtemaiia ATR

Tngilunsidunsadaddnii el envnamaaiiiawussoaimesainufasen
oamasliatuseninmy Wandulensndavesmsiulamsnuasny faddua1suendaves
nsndadin Tnsuansfindsumiaavadulszain 1735 cm® 910307 4.7 uansdunsisa-
anniuvesukuiidudausainudstauusieismsldaaseuduiinaudonuusdnuazion
119ensadaginAnaududn 0.25 %w/w 0.50 %w/w Lag 1:00 %w/w WUTUHUDATHY
nadenvemaadliusngiinfisanmis 1735 cm? flustinendnunivesiusvieamosiian
nnmsdieswnwnaad SsenaaiinanUiinaeansadaddniliviinadiiuluiiazasiany
Ifanmeaila ATR a9bsAn g uY89WUsSy OH stretching Woe HMT-30BSM-0.255A HMT-
30BSM-0.505A Waig HMT-30BSM-0.505A fimsindeuitlugaauniu 3298 cm ™ 3301 cm! uag
3305 em'! figsniudlewlSeuiiaudy HMT-30BSM (3291 cm ) Gaanslifiuindinasdnisoad

Fuanlnsvesiuszlalasiaululaseadng

HMT-30BSM
1
W\ = ' HMT-30BSM-0.25SA. 11
S ! (00 s WS 7P, QX I
o o~ GA N\ /
~ | e 1y I al
DA\ 3201 Y, Y} HMT-30BSM-0.50SA '+
é; . )} —— ": : "
\ r 1o (1 i Y AN
= 3298 ! HMT=30BSM-1.008A 't .7 7 i\
~— a o NG ! e Rt Y, i n
=1 g O 1 - \|,,~ | ”
EE \\\\ | : AP ﬂ
= 3301 P> = 16440” y
= =~ 2026 ' !
= | 1596 1414 :|
|
o 3305 o
¥
i

10351005

g | : | ' T ' T ’ T x |
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
sUft 4.7 BurisusaadnviimesuiuiidlaunannuidaudsieBmsldanuseutuina

HONLINANLAZITONUINAIWNTATATUNTAITULVUTUFN 9|
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4.2.2 Han153As1zRUSUNUNENAemAaTtia XRD

MTIATIzRlATIasNanLazUTuuRANABImALTA XRD @s1T0lanIRnLWTn-
Tnunsussguil 4.8 TnowsuilduTauna HMT-30BSM HMT-30BSM-0.255A HMT-30BSM-0.50SA
48 HMT-30BSM-1.005A wanaind 26 as fumus 17.2° uay 22.4° lummidsedunuiidudauna
HMT-30BSM #rnunsidonamamandl ldiinnsidsuudanidudnuazassinusninunsy
wazaaudundnilewSeuiiauiu HMT-30BSM (Arauslundnivinfu 30.74 %) Faunuildy
UAwKa HMT-30BSM-0.255A HMT-30BSM-0.50SA k¢ HMT-30BSM-1.005A daaa1undundn
WU 31.58 % 29.95 % WAz 28.64 % AMUERU Snvarreesinkilsninunsylivdeunyas

a

Wanidu wazmaulundnfianasdniosnarainainufiselelasladaveswunulnunaieiiu

mMadenvaemaed Aenmiuiansuiieadntioserafrnuinuvensadedinfinufuly
Sessuilsuiunuideneumhildnsadagiindl 10 20 wag 30 %w/w Tulduildudosaansld
nedanwarnilionussdn daunuildudapaasliniadinwainifientnsdnaruauiy
offuguiiinniudefinisdenvnemned iWesanmadonanenaaiidiludavenmsinges
shmeandn uendndatanuibunsaigeiuetavihliAaugaseilelaslatariusnamelivands
vlyianelendndun nwmnasina nivdmaliuniidudeaaaeldnisdanmaindonuusdng

e dunaniianas (Mitra et al. 2013)

I I I |
15%.2° A8
’g n’]’ﬂwr‘i W""\ "u“
I3 F A
S W
= ‘ HMT-30BSM
i ' mi ) ol =
¥ e :
z o, T TAN - P HMT-30BSM-0.255A
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— Y e HMT-30BSM-0.50SA
HMT-30BSM-1.00S
I K I > I X I -
10 20 30 40 50
2Theta (degree)

JUT 4.8 Avlunsninunsuveusuildudaunaannudeinuusegisnisidanuiowduinaiion

WSS NLAZLIDUTINMENIATATLNNAMUTNTUA )
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4.2.3 NaNTATISREUFIUINEILINATA SEM

13

AINAINOENIARAVINVDITUINUNR LT ALHANLTIAALUTABITATITAUS DY

& A a o N Y o aa Y v Y] a v &
BUNHNANLUDALLINANLLAZLYDUVINAIYNIAYAYUNNAINULVUYUAN € WQE‘U‘V] 49 LL?IMI‘VIL‘VI‘N’N

D.

PAIINYINNNTFBUVINAILATATATUN NURIVDITUINUNHIUNTIT DUV NWULIS I UTULD

WSgutieunu HMT-30BSM a1nNani1sitasizviasureglai1nsadadan 9 viuidii 1du

a9 auraanaiiatunsavilinedwesi 2 igaiadanudidulauindu dedunisly

¥ U a = o

AN5LYUVINAENIATATUN IV ANURIVBIDRIIULAWSEULNTUY (Olivato et al. 2012) Iag

I 2
deVLII 1 a)f A

USuaunsadad dnNiuaulldinang199mausaninuissuraINuR ki auUawNa HMT-30BSM

(n) HMT-30BSM (¥) HMT-30BSM-0.255A

0:42 AM | 7,50 k ) mm | 4500 | ETD o

(9) HMT-30BSM-1.00SA >

(3

sUN 4.9 MWANENARAYINIVDIE U A LT ALNAINLTIFALUTA8AT NS IGAINUS DU U A

Y

dlonuusdnuazidonvinsdensadadinfiaududusig q (n) HMT-30BSM (1) HMT-30BSM-

0.255A (A) HMT-30BSM-0.50SA Wag (1) HMT-30BSM-1.00SA

wnasiiduenasnanulidmsunsitauiienisanwivintuy ldeuaalmihlulsusslesuaiunisen

9 U

Lidnnsdllaqsau Snvvinudividauwlasiion wazseeg1sdedadivesenaisynasaninisunlule
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4.2.4 HANISNAFRULENYIAINNIIANUS DU

N15:8 UV LATAENTATAT RN TulH U LT awaa Nk T ud U naaRf aLkU A e

al

audeutunaiuiionuusdn HANINAFOUKARIRUNANNITAA B aAINED 2 u (haneRsgy
4.10-4.11) A sﬁ’junﬁﬁxmasuaﬂmaqaﬁw (Usvanms 80 °C) wardunisaaneiamianuioures
udsuagiilonuidn (Useanad 292-313 °C) 3MNATNRANITNAZDUNUINAINITEAIEAINIIAN
SDUVDIHUNAL HMT-30BSM-0.25SA HMT-30BSM-0.505A wag HMT-30BSM-1.00SA 114603144‘171' 3
(wilauazidonuusdn) JAUWATU 291.50294.00 kas 292.50 °C §9iuurldui anawile
WisuguRuuNuAaNTRALNG HMT-30BSM (313.67 °C) IngnaveInIsnaaeulang snnymIeaing
%’auﬁ'amaqawLﬁmmﬂﬂﬁﬁ%‘miaimla%aﬁwmmLﬂuﬂﬁmﬁuaamm%’ﬂ%ﬁﬂ (pKa;=4.61 wag
pKay=5.61 (Nghiem et at. 2017)) fivuszlnaladnnluvaznszurunsnIsdwiuiidy (Nsuyen,
Heinonen, and Sainio 2018) %qaamﬂé’mﬁ"umsmaaamﬂﬁﬂﬂﬁﬁ%mlaimia%aﬁwﬂim?i
dusisiusylnaladAnuesansanaiudinguataindnlsn. (Oat Beta-Glucan) Wloansarinius
nawANaINtlERvIugAsensalalasaaednuansAdaiinsn WullansaialuaAINguALaINTT?

Ieaasuduhmaluanain ealdasvasnisviujaselelasladanaensa (Nsuyen et al

2018)

i a ) Sy ey ) Y ac v Y & A
M99 4.6 Qm%@juﬂﬁamﬂmmmLLN‘L!‘V\laiJ‘LJ@LLNamﬂLLﬁjm(ﬂLL“LJ‘JMEJ?ﬁﬂ’]ﬂ”Uﬂ’NaJ’iE)u%uVINau

oM NANIALTDUTINAIUNTATATUNT ATIMVUVUF 9

gaumniinsaateia (°C)
wriuNAuTUauna Fuit 1 Fuil Fui 3
(1) (WonaNan) (uls+dlonuaean)
HMT-30BSM 82.50 233.20 313.67
HMT-30BSM-0.255A 83.83 - 291.50
HMT-30BSM-0.50SA 85.00 - 294.00
HMT-30BSM-1.00SA 85.33 - 292.50




100
\\\\
E \_—\
80
o
N
< 60 -
-
-]
20
=
40 -
HMT-30BSM
20 4 HMT-30BSM-0.25SA
~— HM'T-30BSM-0.50SA
—— HMT-30BSM-1.00SA

T

T T T
100 200

T
300

T
400

Temperature (°C)

T
500

600

58

SUN 4.10 TGA W85 luknsuYeuadHuNaLTnNaanTen kUSR8 N5 LR IUS D LT LN

Y

HIONWNANLALIYBUYINMIENIATATUNTNALTUYUS 9
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JUT 4.11 DTG wesluunsuvesvensuildulaunaanudeiaudsmedsnisidmnusoutuiney

HONLINANLAZITDNUINAIINTATATUNTAULVUTUR 9
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4.2.5 NAaNISNAFIUADANUAAIMUVIUUI: AAEIULIA NISUIUAD BAZD NS

] %
AsFUHIUVLaUN

nMaveapuauiRnuTeUYeITARINSTIINR U dndiuaa MIUINa uas
Samnisdusiuvediot Wudu Sanuddgsonmeseutaniieliauifimunzansunsld
s manaaevdndneaaunsalifundduinmmeaouuszansamlumsidensnamand
szminanelewodiwedld Tnoilulassadrnuaiiveudaiudmiuaziilonuusdnusznoudg
nyf e dulansondai aurrnviisunsierduiildduaznindnisanasvomy Weddu

lansonda AuaINISALUNISYINEUATAS LN LLTULAARIFEMUNY 91NANSI9N 4.7 WU

a1 o

WHUTELTALNE HMT-30BSM-SA i1un15ieRuI1an1ueil TrdndiuaaiigauilaUSouiey

v
=< 1 I o Y Y

AulNuiduUaLNandslirunITBeNrIInedLazliA 1@ ue g1l Ty dI A A LANLTLD

Y

¥
o

YINIATATUNALNUVY ANNANITNAFDUARAFIUIRaLEASTAAUITMHUNR LT AR AAANTSIT DY

PIMBadmenIadagnEIul ATeeamasatuseni s daiudUsndswagonuusan

= o (3

(uanagiagui 4.1) Il flandulensendanveuiianas faiiaglilaninsansaanulasig
watla ATR winsiiuduvesddndinaaaiansausildduduildutaurailianesnmuinduile

: a & =~ 9 o a
agluan 1eNilnuRugmIe luanIEnlduaT

Tudrur9In15nAa0UdRsINISTUN UYL (115799 4.8) WAZAINITUINFD

U

(157199 4.9) Tinan1sneaeunendsinnseureaeitdululuvusaReiduiunsagaau

[ =

ANFAAINLDA NUITHUNRLTALNE HMT-30BSM-SA NI61UNIST0UVINNILAT TOMTINITTUNIU

29419 MAZAINITUINAIN AN IINITLHUNA LT ALKaT g9l N 1A UYL ATl D el

v

WodAny lnensuansiiifanasnuanuiduduyesnsadadiniifiuau unegalsinusnsinig
FuruveslourlifinsiasuuasedsitdAguiionnudutuvesnsadpdiniinau wonand
HAN1INAABUDIADAARDINUAMUNYB UEIIAAB D SLUUHALL TN LN DUUINAIINTATATA

Fafnnmsinuiseneamesiliatuilvaudianuveuiianas (Zain et al. 2018)
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AN5199 4.7 ANdRdIUlaNIan 24 FluakaronsINsTLENUTadlauningl 7 TuvauwnuNaun

WANLTIAALUTAIEATNNT IEAINUFTDUTU NN AL DN A N WAL BUVINAILNTATATANTAANL

LUUTUAN )

T LRI dadauaa (%) ms@usinuvasletn (g m2 day™)
HMT-30BSM 18.38 + 1.92 619.75 + 7.60°
HMT-30BSM-0.255A 28.91 + 2.54% 440.78 + 13.38°
HMT-30BSM-0.50SA 30.05 +6.52° 427.40 + 8.02°
HMT-30BSM-1.00SA 45.84 + 4,02 416.40 + 8.50P
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= ! T A Y | a s a Y] Y ac v o X A - Y] 4:4' %
M99 4.8 ATNITUINUINIAN 1-6 whay 24 GU']INQSU'ENLLNL!W@&HJWLLNaQ']ﬂLL{j\‘WW@LLﬂﬁﬂ'ﬁﬁJjﬁﬂqﬁisﬁﬂﬁqﬂJiau%u%Nﬁlll,ll@ﬂLL@NaﬂLLaSLGU@iISU'J'N@’JEJ

NIATATUNNAULTNTUAN 9)

1981 (F21U9)

wHUUALNE
1 2 3 4 5 6 24
HMT-30BSM 513.44+1.79* | 589.28+16.72* | 599.54+15.62% | 595.13+13.45° | 587.65+16.89% | 585.80+22.15% | 569.99+0.43°
HMT-30BSM-0.255A | 356.84+12.45° | 362.09+13.45° | 379.35+10.76° | 381.91+10.98"° | 380.68+19.32° | 381.49+19.87° | 452.24+19.32°
HMT-30BSM-0.50SA | 284.52+16.56° | 295.53+11.78° | 303.73+14.22° | 301.59+11.45¢ | 304.06+22.15% | 302.98+21.98 | 374.12+11.52°
HMT-30BSM-1.00SA | 204.02+14.67¢ | 210.32+14.62% | 218.36+12.45° | 225.60+13.17¢ | 236.85+17.93% | 249.13+18.76° | 301.04+6.89¢
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4.2.6 HANISNAFDUANUALYING

AUTALTINAVDILHUN A LT ALNAINLTIAABUTAIYAITUS DUY UT NAULIT DNWUIAN

al

= % v aa Y oy 9 - ] oA s A
LAZWRNYINMENIATATTNTAAUTUTUAN 9 Lanewiann5197 4.9 nuduiuiduTUauxa HMT-
30BSM dlAuandanaiuazda1nsdnda a gaviaiian waadliniuiuduidulauna HMT-

30BSM dflmnuaanusansidsususiaigasianuaiuisatunisiadinadewssuiisuiu

& a

WU U T ALHATNIUN5 T 8NV BATAenIATATEN N15USUUTILN U duTnuran 8
nndAgilndinang 19l dudifgysoninendananadtazaIn1sEnl o 3AU1n NANTue

Wisuisuiuwsuidudaunanlaiiunsidourinamandl lneenisdnds o 9avin Aiuay

W SN\
v a a = 1

LARSIDIAINUAIUITOIUNITTAGIN LA U UVDILHUN A UTALNAT I NAUINNUSLLOENDSN

a

Wouvynssndnaelgwedues (3UN 4.1) Fvilvianglanefmesiinnuanuisalunisvengdiin

490U YIADAARDINUNANTVIAFBUAIFAF IMARTINHAUNENAINITI WUV M IALT IAEN1TY
Unseniing Wi dulensendanararivenda srufee1adunani1amna1uud 1wseain
Wuszlelasiauninisiase s lndlulassasiave s uiaulainad @enadanun1sinsIe

laseasamy ieidu uenanienddeves Nandi, S. wae Guha, P. (2021) lavian1sTuuauay

'
o a

N9 UHS AU NN UIAEYTIN ST DUIINNUAL AILATATATRNLNLT Y NUINAINNTTAG D 0

'
=

Qmmﬂﬁl,ﬁwfu deuinuvesnsadadin lesannindadinuisdiudsanansaviminiidu
wanadluwesidliarnsing o Jaaniiiudy (Nandi and Guha 2021) uenainiinisdew
yenaiailaifinaserianuidy ol 9aun vesusiuildutausa HMT-30BSM dei3ouliisudy
rowhmadenuneamanil nufenuduturamsadadanfifuiulifnadensidsuulase
audAidana snadumsunaniinavesnsedadinililuuiunaies eaenadosiunans

AAENUSU AN LI NN WAL UaIE9 N AN ST B NN AL AL NSATATIN
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A15197 4.9 autAdinavesiuisntauraannutnauusmeanusouTuinaldonlusanuag

LWOUYINAIENIATATUNTNAULTNTUSN

uRUAALUALRNE AULAY QU 9AV1A (MPa) | stanas (MPa) | n1s8ada o 9a1A (%)
HMT-30BSM 9.31 + 1.50° 70.61 + 6.94° 12.17 £ 1.24°
HMT-30BSM-0.255A 9.77 + 1.64° 40.44 + 6.33° 19.70 + 2.07°
HMT-30BSM-0.50SA 9.91 +1.00° 36.43 + 7.44° 21.04 + 2.93°
HMT-30BSM-1.00SA 9.81 + 1.99° 30.45 + 3.75° 24.40 + 2.34°

a 1 wa

MNHaN AN WansENYaITInansadedindeaytRvesuniuildiUauna Jonansly
nan1svaaesil 4.2 ldussifuasiuuidazgnsiagldpziuy Rubric score Muanssioazidonly
AAKLIN T uagRansanTauiunsiinsginiadalagldandetuuannssu nuhusiudouse
ans HMT-30BSM-0.50SA fimasiivinzasdiviunsissuazianaso i ariunaeu aluns

AULTRAUYSE

4.3 HavadENIRNUYRAUNSIINNIAlnalAAN AT NTUAIY 9 doautRvDINANTALNE

NUIAALUTA2835N15 I A NS U UNALL T D NUNAN LALLYDUVI1NIAL

2N

nan1svaaauluvetineesivautfnig o tesfiantaunaanudannuusaneisnsld

A5 DU UN AU D NS N WAL BUVINNIAL SIUDUALUSEANSTAINAITA UL DA UNT VD4

9

LHUASUTAuNa HMT-30BSM-0.505A a18nsatnalad nfusuias 5 ml 7 Aanandudus ey
A9 15 20 wag 25 %w/w Laeldd afeene HMT-30BSM-0.505A-15GA HMT-30BSM-0.505A-

20GA Wag HMT-30BSM-0.505A-25GA @siiuSannivesnsalnaladnluudazgasi 0.75 1.00 uag

3

1.25 ¢ guadU anturinsUTeuisuiuildadauaa HMT-30BSM-0.505A 7lifidunaves

[

nsnlnaledn Tngarunsawlsmuaudalasail



64

4.3.1 wan1nseilassainayiendudemaiia ATR

HMT-30BSM-0.50SA

™
HMT-30BSM-0.50SA-15GA 164'61
Sl DA LS = L 1

P \ /")

/ \/ \
S i1 1 \

HMT-30BSM-0.50SA-20GA

\ i
N\, 1

HMT-30BSM-0.50SA-25GA

Transmittance (%)

9 I ) | ! 1 ' I - 1 : 1
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

=

JUN 4.12 8urlsnseaiUnniuvewnuiautaunannudaiaiusdiedsnisldniusoudunay

= o o a A =] a a a v A 1k Ay a a
dlenuasdniiandnmiaiiuasiuysEansninnisdutegdunsdalansatnaladniinay
LUNTUAN %)
a ¢ v a A a ¢ N o aa
PMNNTIATIEIREnAla ATR B IATIZMNISIUA s uLUadlATIas 19m1aAdian
wWasuilasld wuiskuildutaumaanilemauUsnagasnislonnusoutiunauionlaean sy
N130enYMNAT wastiUYsEANS A NN eAunIdranIalnaladnuianaindumia
lwUAaUUITUNA 1219 cm! Buansnaendnwaluey C-O stretching Tulassadnsvesnsalnaladn
(Ramlli, Bashirah, and Isa 2018) kavtlasanninlnalainUszneumenyileiduaisuendai
o aaa [y 1 & o a 6 a 3 v ¢ =
aunsavitdfaserdumyilsidulansendavesaisiulawmsainduiusy leamesuansiin o

ANULAVAAUN 1735 cm? WarANULTLVDINN TR UL ALTUAINAULTUTUYDINIALNALARN

A o 1

F3019LAn9n C=0 stretching YasnsalnalAdniAmILnLasznINg 1690 - 1750 cm™ (Ramlli et
al. 2018) waNIMNUAVAFUTAMMUIWEI O-H stretching iinsindeulduavaiiuigundsain

WWunsalnalrandakanitani1sinsedriveaiuselalnsauluwkuiauUnwxa



65

4.3.2 Han15AsITRUSUTUNANA28WALA XRD

o A ¥ £

INASANYINUITeRNeT 098 llnunsAnwAeIfUENSNavInsalnleaanluy

Y A ! < =2 [ = ! ! a a £
sUnuvvesasiinsonudundnluian wesnlaediulugnsnlnaladnieuldauly

=

nanAaeiaIesd1ene Inglurnuideidnwenudundnlngldmada XRD vosunulauna
ndannifunsalnaladndmfuiiuvsedniamnisdud 09 dunsds annisiiasei
Anunsnnunsuveakuidulaunasansliviulainnisidunsalnaladnasluskuidulaunalyl
liAnnisUasunlasmnndundnegradiuladn lnauanssums 207 17.2° uag 22.4°
(307 4.13) Tudhupraanndundnuss HMT-30BSM-2.55A-15GA HMT-30BSM-2.55A-20GA uae
HMT-30BSM-2.55A-25GA ' A @318 0 LN 1A U 29.86 % 29.78 % L@y 28.97 AMNAIAU

' I = o

TnewdlawSouiioudu HMT-30BSM=2.55A AflArasidunadniiafy 29.95 % wuituduildudn

|
o w =

d' a a Ia d' 1 a o I~ a
unafiidunsalnaladnladinanisidsundasesniidedngy JFsanudunsavesnsalnaladnaas
inliiinnsAnanelanedinesiieujisealalaslada waluvazfeaduninudundnues
nsalnalednanuisaiasuanuduNanUa Ui dLUaLNALA A8 AT 1URVN T LHUAS LT LKA

Wwusensalnaledntuiinisasunlasnnudundn

2™ 22.4°
I

J M v

‘A /) Fee I
“ iy / % 'f'h Wiy .

< wlh L, Ty TN ¥ HMT-30BSM-0.50SA
= I p N gy, : Yy
g e “‘;a Mw““‘”"‘*"%lmur%t* " %‘M&MQ -30BSM-0.50SA-15GA
Q 'r ') ‘ »"W!w‘m‘w“wf‘ At
< LT A
5 & iy R T Y Y W,HMQOBSM-O.SOSA-ZOGA

HMT-30BSM-0.50SA-25GA

| 2 I 2 | * | =
10 20 30 40 50
2Theta (degree)

= a

sUN 4.13 Arurisnlnunsuvesiuiaudaunaanuddauwdsaiedsnisldninuseud unay

6 v

dienuadniidonuinemiaaiivasiiudsz@nsnnnisauegaunsdgaiansatnalaaniiniy

LUUTUAN )
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4.3.3 NaN3ATISREUFIUINEILINATA SEM

MNNMENENAGAYIDT uUTEID auNanuauUseeiannsTdr L Seu
Junawilonuusdn Wonumamaedifensadadiinuasifinyssansnmnsdudegdunidae
nsalnaladnfiannadudusing q 5l 4.14 uansliifiuinunuiidadauna HMT-30BSM-0.505A
figslaisihunafulsednBnmnsiudesduridituinadaimnsfivsssiandonioudo
FuunuTidudnunafitesdussnouvasnsalnalaan Tnendaannvinnisifiunsalnaladnasluiuay
wrudpunauandliiiuiniiuiivesd ueniiamuss Ut il erUseuifiou HMT-30BSM-0.505A
ToonunuHuianUatng HMT-30BSM-0.505A-25GA ﬁﬁmmL%’usﬁ'usumﬂﬁmlﬂaiﬂéﬂﬁmmﬁqmﬁ
fufnaafausiiouiian mnraniTinsigiansaesuigliinanlnalednetafinfizen

lalnsladdladaduanmmyiliiuiivesuanulianusouinty

(¥) HMT-30BSM-0.50SA-15GA

SUN 4.14 ANE8AIAGAVINVDILHUNANTABNAINLTIFALUTA8AT NS ITAINUS DUT UNEN

Y

a

donuusdnuazidersnenaeduandulssAninmnsduderaunissensalnaladniienu
LNTUAN 9 (1) HMT-30BSM-0.50SA (1) HMT-30BSM-0.50SA-15GA (A) HMT-30BSM-0.50SA -
20G wag (3) HMT-30BSM-0.50SA-25GA
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4.3.4 NANISNAFBULENYTAINNIIANUSDU

msdunsalnaladnaddunkuiidulaunannutatudvsudifidawuseenny
Loudunauiuiionuisdnuaziuns@onvnamaeiifiensadaddn nuiAnisaatefanig
ANUSDUYDILHUTAL HMT-30BSM-0.505A-15GA HMT-30BSM-0.50SA-20GA 1@y HMT-30BSM-
0.505A-25GA Tuduit 3 (uiauaziflonuusdn) Aty 290.17 287.83 way 285.67 °C Failen
anaudlelSouiteusuansaanefimerudeuluiud 3 (uaneiasUit 4.15-4.16) voauruiidy
Ununa HMT-30BSM-0.505A (294.00 °C) aneansaaesaludui 3 ifldanatonaiianisin

a |

anelgnedwesieufnsenlalaslagasnaiuninvensalnaladniien pKa wiriu 3.83 (Cao

'
a1 o

et al. 2021) FeapnAavINUIRToWNLRELNRTTUEWEra i unsYIUg AT lelas|ada
nliAnsamemineanusounansalisiuTeuiuukuiauwdaiuddenddiliiunisviu jisen
lalnsla®a ainannisanasealsuinyaseslilaalunts Fuilsusunuvesazlulaganasdina

Trenulundnvasucuiduannutlaiudiusndanastuiu (Amaraweera et-al. 2021)

P a o/ oA 6 a L% 1% aa 4 4 dy
M1919M 4.10 QMVIQNﬂ'ﬁﬁa']EJG\TUEJ\‘ILLNUW@&I‘U@LLNG‘U’]ﬂLLﬂj\‘lﬂﬂLL‘Uiﬂ’JEJ’Jﬁﬂ’]ﬂ‘Uﬂ’ﬂiJi@usduwﬁN

a b2

dlanuusdnuazlianIRnILAllas il sEaNEAmNIsAuweRuNSdmensalnaladniinany

LUUTUAN )

e gamniinIsaign (°C)
UNUNANUALNE =5 — T

U1 T 2 VUi 3

(h) (Honuuadn) | (wds+llanuusdn)
HMT-30BSM-0.50SA 85.00 - 294.00
HMT-30BSM-0.50SA-15GA 86.00 7 290.17
HMT-30BSM-0.50SA-20GA 87.00 - 287.83
HMT-30BSM-0.50SA-25GA 79.33 - 285.67
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110

sl \

90 - )

80
-
70 1
S’
= ]
20 60+
5 ]
Z 50

\
40 4
{ "~ —HMT-30BSM-0.50SA 3\
30 |~ HMT-30BSM-0.50SA-15GA|
| —— HMT-30BSM-0.50SA-20GA =
20 4 HMT-30BSM-0.50SA-25GA
I = 1 i 1 - 1 ' I i
100 200 300 400 500 600
Temperature (°C)

=

JUT 4.15 TGA wasluwnsuvasiufiauUannainudinkysaiedsnisldanuseurunaiilon

a

LINANHALTDUYINNBANKAZ L USEANEAINN 1T 1T RaUNSEMmenInlnaladnfinududy

Fi4 9]
: T3
“v
\

y A
g N
£ \
2 \
N’ \
= -0.004 \
.%” 1 \
= ~0.005
S
& —0.006 4
=
=
= —=0.007
R .00 4 [=HMT-30BSM-0505A

| F——HMT-30BSM-0.508A-15GA

—0.009 4 [ 1IMT-30BSM-0.50SA-20GA
] HMT-30BSM-0.50SA-25GA
—0.010 T T ’ T J T ! T ! T y
100 200 300 400 500 600
Temperature (°C)

UM 4.16 DTG wmosluunsuvasusuilaulaunanudednuusmedsnisidausouiu

a ¥

= o =~ )~ a a a v & a6 a 4
NallLﬂJE]ﬂLL@NaﬂLLaZL%@Nm'J'N‘Vl'NLﬁllLLa%LW@J‘Uﬁ%ﬂ‘Vlﬁﬂ']Wﬂ']iﬁnuvﬁﬁ]ﬂqau‘ﬂiﬂ Qﬁﬂﬁﬂlﬂﬁﬂﬂaﬂw

AULTUTUFN 9
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4.3.5 NAN1SNAFIUADENUATILNEINULN: dAdIULa 9NsIN1STUEIUYR9LaUN waznIs

UIUA?

N1SNAFDUAIEAAIULIA DMTINTITTUNIUYDILOUN WALNITUINFD VBILNURALTALNAIN

WUTUA U S NAIA NI UAALUTAIBAINUS DUT ULAZ LT BUNIWAT AENTATATLN ANYNSINITLAY

Y 1

UszAnSammsinuideqdun3s wuiAndndiuaa Snsinisduriuvedlet (mssil 4.11) uaz
NISUILA? (Gﬂiwﬁ 4.12) vosunuauUaLua HMT-30BSM-0.50SA-15GA HMT-30BSM-0.50SA-

20GA uay HMT-30BSM-0.50SA-25GA iffitieeninwiuidudauna HMT-30BSM-0.505A 8eg

AN v o w

fudiyy Fdenndeinunansiaseilasiasamanivestuiiaulaunaniandiiiuionga

= 1

Inaladnndinyflsdtunisuenda 1 diundaiuisanasaiussioainosiiunisiinujisee

Uy

ames et unury Wendulanseond avequd suasidonuuadn 99919914

nyilandulansentanislulassaunulnunadduinans §dennnei uNavBILHUTaNATS)

Juuunilauveutianasiauivusamiensaneanasiniiasainnisnusseawesniiatuly

TAssas sl inUS NS aLeaRasUN (Park et al. 2001) 9814b5ARMNAMITUTUN LANF1 I

1 [y I

YespuuturnInsatnaladnluiinasgraludod1Ayne dndiuaa dnsinstuniuveslo

WAZNITUINAIVDILNUNANTA LG HMT-30BSM-0.50SA-GA

AN5199 4.11 ANdndIulaNna 24 FlieonsIn1stdadledI gl 7 Tuvaswkuidutanna

NLTIRALUTAIBITNIT LY AU S DUTUNALLIDNLINA NN VIR ALY SE AN AN

¥

NIIURBYaUNIImenIalnalaan A NNTLAIN

9

ueuNauUALLaE dnauLa (%) nsPurnuvedletih (g m2day™?)
HMT-30BSM-0.50SA 30.05 + 6.522 427.40 + 8.02°
HMT-30BSM-0.50SA-15GA 50.26 + 0.15° 410.87 + 6.11°
HMT-30BSM-0.50SA-20GA 49.38 + 3.21° 412.28 + 0.17°
HMT-30BSM-0.50SA-25GA 49.68 + 2.70° 377.85 + 1.30°
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A5199 4.12 ANNISUINUNITINIGET 1-6 kA 24 T8990 9N UTNALTALKNAINLTAALUSAEITNT YA DUTUN AL D NS NTLYDUYININ LAY

[

WinUsEAvSnmmsiuiegdunidaensalnaladnfiaasiuudusmig

987 (F1a4)

UHUUALNE
1 2 3 4 5 6 24
HMT-30BSM-0.505A 284.52+16.56% | 295.53+11.78% | 303.73+14.22% | 301.59+11.45% | 304.06+22.15% | 302.98+21.98° | 374.12+11.52°
HMT-30BSM-0.505A-15GA | 158.25+6.39" | 161.87+12.34" | 170.11+11.89° | 167.38+10.76° | 168.79+20.78" | 178.91+17.12° | 185.24+6.09°
HMT-30BSM-0.505A-20GA | 152.48+1.13" | 154.92+10.98° | 161.66+10.34° | 154.97+12.78° | 163.58+16.12° | 163.16+16.12° | 167.64+7.67>
HMT-30BSM-0.505A-25GA | 148.26+11.35° | 148.60+8.01° | 142.88+13.17° | 145.91+11.27° | 147.23+19.87" | 152.53+23.01° | 153.43+13.75°
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4.3.6 HANISNAFDUANUALYING

o a

LU LT ALNAIN LT T UA U S NAINHIUNTAALUSA8AIUSDUTUNALA UL DN

a6V U a

udniazrumM s amaaiifensadadin ‘Vié’qmﬂlﬁmmsﬁﬁuL%@ﬁ;ﬁuwsamaﬂimjmﬁﬂ
Fudusemaaouantiidauiieussifiuauannsalunisfunssiseaunuildndaung Naveanis
Fuansimuteqaunisluuiuiidilaunareautfidnauandddnaed 4.13 anuanismageu
NUIHUTALTALKE HMT-30BSM-0.50SA-15GA HMT-30BSM-0.50SA-20GA Wag HMT-30BSM-
0.505A-25GA firuandaifisduoinieamnardunEnuesnsalnaladnfitasiaiumiuaiunsm
Tumsnanuseussisesusuildilauna Jsaenndesiunsiasgsinandundnainmaia XRD
NANIYAABUABARABATUNATHIN LA U U s susuUshensausanesn

IngAnendaliaindy Fso1aineinaruudvensauweanastn (Bajer and Burkowska-But

o w =

2022) @uAn13aEn v Invakuildulawnaniaiianay uaziliranasagniltudAgle

WWunsaknalaaniusun 20 %w/v 3UlY Fee1atinainnisnnsalnalaanauisasaanslanea

(%
o

weivawlaliudzrasiazflonuanduuiiselalnslatadinalviane lanediuesduas (A9

v W

sU7 4.1) Bavhlvnisifeaiuiuseninsaielganas 4940009 UAINITAIEN B AAVINVDS

wuilduwdsiudvzndiniimasasdaiianududuuensndnsidesainignselalaslada

v =

(Chen et al. 2021) wenNUGEIsABUGUNITIAAN s AnaTelgnedwosHuUJiselelasla
FaMILNaNITNAFBULANE TN NNAINTaUT UM insaan g ekl uind s ndaiag

= o A N A = a
LQJE]ﬂLLﬂJQaﬂWNﬂqa@aqLN@LWNUﬁ@qumaﬂﬂﬁﬂlﬂ'ﬁIﬁaﬂ

AN519% 4.13 auimIanavodkuRduTawnaa nwlenanUsnieisastaausautunauLilan

6 Y

Heunsalnalaanfimnududu

a

o oA = a a a v & a
LLmaﬂ'VlLGUEJ%JGU’JNVI’NLmJLLazL‘Wmﬂizﬁwﬁmwmmmwaqaum

Mg 9
wRUAAUAUNA AULAY f1 9AVIR (MPa) | wands (MPa) | N158ARa ol 3AU1A (%)
HMT-30BSM-0.50SA 9.91 + 1.00° 36.43 + 7.44° 21.04 + 2.93°
HMT-30BSM-0.50SA-15GA 9.89 + 1.47° 47.16 + 4.37% 18.28 + 1.46%
HMT-30BSM-0.50SA-20GA 11.25 + 0.47° 56.17 + 5.89° 15.99 + 1.30°
HMT-30BSM-0.50SA-25GA 11.42 + 0.66° 56.92 + 2.34° 14.43 + 1.39°
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4.3.7 NANINAFBUNIIAUDYAUNSE

N1sNAFaUNTIAUTRAUNISluN1IMIATS08AEN1SANAIYRINITAULYBYAUNTE
WINTFIUNIINAADU JIS Z 2801 : 2006 Ingldarsazareanfuauilaulauua HMT-30BSM-
0.50SA wag HMT-30BSM-0.50SA-GA Tutnauudurluneaauiuida S. aureus (WnsuuIn)

way £ coli (wnsuav) laetd ovsaessdarduid ofatursavinliiAnnisfald o unals

a

lnglunuddeilavinisneaeudss@nsamnisiueaunidvesurulauunanianududu
yaansatnaladnluuSuununnaieiu A 1520 ke 25 %w/w lagwseuiieudu HMT-

30BSM-0.505A 91Ram nadeudsuandlususuil 4.17-0.18 wazansnadi 4.14 uanslifiuiy

(%
a

FUNULNUTARKNAT b T IUNANVRINTALNALARNLAINITANAIVRITIUIULL B S. aureus
71 -19.71 % WaLs¥a E. coli N1 15.93 % LagA1fnauLananIdnulIulalatda Wi unuIumnadan

VINISNAEDU 24 T 23149 FI1ANANIINAA9a 1815 00A U 18tA T UT WU AwNa

[
a LY

HMT-30BSM-0.505A Lifiusganslunissuiiaqdunsd vis S, aureus wag E. coli

A1 uauunudaunad ddrunauvesnsalialaan lauwn 30BSM-0.50SA-15GA

(%
Y

30BSM-=0.505SA-20GA 1a% 30BSM-0.50SA-25GA wm’wﬁmﬁaﬂawaaﬁwmmaqLsﬁyaagéum%m
40991107 100 % TeA0nARRIUNANTSNARSEY Gambin et al. (2020) MLaAIANNNTanaIYDS

WINLTD £ faecalis B 95 % laglannudutuvasnsalnalaanil 25 % wiv lngnalnlunis

a

v & a e a a = a v v
G]']TJLGU@‘UaUVﬁEJSUENﬂﬁf’ﬂﬂﬁiﬂaﬂaqﬂLﬂﬂ"ﬂ']ﬂﬂ'ﬁ‘ﬂilll,aﬂqasﬂaﬂﬂiﬂlﬂaiﬂaﬂa']ll'ﬁﬂumiﬂmjLSU']I‘U

q

seninbevuganvosiunsglavmliiiausedusedlufinuazandi pH neluwadqdunsd
(Ban et al. 2012) uenaniamnyainsolun1sdugnisasyiulnvestegdunsgenainain
il dulansondavasnsnlnaladniiiirlusuniulalanaraduwasyililusiuneluigad

a 6

auvsdideann (Liu et.al. 2017; Luther et al. 2015)
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24 .

HMT-30BSM-0.50SA

HMT-30BSM-0.50SA-15GA
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HMT-30BSM-0.50SA-25GA

UM 4.17 ameneduulalailveade S. aureus 1 0 Pilusuagnavinismageu 24 43lus
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HMT-30BSM-0.50SA

HMT-30BSM-0.50SA-15GA

HMT-30BSM-0.50SA-20GA

HMT-30BSM-0.50SA-25GA

5UN 4.18 amengduulalaiivede £ coli 1 0 TAluauaznawinnismagaey 24 4l
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wnasiiduenasnanulidmsunsitauiienisanwivintuy ldeuaalmihlulsusslesuaiunisen

Lidnnsdllaqsdu Snvivinudlvidauwlaiion wazsaig198edadivesenalsnna

9

<

v
[

Ssninsun 1y
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4.3.8 Nams‘maaummv’f]uﬁwiawaé

AT U e oLwad Vo IwN UNauT ALK HMT-30BSM-0.50SA HMT-30BSM-
0.50SA-15GA HMT-30BSM-0.50SA-20GA ay HMT-30BSM-0.50SA-25GA ﬁﬂﬂﬁ@UﬁU

v

wad HaCat logldds MTT wiensivgeuinuiugasjusaunandssendiney lnuniy

saa

WINTFIU SO 10993-5 s2uliINAINTTeniInvassadNilA1LINNIY 80 % wanadndae

g.JI ra ) a ! 3 I Aa 1 1 - g I
Huldfianuduiivnsiad AMNIIIBATINVBIDY ITWIN 60-80 % eiMIINIEAUUNAINY

o
v A

Juiiwrawadidntios A1N1550nT3nve8g3enIN40-60 % wanainianuuiiniiuduy

q

[
v A

NeAoad UIuNaNe BWarAINISTANTINLAIRINIT 40 % hansiTantuilanuduiuse

q

1 wadag19TURTY (Mbituyimana et al. 2021; Zepon et al. 2019) 9INA5T 4.14 uaz
SUT 4.19 wudusuiidaTiouna HMT-30B5M-0,505A fideauiiuseiwaduazainig
SOATIAT 5.44 + 0.08 % War 94.56 + 0.08 % AUAIAU LavidnvazyeuYad HaCat

NiigUsaUng wanslyiiiudn HMT-308SM-0.505A hifinaauJunuiewadauiluiivsie

s Mendinisfunsalnalrdniuyszavsnannisaiudiogdunidnuiipanudy

TNy olaa AU 5 - 9 % UASAINITTRAUBIBAANEATATT 90 — 92 % FIudd

¥ Y

Snunuzvediad HaCat fUs9UnR (Lal et al 2011) Insnriuididiuiiiaduroinsalng
Tranlddwadomanudufivdeaduazainissentinegraiived @ Sanandliiiiugi
nsalnalaananunsoifuldnsdanmiumaduyusld Feduuinfidalauma HMT-
30BSM-0.505A-15GA HMT-30BSM-0.50SA-20GA Wag HMT-30BSM-0.50SA-25GA Ha113

Uaoasuuazaunsaniulanistinmimsizdnsunisitauduwnuidulauaa
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M191991 4.14 AMTERAsUBNTEAUNSE (S.aureus way E.coli) mnulufivoiwad uazAadsanTin YostunuLiuTawNa HMT-30BSM-

0.505A iluesnsalnalaanianutuTunIg 9

S. aureus E. coli
AINISANAY o o ‘ ¢ a
Comg oa Log CFU/mLl Log CFU/ml ANNISaNasIVa AMULUUNEADLYAR LYRATNYIN
BNUNANUALNS Va9 - \
) \WagaUN3d (%) (%)
M & LUDAAUNIY & o
0 ¥alue | 24 ¥2lug 1 0 Flus | 24 Falug %
(%)
(%)
Control dziﬁ%umu) 5.76+0.03 | 5.63+0.07 2.25 6.15+0.03 | 7.19+0.05 -16.88 0.00 + 0.00 100 + 0.00
HMT-BSM-0.50SA 5.77+0.02° | 6.91+0.02° -19.71° 6.15+0.03% | 7.13+0.05° -15.93° 5.44 + 0.08° 94.56 + 0.08°
HMT-BSM-0.50SA-15GA | 5.77+0.03% | 0.00+0.00° 100.00° | 6.15+0.04% | 0.00+0.00° 100.00° 9.01 + 0.25° 90.99 + 0.25°
HMT-BSM-0.50SA-20GA | 5.77+0.04% | 0.00+0.00° 100.00° 6.16+0.03% | 0.00+0.00° 100.00° 7.89 + 0.64° 92.11 + 0.64°
HMT-BSM-0.50SA-25GA | 5.77+0.03% | 0.00+0.00° 100.00° 6.43+0.05% | 0.00+0.00° 100.00° 8.28 + 1.19° 91.72 + 1.19°
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HMT-30BSM-0.505A

e b

HMT-30BSM-0.50SA-155A

U 4.19 nmidieiwad Hacat TiunsvndeuuFuuRLiiasUnume HMT-30BSM-0.505A 15

Y9InT0 INAlAANTAAIITNTUA

NnMsAnwHaTesUTinuIaInIalnalaadnroatdRvesNuTiduUnuna (raud 4.3) lng
vinnsUseiduluusazgasTnenisliiazuun Rubric score mun1ANYIn 9 Gefansansaufy
Ansanansadflasldedeauuinnigiy nodwsudauna HMT-30BSM-0.505A-15GA
anusngaufias i duiuiidilaunaiiiunadesmnmsedanudsiaud sdensld

y X 2 [ o aa Ly & a e A
ﬂ'ﬂ’]us@usﬁuuagLll@ﬂLllﬂLLiNaﬂwuqmﬁmquL?j@ﬂanWiﬂNqﬂ'ﬂ’Qﬂ

4.4 pavaakiuidnUaunaanudanrdiunsaandstazlisiun1saandsaieninudau

= a = el' = = =~ = v a a
ﬁﬂﬂm’iﬂﬂwﬂum@uw 1 -3 A8 ABUN 1 ANWILAELIUIHULNEUNAYDUNDNLUIANNUTU

A4 9 sioauURvesuNuidulaunaantlsfnudsmenuioudu aoun 2 AnwilaziSouiiieu

&2 = Y o 1Y £%4 - = " 1 ¥ o v (8% 14
enastiluenansnanubidmiunisidauiensnyivingu lieugialrmhluldusslevdimunise

Lidnnsdllaqsau Snvvinudividauwlasiion wazseeg1sdedadivesenaisynasaninisunlule
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NAYDINTLTONIBIMBNTATATIATNAUTNTUAN ) NapauTRvesauTauraanutsdnLUs
MmEANLToUTULALIIIBNLINAN WAy naull 3 AnviuaziUSeulfigunaresasiugegaunIdan
nsalnalpdnyuTunurg « NdeautRvesianlaunaainiieinuusneanuioutiulaziiion
o A = )~ Ya Y Yo | A s a a wa Aaa ]
LINANTINUNSWRNYINIBAT NeEITeladuauUaunandaudRlaesunananluwiay
mauLNIsAnwaziUTsusuAUL T lEUNSILUSANLSOUTY [DANYIIANULANAS
vaaudaiunisanuUsuazudeilidiiunisdaudsaieauseutu lneiansamg ity Ay

a

Duwdn dugninen autfnugeui audfidena waznsenudeqdunsd
4.4.1 wan153pssilassaiavyileiduiaemeaiia ATR

msfnulassai myiladtumaniidheimada ATR Wiofinwinraunnsswomy
flsfduresuiuildaDnunafiidmyssneuvs sl uteg i senulsasnudeuty Tng
MNNANSNARBINUIRUTISN T auaaT daerUseneuawdariunisinulsereanudouiy
(HMT-30BSM HMT-30BSM-0.505A 182 HMT-30BSM-2.55A-15GA) 1@ vnd uil sumni $9es
OH-stretching LadeulUSuavedufigetuioSoniouiuuruiidslnunaiiussnaudoutisils)
NTUNISFRLUSHIEAIEauTY (NST-30BSM NST-30BSM-0.505A L% NST-30BSM-2.55A-15GA)
Feonainannsaasosilmivesiusylslasuneslulnssaiimewiuiidalauma (Kondo et
al. 1994; Fukuya et al. 2017) §vdanadosiui1uisovasunufiduarnndsndaende
(Musaparadisica L.) fidaunissiaudsanemauseutunuinmendinisdaud sieninuseuty
dwmaliinnsussisonnoluwiuilduutisnady (Viana et al 2022) agaslsAnsnisiauusud
Fropufeud udadunisdauysudeiianssuaunsnianitsnin- kidwadonisiasuna

Imaa%’ﬂwaﬂ'ﬂaﬁ%ummﬁmaqLLﬂ@ﬁuﬁmwé’ﬂ
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HMT-30BSM
b
\ NST-30BSM i Y
| A\
1 V
—_ : HMT-30BSM-0.50SA '1
\° | : ! |
e | - I
ot ! NST-30BSM-0.50SA 'i
L 3290 i / E .
= ' HMT-30BSM-0.50SA-15GA ! ' h
:‘é 1 \3\301/ | gevy Sq :1;965 ::
7 \ | . ‘\L 3 I’T \"'\ :'
= 3299 4 x \ Lo o M T
= & a e | NST-30BSM-0.50SA-15GA, | N b
; \ l 7 : i = 3 : L 1 Iv :'
3309 "\ Vo AR B
N =7 1 1 i
| ! o ¥ : \ Iy
' 1219\ ¥
3305 | 408 1646 l
1414 3
[}
ul 005
1035
T I T I Ll I Ll | L] I T I T
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Wavenumber (cm™)

5UN 4.20 BuvisspadnniuveskuiiduUaunanidiuysgneuamnidaiudilenasiniunisen

wUswaglukunsenndsanedsnislap NSy
4.4.2 {an15IASITRUSUIURNANA8WALA XRD

PNNTNAdDURILMALA XRD mmiaLLﬁﬂﬁWLLWiﬂImLLﬂiué’quﬁ 4.21 wuiiidl
aefUsynovvealudend il HaunnsfauUseenndeutiu wansing 26 & furus
22.8° § sgonnd o ulaseas1manvesenanval voaonuuedn (Thessrimuang and
Prachayawarakorn 2019b; Nazir and Wani 2022) ukuflaudauua NST-30BSM NST-30BSM-
0.50SA Wag NST-30BSM-0.50SA-15GA A1A1UL I UNA NN AU 24.26 25.04 Lay 24.98 %
audy  Tnswduildudaunadiuszneudeudaiuduzudiniunssaudsereanudeutu
LARITING 20 sunds 17.2 wae 22.4° Jsaenndeiulassadnawdnydn B vaeutl (Pan et al.

& a

2018) neAnudundniiganitveswnuidutaunaiiuseneumenduiuduzndafinaunisan
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wUA28ANNSBUTU 91LARIINTAS BedvalAssas 1Al A Lulassasandnailea B T4

#9AAABINUIUITBVDY Chaya and Prachayawarakorn (2021)

Intensity (a.u.)

17.29 22.4°
i,
WMM HMT-30BSM
WM L NST-30BSM
" : M n, - WMNW“"‘WWW!‘ ey
VMWWW by we o HMT-30BSM-0.50SA
v T\
- MWWWWW i . NST-30BSM-0.50SA
wpred ‘ = ah \ e M%W*HW%MwaWWwW"'\'W«
ey T Nl 7 Fen HMT-30BSM-0.50SA-15GA
P P ? y et g
o) NST-30BSM-0.50SA-15GA
e Sprpaney S Wy )
T : T i I ' | '
10 20 30 40 50
2Theta (degree)

JUN 4.21 Avlunsnlnunsuvesuiuiau Uawnanilamudsenauainiiiiunsaawysiag Lis1uns

fnkUsA8ITNSIY AL DUTY

4.4.3 NANITAATISREUFIUINB M INATIA SEM

INAIMALNIARAVINVBIHUAALTA LN aTT YTz naUINNNIUANSAaLUSkas Ta[u

M3 iEnnsldnnudentu :1nguR 422 waasliiuinduguine veausiuildudausa
NST-30BSM NST-30BSM-0.505A @z NST-30BSM-0.505A -15GA laiilnynumnsinsiiagsdatou
Lﬁ@LU%SULﬁSUﬁU HMT-30BSM HMT-30BSM-0.50SA ey HMT-30BSM-0.50SA -15GA 6'?J,!\ﬂLLE‘iN

WUIINTEUIUNITAITARLYsWTIR8 AU auTuluinas alasas19vewds (Gunaratne 2023)

= 1 a a Y  a a i o & )
LUEN"\]’]ﬂiﬂﬂinguﬂq{LNNﬁqiLﬁquLﬂ‘EJ']GU'E]QNLW‘EJQLLﬂﬂ'ﬂqﬂJﬁauLLagﬂfﬂllsﬁ'uwnuu
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(n) HMT-30BSM

(m) HMT-30BSM-0.50SA-15GA

3

Ul 4.22 pmdnganadavse LA T auNaTa U UAL T ALNAT T Ul sEne U N TisY
nsdauUsuagliinuntsdauysiieisansldmuiondu (n) HMT-30BSM (1) HMT-30BSM-
0.50SA () HMT-30BSM-0.50SA -15GA (4) NST-30BSM (3) NST-30BSM-0.505A gz () NST-
30BSM-0.505A -15GA
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4.4.4 NANISNAFIUA DANUAAIMIUVIUUI: AAEIULIA NISUIUAD BAZD NS

] %
AsFUHIUVLaUN

€

Y ] Y v =

InmsnagevaNtinuYoutn Tun dadiuea nSUIET LaSRIINTTURILVES
lothlneUouiteussninauruiidudaunaiildiunauvewilfinunsanulsareaudoudy
1AA HMT-30BSM HMT-30BSM-0.505A tiaz HMT-30BSM-0.505A -15GA Auttulaudaua
Ffldunauvetafildiiunisaaulsdroninudouty Taun NST-30BSM NST-30BSM-0.505A

iz NST-30BSM-0.50SA -15GA ‘?i!QNaﬂ’ﬁ‘Vlﬂﬂ’eJ‘ULLﬁ@\‘lﬁﬂWﬁ’N‘ﬁl 4.15 way 4.16

! % | a6 A a v d' [
PINNANIINAFBUNULN ammuwamaumuﬂamﬂmmawﬂazmaummﬂwlmmmi

[ £ k% & A o = Y @ J 1Lap 6 a [ 1 1 Y v A
faLUsMANUSoUTUTAE FalaadmuI TR uNaLTUaLNanINa ”Lummmmmlmuaag”lu

Tl =

annziifianitugs WewSsuiioufunriuTauna HMT-30BSM HMT-30BSM-0.505A uag HMT-

Gl

30BSM-0.505A -15GA ATl dnd 1149893 0A1aN9501UA1SASFAR N7 el 9191 AR9INNN5T
wiuildudaunaiusyneusleutafitunsiaudsaganudoutuilsunsnseissnineansly
wodlesmerusslalasiaungenil uazasnadsstunanimegeuvy il sidumaadifidnng
\ndpuiivesiuviarasiia OH-stretching ldaaunduiiganin (UA 4.20) TasmsiAnuse
lelastoussninsengldnedimesansamdsnilfinenissadoaimaniingy Ssaenndesiuna

a s I~ = Ql' oA 6 a A A [ [ v
N5 1AIEAANUTUNE NN BNUNAUTALRANTAIUUSENDUIBILUIN HIUNISAMLUTAIEAIIUSOU

guilraudundniigendt (Ui 4.21) wasdionnulundnvesuruiauUaunandAgaui i

(%
[ 2R 1Y 1

Tiluanavesdraiunsounsndangalasadsvasuruidudawnalaenyy dau Adndiu

[
A = A 1 1

198D ILNUNA LT AN AT T09AUTENBUTD TN IUNITAALUTA18ANNNFTDUT UL AIUINAT

TurhusadeNuiUAINISUILAILALDMTINISTUNIUVDI LU UBILHURRLT ALNaN TP UTENBU

¥ '
N aa 1

Yoautlsfilun1sAaulseasnI TS o Ut ARAINAANT1 NST-30BSM NST-30BSM-0.505A Wa
NST-30BSM-0.50SA -15GA 31ARAN1SYIAADIRDAAR0INUILI8U89 Viana and Oliveira (2022)
Fvimsmeasinansavesnstusuredethvesuiduanutlandlendrenuima win
Mseaudsuilsdieaudouty uhuilduiimuaiunsalunisduniutianas 3se1atingn
SumsAsenfifdunseussseninsvadluanadiii vl uvesukuiisuudandaondns uenaini
AuENsaluNsaraneTve ULt angre g ik unsFaLUsEeaSeuTuTiuua Ty

ANAINRIIINNITAALUTWUIAIBANUTBUTU



Y 1

83

AN5199 4.15 ANFRAIULIATINIAY 24 TIlNIWALEATINISTUNIUVEILeUNANET 7 JuvaalNui Ay

Yaunanildiuusznauanniniun1seawlshas lirun1seawlsaedsnsioausaudu

ueuRduUauNa Hndautaa (%) msduriuveslo (g m? day™”)
NST-30BSM 12.22 + 0.55 693.43 + 4.98
NST-30BSM-0.50SA 2392 + 221 502.41 £ 5.76
NST-30BSM-0.50SA-15GA 38.19 + 3.52 489.16 + 3.09
HMT-30BSM 18.38 + 1.92 619.75 + 7.60
HMT-30BSM-0.50SA 30.05 + 6.52 427.40 + 8.02
HMT-30BSM-0.50SA-15GA 50.26 = 0.15 410.87 + 6.11




A15199 4.16 ANNISUINUITNGAN 1-6 kA 24 IV UNALTALNAN]

sl usoutuy

aAuUsznaunNNnunNseaLUsHaz lUN1un1TAARUSAe

84

1981 (F1u4)

wHUUALNG
1 2 3 4 5 6 24
NST-30BSM 630.92+6.32 | 712.27+14.99 | 723.84+20.34 | 726.95+17.55 | 704.99+12.03 | 713.85+23.22 | 691.93+20.83
NST-30BSM-0.50SA 420.43+10.92 | 439.03+18.43 | 445.62+12.04 | 449.12+20.32 | 453.76+21.55 | 448.21+16.30 | 431.13+24.06
NST-30BSM-0.50SA-15GA 293.54+9.35 | 301.33+12.91 | 318.56+14.98 | 316.09+15.87 | 317.42+9.24 | 323.82+15.28 | 335.93+13.11
HMT-30BSM 513.44+1.79 | 589.28+16.72 | 599.54+15.62 | 595.13+13.45 | 587.65+16.89 | 585.80+22.15 | 569.99+0.43
HMT-30BSM-0.505A 2804.52+16.56 | 295.53+11.78 | 303.73+14.22 | 30159+11.45 | 304.06+22.15 | 302.98+21.98 | 374.12+11.52
HMT-30BSM-0.505A-15GA 158.25+6.39 || 161.87+12.34 | 170.11+11.89 | 167.38+10.76 | 168.79+20.78 | 178.91+17.12 | 185.24+6.09
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4.4.5 HANISNAFDUANUALYING

nnInadevaLTRIanave sk U dudaunanidiunanve suafiiunsiauUsae
audoudyu Taun HMT-30BSM HMT-30BSM-0.50SA kag HMT-30BSM-0.50SA -15GA U
wuRSuaunanidiunanveuteiilatunisiauUsaeanudenudy Taun NST-30BSM NST-

30BSM-0.505A 1Az NST-30BSM-0.50SA -15GA S9nani1svaaaunLandsanisned 4.17

ANHANITNAFDULAASIIUIMN LA LT A NAa N LTI ANIUNTAALUTAIE AU D UTY
lunngasiiA1nnuey o 99IgeNI1 IANenaaigend tazlliA1n1sdndl a 9avInidIndy

dlowSeuisutusnufaudauna NST-30BSM NST-30BSM-0.505A k@ NST-30BSM-0.505A -

[ 1
a = v a

15GA FamsifiuduvosArnauiiy o a;mmmﬁqaﬂdwmmﬁmmﬂﬂ'gmLﬂuwﬁﬂv{quaqmﬂwﬁw
nsfaudsutlaiennufeutu luivendeatutuaaruannsolunsind w geuaiiduty
TnenanisvaaouaenndostuAHanTRdy (3U 4.21) ilesaanunufidudaunaiisinuns
Faudsioanudeududnissnsesialnguesiusylelasiay anHansndeUaenad ey
ATouinsuanutiinuand (dude) Tkunsiaulssenudouty Mnmsvndey
autAdsnanuinuduilduandunauAinaun sEatUsseanL deutuiiaiue fausadna
g uilowdouisuiuuruiidaanudsillldnunnssawssagraimdoutu Fainonuded

HUASHALU SP8A NS UL TURSAS ETerIsdelgneaasNUNTU (Zareen et al. 2023)

ANS199 4.17 anUFAdeanavautuilantainanildiuysenauanniniun1saawlshaz iy

HUNSARUSA8AT NS IR NSDUTY

wHuHANTUAUS AULAY U 90V (MPa) | saqad (MPa) | n1sdada o 9A1A (%)
NST-30BSM 7.67 + 0.40 5332+ 1.70 16.67 = 1.57
NST-30BSM-0.50SA 8.11 + 1.66 26.43 + 5.32 2572 + 1.54
NST-30BSM-0.50SA-15GA 8.23 + 2.00 30.45 + 2.09 20.30 + 1.37
HMT-30BSM 9.31 £ 1.50 70.61 + 6.94 1217 £ 1.24
HMT-30BSM-0.50SA 9.91 +1.00 36.43 + 7.44 21.04 £ 2.93
HMT-30BSM-0.50SA-15GA 9.89 + 1.47 47.16 + 4.37 18.28 + 1.46
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AJUNANITILUATVDLEUBLUE

5.1 @yUNan1sIY

mAfedldhnsiulsrans nnveukuiidud aunaninud sudiUsndsiiiunis
FaunUsdieaufeud unamdonuusdn laedusmandonuusdnd 10 20 30 40 50 uay
100 %w/w nturhmadenrnmisaiidaensndadinfiusuta 0.25 0.50 war 1.00 %w/w
waziiudsyansnanlunisdudesduniddensalnaladndiuiana 15 20 uar 25 %w/w
MNMTRATIELayMIVAFRUANTRRNS 1 YewusuldaTaune aunsnazunanisiTelased

1. maiaudlonuasdnusngiiafidumds 1414 cm™ Wag 1596 cm! Gaiduiendnuaives
nsnglsinmuludlontsdnuaginisirdeuiivesitafishumsuasmyfladdu O-H stretching TUgf
funisfigiudasmnnsdndosilmivesiusylelasiau Tnevdsainnsdeutnemaniideg
nsasaddnlyusingialmiludunsiseaunnsy uifinsindouf vestad funis O-H
stretching TUgafuvisfigaiuiduiuusgmaiunsalnalpdndsngfialudves C-O stretching
(1219 cm™) wag C=0 stretching (1690-1750 cm™) Faduendnualvesnsalnalaan wvonani

geusIngiasiue 1735 cm? 989iuseLedves waziianisipdauivasiafifwiys O-H

[
=

stretching lﬂﬁﬁﬁﬁLLwﬁﬂﬁQQmu
2. nstiudlonuysdndsaaliaau D unanyosusiuilautaunadinfiud un U3
youilonuusdnidiutu aengdnnnnsdensnmiaaiisionsadadinasaliduualduay
Jundnanasdndooii 991518 83279 Uoneand nrsiinnselaalaanlddswas onas
Wasuwlaswosmainuunan
3. mstﬁmL:ﬁ'aﬂLLmé’ﬂaimaiﬁﬁmgmﬁmwaqLLr;Ju%?\lﬁm%LLmaﬁﬂawmmqmszLﬁmﬁumwm

'
I v A

USUNUVDILDNLUSANTIANTY IASVAIINAISIDNVINNILALAIENTATATLNNUINNIARAYIN

1S @ A a

22N LN ALV ALKNATANUTIULINTY kAANUTUTUVDINTATATTNTANNT UL NamaAUS8U

[
a v =

Yosunuidudauna uenaininsiiunsalnaladndwwaldldiuinnadnsnedianuSeuiy
wui Tneftmududuvesnsalnaladndl 25 %w/w dwalviusiuiidudnunaiinnuiFeuaniian

4. msudlonuusdndealiinisasunlamnaaiosnnnisenudeu Inendsanniiy
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WS EUAITATANUNIATATEN 1.25 2.50 kaz 5.00 %w/v Laan15azaansasagun 1.25
2.50 wag 5.00 ¢ Tui1ndu mua1eu warUsuUsunastila 100 ml vesudaranududy lneidle

WIBUTEWINMUIY %W/ Ly %w/w anunsauanslanuseazdenlunis1en n.l

A15199 N.1 ANS19%US UM BUUSUIUURINTATAT LA LURUIY %W/ U %w/W UBIUINLN

woRaSTmLA
aududuues | Usinawensadpdin | Usinawesnsedadin | USuiavensadaddniile
nIngRiin Tusnsazate 100 ml | luasazans 1 ml(g) | WSsuiisuiudminwed
(96w/v) () weiTavun 5 ¢ Gow/w)
1.25 1.25 0.0125 0.25
2.50 2.50 0.0250 0.50
5.00 5.00 0.0500 1.00

[

At oS suisuUSunadlunuag %w/y U89E15aEaNY fD %W/ W UBIUN LN NDAUDTNINUA

edUSUNUAel 0.25 0.50 wag 1.00 %w/w

2. nIswssyaITazatgnsabnalaanive e lunisyaua19nIawadl
WS EUAITAYANUNTATATUN 15 20 hae 25 %w/v Laen1saralensasagin 1.50 2.00
wag 2.50 ¢ Tuinau auardu-wazUsulsuinslils 10 ml vsdusiaganuidudy lnawdio3eu

FEPINNUIY %wW/V AL %w/w a@1115auandbanusigazdualunis1en n.2
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A15199 1.2 PsaUSeusuUSUIYeansa bnaladntunug %w/v AU %w/w VBIUNnTNNea

edTanun
arudidures | Uinameinsedadin | Usunamewnsednddn | USuimaeinsadaddniie
nsngpdin | luansazane 10 ml(9) | Tuansazats 5 ml (g) Wisuiisuiudminnes
(%w/v) weiRava 5 g (%w/w)
15 1.50 0.75 15
20 2.00 1.00 20
25 2.50 1.25 25

(%

Aty WiawSeurisuUsunalumuie %w/y Y99a158Ta%8 §1D %w/wW VBIUN NN NDAUDTNINUA

2AUSUUAIT 15 20 WAL 25 %w/w
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AMANUIN U

De

NUsTLILAIENTIIABLULLUY Rubric score §3delavinnsussiliuvianun 7 duds dedl
U1auvesansiily dunu A1Aae o 010 ANendd A1daduea Usvansaimlunisaiu

1
= Vv

Wegdunisd wazanuduiusowad anunsouaniseazidunlasil

a }'%

2.1 N5USLAUAANS IAALUULUU Rubric score VaINaNUakNANLYInALUSA2875n15 1Y

Ao A o A

AMUSUTUNT L DNLNIANTUTUIRAIS 9

.1.1 USunauadlionuagdnuasfiunu

' '
aa A v A

LuilgIDaunannEdsaudsineianistdanuseutuitiionusdniiusun 0.5 1.0 1.5
2.0 UAE 2.5 N$1 @WnUsEEUMEN S ASLULLUY Rubric score Laaadl USunauilonuusdn
Tu%790.5-1.0 1.1-1.5 1.6-2.0 Ba% 2.1-2.5 UATUUULYINAU 4 3 2 Wag 1 NaInu lagn1uualisian
duyuiinuuiniuiuuBnavesdieniusdnilliluisiasans sefumusouanssanislviazuuy

1Aeeanns19

A1997 U1 AITNLANHARZIULYBIUTINUYR e nuNsdnL Az uLARE gRs

wruanUauna | Usunaulionuusan (n3u) ALY
USunaudianuuedn AUNY
HMT-10BSM 0.5 4 a
HMT-20BSM 1.0 4 q
HMT-30BSM 1.5 3 3
HMT-40BSM 2.0 2 2
HMT-50BSM 2.5 1, 1
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.1.2 A1ANULAY Bl JAVIA

Ao a o A

wiuanUauuaanutlsinuusmeisnisldaiusoutuididioniausdniuTunasig o e
ALLAY B YAVIA LAAIAIANTIN 0.2 Uaganusauseidiunienisiingluukuy Rubric score
Loasll ArmAulugag 3.70 - 6.08 6.09 - 8.47 8.48 - 10.86 uaz 10.87 - 13.22 MPa dAzuuu

WINAU 12 3 WaY 4 AUAPU AINUANLNSOLEARINANIS AR LU LARINITI

A15197 V.2 MSIUENINAAL LUUTDIAIAINLAY Bl Q@%’]ﬂiﬂLL@iﬁ%Q(ﬂﬁ

wHUHANTAUKE | A1AULAYL B4 AU (MPa) AZLULY
HMT-10BSM 3.170 1
HMT-20BSM 6.02 1
HMT-30BSM 9.31 3
HMT-40BSM 11.68 q
HMT-50BSM 13.22 il

2.1.3 AN

Ao a o A

uusLUaukaanutlssnilsmeRsnsldmnuiaurundidlonuusdnnysunaeis e
UNAE wAAIAINIINN .3 wasalnisauseiliumenslingluLLuY Rubric score lanail A
AMULAUIUYIY 34.55 - 46.79 46.80 - 59.03 59.04 -1 71.27 Wway 71.28 - 83.52 MPa dAzLuu

WINAU 123 WAL 4 aUaeU SUAINSOLERINANIS RskUElAR RIS

A15197 V.3 AISIIUENIWAASLUUTDIAIAINLAT B @@"UW&ULLG@%QW?

IAVEHA LTI ANMIBARE (MPa) AZLUY
HMT-10BSM 34.55 1
HMT-20BSM 46.44 1
HMT-30BSM 70.61 3
HMT-40BSM 76.01 4
HMT-50BSM 83.52 4
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9.1.4 AFNEIULRA

wiuanUauuaanutlsinuusmeisnisldaiusoutuididioniausdniuTunasig o e

v
v A !

LARALANITINT197 0.3 uazasaUssiiusensliazuuLLUY Rubric score 16t Aranny
WUlWde 7.44 - 16.33 16.34 - 25.23 25.24 - 34.13 uag 34.14 - 43.02 % dAzuuuviniu 43 2

WAL 1 ANUATIPU AINUANNTOLARINANIS AR LUULARINITI

A15197 V.4 ANSIUEAINAAL LUUTDIAIAINLAY B ’*QWU’]@IULLG]IEﬂ%QGﬁ

ueuAaNUauNE AdAdIURA (%) ATLUY
HMT-10BSM 43.02 a
HMT-20BSM 30.18 g
HMT-30BSM 18.38 2
HMT-40BSM 14.37 1
HMT-50BSM 7.44 1

9.2 N15USLIURIEATS IAAZUULUU Rubric score Ya9Naudaunaantdananlsale3snisly

AU UTUNT T DNUAIAN LAY BNYNINILATA N TAYATINAUTUIEUAS &

9.2.1 USUIUU8INIAIATUNLA AUNY

Ll

LAUAAUT AN AL TIA ALUSA 87T NSITA21U5 D UT U NEN LT aN WU NLaLLTY Y

A A

YINNBANALNIALATUNNUSUI 0.25 0.50 way 1.00 % a1u150USZLUAIUNITINAL UYL
WUU Rubric score banatl Usu1aunsad a8 unlue29 0.25-0.4375 0.4375-0.625 0.625-0.8125 WAy

0.8125-1.00 AATWUUWIIAY 4 3 2 kag 1 AE1ay tnemvualisaidunuiazuuuviniuiy

=

USunaveansadndinililuwdargas dnluanansatanmanislinziuulanmsns
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M13199 .5 MIUERIHAATLULYRIUTINMYB Lo nLazAu Ul uLAL RS

uriuNauTUauua Usuunsadndiin ATLUY
(%) Ysuaunsadadiin AN
HMT-30BSM-0.255A 0.25 4 4
HMT-30BSM-0.50SA 0.50 3 3
HMT-30BSM-1.00SA 1.00 1 1

.2.2 AIAINLAY Dl AVIN

W UR LT AkHAINLU A ALUSA 1835 A5 AINS DU UT N AL DN LUIE NLAL LY Y
YINNBATAIENIATATIAAUTUINATS 9 LANANUAY -TAVIA LAAIRINITNA V.5 Lay
a11150UsEL UM ENIS IR LU ULUY Rubric score 1agatl Anatuseuluag 9.77-9.805 9.806-

9.841 9.842-9.877uaz 9.878-9.91 MPa ALUUIYNAU 12 3 ha¥ 4 MUa U Farua1uise

LAANHANIS AT UULARINIT19

A3 V.6 FITIILARINAASILUUTDIAIAINLAY ﬁ;mmmiul,wiasqm

wiuanUauug ATATLAY B AAVIA (MPa) ALY
HMT-30BSM-0.255A M 1
HMT-30BSM-0.505A 991 2
HMT-30BSM-1.00SA 9.81 g

9.2.3 ANNONRH

wiuianUauuaanutlsinudsmeisnsldanudourundidionuasdniuTunasig ¢ S
UONAE WAAIAINITIIN .3 wazarunsaUsziliusen1shinzuuuwuy Rubric score Al
AMULAULUYIG 30.45 - 32.95 32.96 - 35.46 35.47 - 37.97 uag 37.98 - 40.44 MPa fAzuuy

WINAU 12 3 Wag 4 ANUAU AINUANLSOLEARINANIS AR UL LARINITI
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M99 V.7 1T NUANIHAAZUUUYBIANBAGA lULAaTanS

uRUANTUALNA AN1BARE (MPa) AZUUL
HMT-30BSM-0.25SA 40.44 4
HMT-30BSM-0.50SA 36.43 3
HMT-30BSM-1.00SA 30.45 1

9.2.4 AENEIULRA

LU duTautaanud aausdre3snisldrnudeut udinauionuusdnuavidoy
ynaniisnensadadiniviinase 9 lasendaiansisnsied v.3 waganusaUsziiuig
nslRziuLLU Rubric score gt Armudulugg 28.9 - 33.135 33.136 - 37.37 37.371 -
41.605 Way 41.606 ~45.84 % SATLULYIAY 432 tay 198y fituanssananinanisly

ALLUULARINI9I9

M191991 9.8 AT NUAAHAATULUUYBIANAIIUAY ) IAVIALULAGLENS

uruNauUaLNE ANAREIURA (%) ASUY
HMT-30BSM-0.255A 28.91 1
HMT-30BSM-0.50SA 30.05 1
HMT-30BSM-1.00SA 45.84 4

a v

9.3 N15USLLAUAWNIS IAALLUULUU Rubric score VaINauUauNanLdanaLUsa835n151Y
Ao A o oA

AUSAUAUNTLDNUNNEN WaNVINNIUALAIeNIATATLNLALHEIAUYaAUNIIINNIA

lnaladnfinnududunng

v.3.1 Ysunawasnsalnaladnuazduyu

& a

LNUAR LT ALNAINLTIFALUTAIEITNNT AU DUTUN NAULIDNLUNAN W aUVINING
wilsiunIndadinuazlansiiudedunidannsalnalainfiainududy 15 20 wag 25 %

a131150U5EL T UA 8N IAALLUULUY Rubric score bARall USUNaUNsatASONtUY9 15.00-17.49

17.50-20.00 20.01-22.50 kA% 22.51-25.00 AALWUULYVINAU 4 3 2 WAL 1 ANUAINU W8iINUAtAsIAI
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Aunuilaziuuviniuiuysaveansadnainiildluusazgns duluaiunsananinanisivinziuy

1a@anns19

M19199 V.9 ANTNUANKNAAZIUUYBIUTINUYBLBNUIINIazAu Ul ULARZ RS

ueluRauUauNa Usunansalnaladn AZIUY
(%) YSunaunsadadiin v
HMT-30BSM-0.50SA-15GA 15 4 4
HMT-30BSM-0.50SA-20GA 20 2 2
HMT-30BSM-0.50SA-25GA 25 1 1

U.3.2 AMANULAYU 84 AVIA

R UNANT A LNAINBUIAABUTA 183 NITIANUS DUY UT NANLT DN BUSE NLAL LY Y
YINNIWATAEATATATINN UTUIUAS 9 LATRIUAY A 9AUA LEAIRINITNA V.5 Lay
A11150UsEL UMM IAASLUULLUY Rubric score Tasadl ArA1usAuluga9 9.89-10.28 10.28-

10.66 10.66-11.04 wag 11.04-11.42 MPa SRgiuuinfy 123 wag 4 audIdu §auaine

WARINANIS AL LU LRGN

A151991 .10 AT IUENSNARE LUUVDIATAILLAY B @@%WWIULLGiﬁ&jGﬁ

wiudaNUAUAS AIANNLAL B AAVIA (MPa) AZLUY
HMT-30BSM-0.50SA-15GA 9.89 1
HMT-30BSM-0.50SA-20GA 11.25 4
HMT-30BSM-0.50SA-25GA 11.42 4

9.3.3 ANNOAAH

wiuanUauuaanutlsinuusmeisnisldausoutuididioniidniuTunasig ¢ a0
Unda wandRIn1g1eN 9.3 wazarunsaUseiliusien1slinewuuwuy Rubric score tarail ¢
ANUAULUYIS 47.16-49.60 49.60-52.04 52.04-54.48 uay 54.48-56.92 MPa fAzduuviifiu 1 2

3 LAY 4 MUAIAU AIUUEILITOLEASNANIT AL UULARINIT1
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M15197 V.11 AT NUARINAAZUUUYBIANBAGA LA ERS

wHUAANTAUNA AN31BARE (MPa) AZUUY
HMT-30BSM-0.50SA-15GA 47.16 1
HMT-30BSM-0.50SA-20GA 56.17 4
HMT-30BSM-0.50SA-25GA 56.92 4

9.3.4 ANENEIURA

LN UA A UTARKNAIN BT IR ALUIAI8TNITIYAINIUST DUT UT NEULL DNWUIE NLAL LT DY
YINNUATMENIATATINAYIU AR o Tesondaianiansed 0.3 waganuisausuiiiume
AMSIAZIULLUY Rubric score Lansll A1 1usAuluga9 28.9 - 33.135 33.136 - 37.37 37.371 -

41.605 Wy 41.606 - 45.84 % LASWUILYINNU 43 2 hay T AIUAINU AILUANLISALEASNANIT A

ALLUULARINI9I9

M19199 V.12 MTNUAAINAAZIULVBIAIAIILAY Bl AV IRLULAAEERS

ueiuauUauna ANAAAILLIA (%) ALY
HMT-30BSM-0.50SA-15GA 28.91 1
HMT-30BSM-0.50SA-20GA 30.05 1
HMT-30BSM-0.50SA-25GA 45.84 4

a =

¥.3.5 AUsEANSAINNN TG EAUNSE

W UR AT AkKa NI ALUIA83 TN IYANUSDUT UT NELLT DN LUIE NHAL LY DY
YINATAIENIATATUNNUTIINAN. 9 TAIN15ANAIVDUTBIAUNTIUANINITIN 2,13 Uag
a11150UsELUMENSIAAZLUULUU Rubric score tondall 0-25 26-50 51-75 wag 75-100 % i

ASLUUWINAU 4 3 2 1Y 1 AUAINU AITUAILITORARINANIT AL WU LAGIR1T1
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A15197 V.13 AT IUEAINAAZLUUTDIAIAIIULAY B ag@smmiw,wiazqm

wHUAANTAUNA ANNTANANTETaqAUYEE (%) AZLUY
HMT-30BSM-0.50SA-15GA 100 a4
HMT-30BSM-0.50SA-20GA 100 a
HMT-30BSM-0.50SA-25GA 100 4

%.3.5 AN1559ATINVBNLYAA HaCat

wHuAaudaunaanwlanaunlsaeasnsldnnsout un naul o NLUNA NLaZ LT ou
PNUATIINIATATINNYININATR 9 UAINITTOATINVONTAR HaCat LEAINITNT 9.14 Uag
aunsaUszdiumenIsiiaskuukuY Rubric score Ingdnedemnusnnsgnu IS0 10993-5 seulidn

| aa saa i Y b 1 @& a1 . WA N
ANNTIDAVINVDILARNLAIUINNIT 80 % LLﬁ@Q?qqaﬂuu‘lNNﬂ'ﬂNLﬂu‘W‘H@]@L“Uﬁa ATNTIIDAYIN

o
U v A

UDIBLIENIN 60-80 % wanwidanuuiiauluiiviewadiantes An1ssenTintesetsening

9

v
C | a1

40-60 % kaniI1vaatuiiauidufiusowaduIunals kazAINISIERTINLAIMINT 40 % Wana

q

[%
[ o

Miaquuinnulufivnowadegniguuss lnemniien1ssendinginnil 80 % Jazuuuwindu
4 WNNABYIEYINN 60-80 % TALLULINU 3 WNA10ETEIIN 40-60 % UAZLUUYINAU 2 WAy

PNTUANRINNT 40 % HALLUWINY 1 MIUUANNTALEAINANTS RZhuUlaAnInI519

M13199 U.14 HITNUAMIAINNTTEATINVBUTAA LULAREFHT

weuNauUauua AIN1330A330 (%) AZLLULY
HMT-30BSM-0.50SA-15GA 90.99 4
HMT-30BSM-0.50SA-20GA 92.11 4
HMT-30BSM-0.50SA-25GA 91.72 4

1NNFVNNNTUTELIUA NS EAALLUULUU Rubric score ¥89%11%149 3 ADU A8 MBUN 1

AnwuaziUIsufisunavoudlonuiNanusuiunig o aeauifvesiuuiaulaunaainudsn

a

WUTAEAUSDUTY MOUN 2 ANYILAZUSIUNEUNATDINISBULLIAIENTATATUNTAINULNUY

! Aa wa a6 a Y] v Y & a ) ‘:4'
A 9 WNW@GMUWT@QWﬁNU@LLNaQ’]ﬂLlﬂjﬂ@@LL‘Ui@nUﬂ?qﬂiau%uuagl&@ﬂu&ﬂaﬂ LaZMDUN 3

a

AnwvuasiUSeufisunavesasiudiogdunsgannsalnalainiinududusng 9 deaudfves
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WaLUaunaanudadnuusneauTauTULaLENUIENINIUNTWRNYINVAAT aunsaasy

[

f M4

She

—s

M151991 .15 ajuAzLuuLUY Rubric score Yasilautnuraannudennulsagianisidninusou

(%

PUNTLDNUINANTAUTUIUANY 9

Yswnaudien | dunu AULAN | UaRaE | AdRdIu | AZUUNIIY
wHuNANUALKE WAN M IAVIA Y8419a
HMT-10BSM 4 1 1 q 14
HMT-20BSM 4 1 1 3 13
HMT-30BSM 3 3 3 2 14
HMT-40BSM 2 a4 a4 1 13
HMT-50BSM 1 4 a4 1 11

M19199 .16 AFUATLULILUU Rubric score vasilautaunaaniliauysmeisnislinusou

FuNTansanLaL DN IV IATMEATAYARTINTIUSUIEUAN

US| dunue | AAU | uandd | AldREIN | AZWUUSIN
AV R TG Wannsn o AV BN
YA
HMT-30BSM-0.255A 4 4 1 4 1 14
HMT-30BSM-0.50SA 3 3 2 3 1 12
HMT-30BSM-1.00SA 1 1 a 1 4 11




A157999 ¥.17 aguAzluuluy Rubric score vasflauUawnadnilennulsnieisnislgnnusoutu

2D

Tnuagiansiudeduvsdannsalnaladnfianadudiusing g

'
aa A

NULUBDALLINAAN LY

'
[ s

o

Ay

Usuna | dunu | Anady | wenad | A1dadau | MIanag AZUUUTIY
wHuAANTauNA \Wannsa al AV ENRE V99 Nusawas
Inalagn Wogauv3d
HMT-30BSM-0.25SA o 4 i 1 1 a il 22
HMT-30BSM-0.50SA 2 2 4 4 1 a a 23
HMT-30BSM-1.00SA 1 1 a4 4 4 ! il 19

110

DUVINMLATAILNIATA
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AMANUIN A

Transmittance (%)

1005
T T T T T T : T g T E |
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

g‘dﬁ A.1 dunsIsaa NS UTDIHUN AL ALNE HMT-0BSM

Transmittance (%)

1005
T J T ’ T ¥ T ' T v T

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

sUfl A.2 BursisnanmSuvesusuiidUnuna HMT-10BSM
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Transmittance (%)

5 I . I > I ; I . I 4 A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

U 7.3 Buns1isaaunnsiveausuildaDausa HMT-20BSM

Transmittance (%)

1035 1005

! ] 4 I ' I ! | : I ! I
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Uil A.4 BurssaaUnnsiveausuidUauna HMT-30BSM
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Transmittance (%)

5 I . I > I ; I . I 4 A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

U 7.5 Buns1isaauansive s Dausa HMT-G0BSM

Transmittance (%)

1035

! ] 4 I ' I ! | : I ! I
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Ui A.6 BurlssaaiUnnsiveausuAidUawNa HMT-50BSM



Transmittance (%)

5 I . I > I ; I . I 4 A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Ul A.7 Surls1isaaiUnvSuTeuHuALTAsHA OHMT-10085M

1646 1596

Transmittance (%)

1035 1005

- : : :
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Ui A.8 BurlsisaaiUnniuveausuilaauna HMT-30BSM-0.255A
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Transmittance (%)

5 I . I > I ; I . I 4 A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

g'ﬂﬁ 7.9 DUNTUIAAUNNTUVDIHUTANUALNA HMT-30BSM-0.50SA

Transmittance (%)

10351005

. . : : , .
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

sUfi A.10 BussnainmSuvesusiuiidalnuna HMT-30BSM-1.005A
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Transmittance (%)

1035 1005

5 I . I > I ; I . I A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

sUTl A.11 BursnanaiUmSimesusuiiaalnunea HMT-30BSM-0.505A-15GA

Transmittance (%)

1035

1005

T T : T g T ' T g T y T ’

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Ul A.12 BursisaaiUnmSuvesusiuiidanuna HMT-30BSM-0.505A-20GA



Transmittance (%)

5 I I > I ; I . I 4 A
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

SUT A.13 Buristseasnnsuasuduiidatiauma HMT-30BSM-0.505A-25GA

1646 1596

Transmittance (%)

1035

\005

' 1 I ' I ' | ' I ' 1 '

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

U A.14 BurlssaaiUansuveausiuildlauna NST-30B5M
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Transmittance (%)

1035

\\]005
T T

; T T Y T ; T : T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (¢cm™)

Ul A.15 BunssainnsuvesusuiduTiaung NST-30BSM-0.505A

&
LY 1735 1646
54
=
8
E
wn
=
]
|
=
1005
; , ; : . , . , : : 2 , :
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

a6

Ul A.16 BurlsisaaiUnmiuvesusuiidsTausa NST-30BSM-0.50SA-155A
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AMANUIN

.

T
80 Step -8.7800 %
-0.8587 mg
604 Residue 91.2157 % Step -76.9245 %
8.9209 mg -7.5232 mg
Residue 14.2989 %
104 1.3984 mg !
20-

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 °C

1°C | .
s sy A Im ‘

Integral -3.65 mgs°C*-1
-0.0057 normalized -0.37 s°C-1

Onset 38.52¢°C

Peak 84.33°C
-0.010+ Endset 142.97=C -40.49 mgs°C*-1

normalized -4.14 5°C*-1
Onset 295.47°C

0015 Peak 31833 °C

Endset 341.31°C

40 60 80 100 120 140 160 180200 220 24D 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 °C

U 9.1 TGA Uag DTG eslaunsuesusduiidatiouna HMT-0BSM

%o

]
| tli‘ St 59.821
| Step 132731 % B L -6.359021::

T

L4109 mg Step 102031 % P Residue  16.6158 %
4 Residue  86.7073 % 10846 mg R 1.7663 mg

92170 mg Residue 76.5042 % Y

8.1324 mg
40+ \
\\ﬁ

20_ j—‘r—‘—_h‘—v —— 1

I T S e A B . e e T T S e e SO
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 °C
1/°C

] VP

0.004- Integral -6.22 mgs°C"-1 ]nugrul_ -0.82 mgs°C"-1 Integral -21.33 mgs°CA-1
normalized -0.59 s°C*-1 normalized -77.05e-03s°C*-1 normalized -2.01 s°C*-1
Onset 42.61 °C Onset 192.56 °C Onset 261.36 °C
_0.006. Peak 8533 °C Peak 219.00 °C Peak 300.83 °C
Endset 124.41 °C Endset 234.34°C Endset 332.86°C
-0.008-
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ABSTRACT ARTICLE HISTORY
In order to improve the behavior in water and the mechanical prop- Received 28 May 2024
erties of heat-moisture treated starch, natural basil seed mucilage Accepted 9 June 2024
with-high hydrophilicity and crystallinity was incorporated for wound
dressing application. In addition, succinic acid' cross-linking was used
to enh.a‘nce the durab_ilify of _the material in water and-glycolic acid catDmdgate polynily:
was utilized as an antimicrobial agent. The effectiveness of the cross- natural gum; Physically
linking' process could be ‘observed from the significant increase in' = ‘modified starch; wound
dimensional stability from higher gel fraction value and increment of dressing

mechanical properties. Furthermore, the incorporation of glycolic

acid into the wound dressing films demonstrated antibacterial effi-

cacy, resulting in 100% bacterial reduction against S. aureus and

E. coli strains. These films exhibited low cytotoxicity toward human

epidermal keratinocytes (HaCaT) cells, indicating. their potential for

biomedical applications. Moreover, functional group analysis, crystal-

linity, morphology; thermal properties, gel fraction, water vapor

transmission rate, free swell absorption, and mechanical properties

were also.examined.

KEYWORDS
Alpha hydroxy acid;

1. Introduction

Fortunately, advances in research for wound dressing materials have received great
attention. Wound dressings serve for the purpose of cleansing, covering, and safeguard-
ing wounds against external factors.""! They can be classified as traditional and modern
wound dressings. Modern dressings have been developed to enhance biocompatibility,
degradability, pain relief,-and moisture retention properties. There are various contem-
porary dressings that are commonly employed in clinical settings, such as hydrocolloid,
hydrogel, foam, and film dressings.!>! Synthesis and natural-based biodegradable poly-
mers, specially starch, have been widely used for dressing applications.'**’

Starch stands out among biodegradable polymers for its abundant availability and
cost-effectiveness.”’ Starch is a natural and biocompatible material that is derived from
plants, making it suitable for medical applications and reducing the risk of adverse reac-
tions in the wound site.”) However, the mechanical properties of starch may limit its
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Mongkut’s Institute of Technology Ladkrabang (KMITL), Bangkok 10520, Thailand.
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suitability for certain applications. Therefore, modifications are necessary to optimize
the properties of wound dressing materials composed of starch. Starch can be modified
through various methods, including physical, chemical, and enzymatic processes, to
enhance specific functional properties. Physical modification techniques such as heat
moisture treatment (HMT), heat application, shear force or radiation, have gained
popularity due to their advantage of not needing the introduction of chemical
by-products to the modify the starch.®

HMT has emerged as an interesting process for enhancing the properties of starch.
An intriguing aspect of this technique is its physical modification approach, without a
chemical use, leading to the non-destruction of granule starch.'®! It was mentioned by
Dutta and Sit ') that the tensile strength of HMT starch films increased from 3.50 to
7.60 MPa and the solubility of HMT starch films decreased from 17.60 to 10.50%, as
compared to native starch. The improvement of the mechanical properties of HMT
starch occurs by the molecular rearrangement of the amylose and amylopectin
chains.""”’ However, in wound dressing applications, the focus extends beyond mechan-
ical properties alone; fluid absorption and water vapor transmission capabilities are
equally important. Incorporating a highly hydrophilic polymer into the dressing formu-
lation can facilitate enhanced interaction with water molecules. Natural mucilages, such
as chia seed mucilage and basil seed mucilage (BSM), are one of the promising candi-
dates for this purpose owing to their intrinsichydrophilic properties."’

BSM consists primarily of glucomannan, xylan, and uronic acid, which contribute to
its hydrophilic characteristics, and the presence of these hydroxyl groups in the struc-
ture of BSM facilitates strong interactions with water.""®) Antimicrobial sponge hydrogel
wound dressings prepared from BSM have been reported to have a high degree of swel-
ling, in the range of 56 - 109. !"*| it was also mentioned that the swelling properties of
BSM/alginate/magnetic particle hydrogel beads increased with increasing BSM concen-
tration.!*) On the other hand, pure BSM film showed high water solubility."'*) Because
of high water solubility when immersed in aqueous media, dimensional stability and
degradation of BSM sponges were of concern.!"’) In many instances, good mechanical
properties and dimensional stability in aqueous and physiological environments are still
required for medical applications.”"®’ Therefore, the use of a natural cross-linker is a
good choice for improving starch’s limitations. Natural cross-linkers, such as carboxylic
acids, are readily accessible, odorless, environmentally friendly, cost-effective, nontoxic,
and biodegradable, recognized as green cross-linking agents to stabilize wound dressing
films.!'”) Carboxylic acids, such as succinic acid (SA), citric acid, and tartaric acid, have
been used for enhancing the performance of wound dressings.!"*")

SA, a dicarboxylic acid containing two carboxyl groups, exhibits the unique ability to
undergo esterification with hydroxyl groups. This distinctive characteristic enables SA to
serve as an effective cross-linker between polysaccharide polymer chains, as demon-
strated by Belay, et al.*8l who fabricated agar/bacterial cellulose composites with the
incorporation of SA cross-linker. Their results indicated a decrease of swelling ratio,
from 804% to 558%, with the use of 5% SA cross-linking. Additionally, potato starch
blended guar gum film, cross-linked by 4% of SA, showed an increase of elongation at
break when compared with that of the non-cross-linked film.""” In addition to consid-
eration of the mechanical properties, in the development of wound dressings the
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incorporation of an antimicrobial agent is crucial to achieve a comprehensive range of
properties. Several antibacterial agents, mainly nano-metal oxides such as silver oxide,
zinc oxide, and titanium dioxide, have been widely used for wound dressing applica-
tions.?!~%% Apart from nano-metal oxides, glycolic acid (GA), which belongs to a cat-
egory of significant active substances in clinical dermatology, has a notable history of
use by dermatologists and skincare specialists for the treatment of various skin-related
disorders.*! GA, the smallest alpha hydroxy acid, is composed of a carboxylic acid
functional group and a neighboring hydroxyl functional group at the a-carbon posi-
tion.””*) GA also plays a critical role as a_membrane-active and oxidant agent, capable
of inducing cell membrane damage.!* Additionally, GA has exhibited antimicrobial
activity against both gram-positive (S. aureus) and gram-negative (E. coli) bacteria.””’’
In another report, GA was evaluated for use in irrigation solutions for root canal prep-
aration, demonstrating-a 95% reduction of E. faecalis (gram-negative) bacteria because
bacterial protein synthesis was inhibited by the GA-1**! Furthermore, GA was mentioned
to be biocompatible with HaCaT cell lines in an anti-aging bacterial cellulose
membrane. )

Our research described here was aimed to develop an alternative polysaccharide-based
wound dressing using BSM to improve the fluid absorption and water vapor transmis-
sion capabilities of HMT films. Besides, SA was utilized to cross-link and develop not
only the mechanical properties but also the dimensional stability of the material in
water. GA was also incorporated to augment the antimicrobial activity. Attenuated total
reflectance (ATR) analysis was used to evaluate the functional group, and X-ray diffrac-
tion analysis (XRD) was utilized to assess the crystallinity. The morphology, thermal
properties, gel fraction, water vapor transmission rate measurement (WVTR), free swell
absorption (FSA), mechanical properties, antimicrobial activity, and cytotoxicity were
also examined.

2. Experimental
2.1. Materials

Cassava starch (17% amylose and 83% amylopectin) was supplied by Tong Chan
Registered Ordinary Partnership (Thailand). Basil seed (43% glucomannan and 6.5%
uronic acid) were obtained from Tanya Farm Co., Ltd. (Thailand). SA, as a cross-link-
ing agent, and GA (high purity grade), as an antimicrobial agent, were supplied by
Acros Organics B.V.B.A. and Suzhou Cosmo Co., Ltd. (China), respectively. Glycerol
was purchased from Lab System Co.,Ltd. (Thailand).

2.2. Preparation of HMT starch

The condition to produce HMT starch was performed according to the method
described by Pukkahuta, et al.'*! Briefly, the dried starch was moisturized at 20% RH
with distilled water, homogenized for 30 min and kept in a closed container for 2h. For
the modification process, the humidified starch in the Duran bottle was heated in an
autoclave (Autoclave Model: JSAC-60, JS Research Inc, South Korea), at 120 °C, for 1h.
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2.3. Preparation of BSM powder

The dried and cleaned basil seeds were soaked in distilled water until completed swel-
ling. The swollen basil seed was lightly blended with a kitchen blender to shear muci-
lage from the seed. The mixture was separated by a centrifuge (Thermo Sorvall ST 8 R
Centrifuge, Thermo Fisher Scientific Inc., USA) at 9000 rpm for 2min. The mucilage
was then dried at 60 °C overnight.

2.4. Preparation of HMT-BSM films

HMT, HMT-BSM, HMT-BSM-SA and HMT-BSM-SA-GA films were prepared via a
solution casting technique (Fig. 1) using glycerol as the plasticizer (30%w/w of polymer
total weight). The HMT film was prepared from 5g of HMT starch in 250 ml distilled
water, then heated to its pre-gelatinization state at the temperature of 72 °C. The pre-
gelatinized HMT was poured into a polypropylene tray and evaporated at 50°C for
48h. To prepare the HMT-BSM film, BSM powder (1.5g) was initially immersed in
200 ml distilled water-and continuously stirred at 40 °C for 30 min. After that, the pre-
gelatinized HMT (HMT 3.5g in 50 ml distilled water) was poured into the swollen BSM
solution and then homogenized at 40°C for 30min. In addition, 1ml, 2.50%w/v of SA
in distilled water was added in the mixed HMT-BSM solution to prepare HMT-BSM-
SA films. Moreover, various concentrations of 5ml, GA (15, 20, and 25%w/v of GA in
distilled water) were added into the homogenized HMT-BSM-SA solution while con-
tinuously stirring at 40°C for 30 min. The solution was poured into a polypropylene
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J + G2X) (50°C 48 h)
L e
y / JY
HMT Starch HO Solution casting

2) HMT-BSM film L HMT-BSM solution
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t | (40.°C.30 min). [ /8020, 30miny (50°C, 48h) , |
——y >
- ' a » 4
St S —

/! R
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Figure 1. Preparation scheme of HMT-BSM, HMT-BSM-SA, and HMT-BSM-SA-GA films.
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tray and dried at 50 °C for 48 h. The SA-containing films were further heated at 150°C
for 10 min after drying to complete cross-linking.

2.5. ATR

The functional groups of a film were detected by ATR (IRTracer-100 Fourier transform
infrared spectrophotometer, Shimadzu Corp., Japan). The range of 4000-700cm™" was
the selected wavelengths for detection, by the accumulation of 64 scans, and the reso-

lution was set at 4cm™".

2.6. XRD

A sample was analyzed through an X-ray Diffractometer (Rigaku SmartLab, Rigaku
Corp., Japan) with CuK, (A=1.54A). The angular range of 20 =5-50° at room tem-
perature and a scan speed of 1°/minute were used. The percentage of crystallinity was
calculated using Eq. (1)

Crystallinity (%) = [Ac/Ac+ A,] X 100 (1)

where A is the area of crystalline scattering regions (20 =10-30°) and A, is the area of
the amorphous scattering region (20 = 5-50°).

2.7. Morphology

The cross-section surface of a film was photographed with a scanning electron micro-
scope (SEM) (LEO 1455VP, Carl Zeiss AG, Germany). The sample was cracked in
liquid nitrogen and a fractured sample was attached on an aluminum stub and then
gold coated before microscopic studying.

2.8. Thermal properties

A sample (approximately 10mg) was tested in a nitrogen atmosphere over a tempera-
ture span of 30 to 600 °C, with a heating rate of 10°C/min. This analysis was conducted
utilizing a thermogravimetric analyzer (TGA/DSC 3+, Mettler Toledo International
Inc., Switzerland).

2.9. Gel fraction

The determination of the gel fraction method was modified from the method described
by Hosseini and Nabid'? and Ajjia, Othman and Rosiak.”?" A" dried, square
(20 x 20 mm?) sample was cut, weighed and soaked. in distilled water at ambient tem-
perature for 24h. The soaked sample was filtered, dried, and the remaining weight
measured and then compared with the original dried film. The gel fraction percentage
was calculated by Eq. (2).

Gel fraction (%) = (Wo—W;)/Wy x 100 2)
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where W, and W, were the dried film weights of before and after the gel fraction deter-
mination testing, respectively.

2.10. WVTR

WVTR was determined by the dry cup method (ASTM E96). A film was glued inside
of the cup lid with 0.002 m? of the air contact area. A cup was used containing silica gel
with 1cm of air gap between the test film and the desiccant. The test cup was weighed
and then stored in the test box at a constant 75% RH by containing a saturated
solution of sodium chloride. The measurement was carried out every 24 h. for 7 days,
using Eq. (3).

WVTR = Am/At e A (3)

where Am is the weight gain (g) of the film sample per day (g/d); At is the time vari-
ation (days) and A is the permeative surface area of the film sample (m?).

2.11. FSA

The method for the FSA testing was modified from the absorbency testing model
(primary wound dressing testing methods).”"! A dried sample (20 X 20mm?), placed
on top of a sieve, was weighed before being placed on a water-saturated sponge and
the swelled sample was measured every hour for 24h. FSA was calculated
from Eq. (4).

FSA (%) = .[(M;— My)/Ms] x 100 (4)

where M, and M, are the film weights after and before the absorption, respectively.

2.12. Mechanical properties

A film specimen (15 x 100mm?) was conditioned at room temperature with 60 +5%
RH before the tensile measurements. A universal testing machine (QC-536M1,
Cometech Testing Machines Co., Ltd., Taiwan) was equipped with a 2kN load cell and
the tensile properties measured using a 50 mm/min crosshead speed and 50mm of
gauge length (ASTM D-882-02).

2.13. Antibacterial activity

The HMT-BSM-SA and HMT-BSM-SA-GA films were tested for antibacterial activity
according to the JIS Z 2801 standard. Two strains of bacteria, S. aureus (gram-positive)
and E. coli (gram-negative), were used for sample testing. The microorganisms were
inoculated on the samples for 24 hr. During this period, bacteria and samples were con-
ditioned at 37°C and 90% RH, the optimal condition for bacterial growth. After the
bacteria grew on the samples, the bacteria were extracted into suspension; then, the sus-
pension was plated onto agar plates. Before counting colony-formation, the agar plates
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were incubated for 24h under condition control. The difference between the initial and
final number of microbes was determined as percentage or log reduction.

% Reduction = ((B—A) x 100)/B (5)

where A and B are Log Colony-forming units (CFU) per milliliter of bacteria after 24 h
and before the testing, respectively.

2.14. In-vitro cytotoxicity

In this assay, HaCaT cells were used as a model to test the cytotoxicity of a film sample.
The film sample was first immersed in Dulbecco’s Modified Eagle Medium (DMEM)
and 10% fetal bovine serum. This mixture solution was filtered and diluted to 1000 pg/
ml. The HaCaT cells were seeded into a 96-well plate, and the incubated filtered mix-
ture was added along with 5mg/ml of MTT solution. The plate was incubated, and the
formazan dissolution was measured using a Biochrom microtiter plate reader (EZ Read
2000, Thermo Fisher Scientific Inc., USA). The absorbance at 570 nm was recorded and
the cell morphology was examined using optical microscope images. The percentage of
cytotoxicity was calculated using the absorbance values of the control group and the
treated group. The percentage of cell viability was then calculated by subtracting the
percentage of cytotoxicity from 100.

% Cytotoxicity = (A=B/A) x 100 (6)
% Cell Viability = 100 — % Cytotoxicity (7)

where, A and B are the absorbances of the control and test wells, respectively.

2.15. Statistical analysis

In this study statistical analysis was performed using the analysis of variance (ANOVA)
procedure with TBM SPSS statistics 25 software. Tukey’s test was used to measure the
differences among the means. The significance level was set at p < 0.05.

3. Results and discussion

The possible interactions of the two polysaccharides (HMT and BSM), with the SA and
GA are presented through a schematic diagram in Fig. 2. The main functional groups
in HMT and BSM components are the hydroxyl groups (-OH) that can form hydrogen
bond linkages. Hydroxyl groups can also generate ester bonds with carboxyl groups of
SA as a cross-linker and GA as an antimicrobial agent. Simultaneously, polysaccharide
chain scission could partly occur because of the SA-and GA, attributed to the acid-
hydrolyzed glycosidic bonds present in the polysaccharides.’*?!

3.1. ATR analysis

ATR analysis was performed for HMT, HMT-BSM, HMT-BSM-SA, and HMT-BSM-
SA-GA films to examine their functional groups. The spectra of the various films, as
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Figure 2. Schematic representation  of the interactions for HMT-BSM, HMT-BSM-SA, and HMT-BSM-
SA-GA.

Abbreviations: HMT—heat-moisture treated starch; BSM—basil seed mucilage; SA—succinic acid;
GA—glycolic acid.
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Figure 3. ATR spectra of HMT, HMT-BSM, HMT-BSM-SA, and the various HMT-BSM-SA-GA films.

shown in Fig. 3, revealed the presence of the HMT ‘and BSM compounds, with the IR
peak position observed in the range 3200-3400 cm ™", corresponding to the O-H stretch-
ing vibrations of hydroxyl groups in the polysaccharides. C-H stretching vibrations of
alkane groups in the biopolymer gave rise to the peak at 2926 cm™'. Other characteristic
wavenumbers included 1646em ™", 1150 cm ™", and 1005 cm™" assigned for bound water,
C-C and C-O stretching, and C-O-H bending vibrations, respectively.”*>! The introduc-
tion of BSM into the HMT starch films caused two new peaks, at 1414cm™" and
1596 cm ™', corresponding to the C-OO symmetric and asymmetric stretching vibrations
due to the presence of uronic acid in the BSM component.****! This observation
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confirmed the successful incorporation of the BSM into the HMT. Furthermore, the O-
H stretching vibrations wavenumber of the HMT-BSM film shifted to higher wavenum-
bers, from 3290 cm™" to 3293 cm™" when compared to those of the HMT film due to
the rearrangement of that hydrogen bonding that occurred between the two
components.**37]

For the HMT-BSM-SA film it was expected that ester bond vibrations (approximately
1735cm™") should be observed; however, absorption at that wavenumber could not be
detected. This might be because of the very low concentration of added SA. However,
the HMT-BSM-SA-GA films exhibited a new characteristic wavenumber peak around
1219 cm™", indicating the €-O stretching vibrations of GA.*® Similar to the HMT-
BSM-SA film, the peak with wavenumber 1735 cm™ of HMT-BSM-SA-GA films could
be assigned for the ester bond formation'®” through the esterification between carboxyl
groups of GA and hydroxyl groups of the polysaccharides. Additionally, the intensity of
the ester bond peak position was found to increase with the increasing concentration of
GA, suggesting that more ester bonds were formed.

3.2. XRD

XRD diffractograms (Fig. 4 and Table 1) of various wound dressing films were analyzed,
and the percentages of crystallinity were calculated. XRD pattern of the different HMT
films exhibited diffraction peaks at 20 of approximately 17.2° and 22.4°, corresponding
to the B-type starch structure."”) Moreover, the HMT-BSM film ‘clearly presented
higher percentage of crystallinity (30.74%) than that the percentage of crystallinity of
the HMT film (24.:41%.); this was because of the higher crystallinity of the BSM compo-
nent*"*? than that of the HMT and the intensity at 20 of 22.4° increased due to the
characteristic peak of BSM.'**! For the HMT-BSM-SA film, the cross-linked film indi-
cated no significant difference in both their XRD pattern and percentage of crystallinity
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Figure 4. XRD patterns of HMT, HMT-BSM, HMT-BSM-SA, and the various of HMT-BSM-SA-GA films.
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Table 1. Crystallinity percentages and thermal decomposition temperatures of HMT, HMT-BSM, HMT-
BSM-SA, and HMT-BSM-SA-GA films.

Thermal decomposition temperature (°C)

Crystallinity Step 1 Step 2 Step 3
Samples (%) Water BSM HMT and BSM
HMT 2441 84.00 - 318.83
HMT-BSM 30.74 82.50 233.20 313.67
HMT-BSM-SA 29.95 85.00 ) 294.00
HMT-BSM-SA-15GA 29.86 86.00 - 290.17
HMT-BSM-SA-20GA 29.78 87.00 - 287.83
HMT-BSM-SA-25GA 28.97 7933 - 285.67

Figure 5. Cross-sectional morphologies of (a) HMT, (b) HMT-BSM, (c) HMT-BSM-SA, (d) HMT-BSM-SA-
15GA; (e) HMT-BSM-SA-20GA, and (f) HMT-BSM-SA-25GA.

(29.95%), compared to those of the HMT-BSM film. Similar XRD. patterns were also
observed for the GA incorporated samples. The percentage crystallinity values of HMT-
BSM-SA-15GA, HMT-BSM-SA-20GA, and HMT-BSM-SA-25GA were 29.86, 29.78 and
28.97%, respectively. The results indicate that the added GA increased the crystallinity
of the HMT-BSM-SA film since the added GA was amorphous.

3.3. SEM

The cross-sectional morphologies of various wound dressing films were examined using
scanning electron microscopy. It can be seen in Fig. 5(a) that the HMT film showed a
smooth and continuous surface. The HMT-BSM film exhibited a heterogeneous blended
structure, with a distinct rough phase corresponding to the BSM component (Fig. 5(b)).
The rough surface appearance was possibly observed because of gel coagulation of the
BSM component.*) In contrast, the cross-section of HMT-BSM-SA film, depicted in
Fig. 5(c), displayed a slightly smoother surface compared to the HMT-BSM film. This
could be caused by both the dicarboxylic acid cross-linker, which improved the phase
compatibility between the two different polymeric phases'” and also by starch
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hydrolysis. Furthermore, the morphology of various HMT-BSM-SA-GA films (Fig.
5(d)-(f)) revealed smoother fractured surfaces than that of the HMT-BSM-SA film,
which could be caused by partial GA hydrolysis of the polysaccharide structure.

3.4. Thermal properties

Thermogravimetric analysis (TGA) and derivative thermogravimetric analysis (DTGA)
thermograms of HMT, HMT-BSM, HMT-BSM-SA, and HMT-BSM-SA-GA films are
represented in Fig. 6 and Table 1. The thermal decomposition occurred in three steps.
The first step was because of water evaporation, at 50-100 °C. The second step corre-
sponded to the degradation of BSM, at approximately 230°C. The third step was the
thermal degradation of the saccharide backbone (starch, glucomannan, xylan, and the
other carbohydrates), in the range of 255-340 °C.'>%¢!

It should be noted that BSM induced a new thermal degradation temperature, at
233.20°C as the second step when compared with the original HMT film. Moreover,
the HMT-BSM film had a lower third step degradation temperature (313.67°C) than
the original HMT (318.83 °C). The temperature shift could be influenced by the BSM
component. After cross-linking of HMT-BSM by SA, only one thermal decomposition
temperature (294.00 °C), at the third step of HMT and BSM, was observed and the total
thermal degradation was clearly lower than that of the uncross-linked HMT-BSM. This
may be because of the acid hydrolysis possibility at glycosidic bonds from SA during
the film preparation.”*!

Similarly, the antimicrobial-activated HMT-BSM-SA-GA films displayed a slight
decrease of the decomposition temperature for the third stage of HMT and BSM that
maybe due to the acidity of glycolic acid (pKa = 3.83) to induce to acid hydrolysis of
the polymer chains.™”) Corresponding to a previous report, hydrolyzed cassava starch
films showed lower thermal decomposition temperatures than the original cassava
starch film, ‘attributed to. the reduction of amylose content from acid hydrolysis.!*°!
Moreover, the increase in GA concentration resulted in a slightly lower thermal decom-
position temperature because of its greater hydrolysis effect, as indicated in Table 1.

3.5. Water behaviors: Gel fraction, WVTR, and FSA

The water behaviors of polysaccharide wound dressings, namely gel fraction, WVTR
and FSA, are significantly important when considering them for their practical applica-
tions. Gel fraction measurements are essential for evaluating the water resistance and
dimensional stability of the films. The comparison between HMT-BSM and HMT films
(Table 2) indicated that the gel fraction of the HMT-BSM film was significantly lower
than that of the HMT film, attributed to the natural hydrophilicity of BSM."?) Many
hydroxyl groups are present in the BSM chemical structure (Fig. 2) which could
strongly interact with water-molecules. Therefore, the BSM phase could easily dissolve
in water, resulting in a decrease in gel fraction value. It should be noted that the dimen-
sional stability of HMT-BSM film was still of concern for wound dressing use, as indi-
cated by the gel fraction result, since a good dressing film should absorb wound
exudate without leaching out a free-flowing gel due to excessive swelling.'*”!

136



137

12 (&) A.PHONRAT ET AL.

100 0.000
HMT
HMT-BSM ~0.002
80 20004
A -
9 60 =
g Tg-oma-
°
E

&
Ve
s
=
=

8
Derivati
s
=<
e

s
e
=

100 200 00 3;!0 44')0 500 600
ture (°C) rature (°C)

| } /////,

57///\\ :

l
i
’ix‘-i \\

Weight (%)
g

4
n/
/,"//

m l \ H! BSM.s
-23 T, T = 5
t C)
2 &
> - &
a I ~
%m @ @
: (72
n s o
D A

%s:: o) | &Tempe 2 oo
Figure 6. proﬂes?w ﬂTﬁSﬁ %Bﬂ‘ %er\ll -SA-GA films.

In general, gel frac rnative method used to detect
indirect cross-linking efficiency. nd that HMT-BSM-SA film obviously pre-
sented a higher gel fraction value when compared to that of the non-cross-linked
HMT-BSM film. Also, hydroxyl groups are known to interact with water
molecules through hydrogen bonding. Thus, the reduction of hydroxyl groups within

dy 1 dl Y o U 24 d‘ = ] 5 1 Y o ¥ €Y ¥
wnanstluenashanulidmiunisidnuienisfinuwinu eugrelnhluldusslevdmunisdn

[ . 5 Qy a gj ¥ af v o dy e 1 a < ¥ gj d‘d o v
lmwmaﬂmmau Snnauiilsaulaaiiom LLazﬁ]ENE)’N@Qﬂ\‘lL’fU’]“UENL@ﬂﬁ’ﬁ‘l{]ﬂﬂi\‘l%ﬂﬂ?iuqlﬂiﬁ



JOURNAL OF MACROMOLECULAR SCIENCE, PART B @ 13

Table 2. Gel fraction WVTR, and FSA of HMT, HMT-BSM, HMT-BSM-SA, and HMT-BSM-SA with various
contents of GA.

FSA
Gel fraction WVTR 06)

Samples (%) (g m2 day™") 1h 24h

Control (without film) - 856.95 +3.39 - -

HMT 56.99 + 3.20° 556.63 +7.58° 169.68 1040 * 223.82+5.88 *

HMT-BSM 18.38+1.92° 619.75 +7.60° 51343 £11.79° 569.99 +0.43°

HMT-BSM-SA 30.05+6.52° 427.40 +8.02 28451 +16.56° 374.12+11.52°

HMT-BSM-SA-15GA 50.26 +0.15¢ 41087 +6.11° 15824 +6.39° 185.24 +6.09°

HMT-BSM-SA-20GA 4938+3.21° 412.28+0.17° 15248 +1.13° 167.64 +7.67%

HMT-BSM-SA-25GA 49.68+2.70° 377.85+1.30% 148.26 +11.35° 153.42 +13.75°

Different superscript letters in the same column are significantly different (p < 0.05), based on Tukey's test.

the cross-linked structure of the  HMT-BSM-SA led to the increase of gel fraction.
Correspondingly, the gel fraction of potato starch film and BSM film have been
reported to_increase after the cross-linking with citric acid and glutaraldehyde. !'>*®!
Since the increase of the cross-linking degree caused more insoluble three-dimensional
cross-linked structure!®”, the result indicates that HMT-BSM-SA film exhibited an
enhanced dimensional stability in water environment compared to HMT-BSM. Even
though the ATR esterified wave number at 1735cm™" (Section 3.1) could not be
detected, the gel fraction result confirmed the cross-linking by SA. Additionally, the
incorporation of GA into HMT-BSM-SA film obviously enhanced the percentage of gel
fraction due to the formation of ester linkages from hydroxyl groups of HMT and BSM
with carboxyl groups of GA, but the same for all three GA concentrations. (Figs. 2 and
3 and Table 2). A similar phenomenon was reported for k-carrageenan modified by
ascorbic acid, where the hydrophobic properties of the matrix increased by the forma-
tion of ester bonds.*%*!

WVTR is a critical parameter that indicates the ability of wound dressing to facilitate
gas ‘exchange and the FSA of the films quantifies their capacity to absorb wound exud-
ate effectively. It can be seen in Table 2 that the WVTR and FSA values of the HMT
film increased with the addition of BSM. This results from the hydrophilicity of the
hydroxyl functional groups in BSM. Thus, BSM could increase the water swelling
absorption and water vapor exchange capability. Similar observations were reported for
starch/Plantago psyllium seeds mucilage films. The results indicated higher hydrophil-
icity of the starch-mucilage film was obtained, compared to the starch-based film, due
to the hydrophilic characteristic of the mucilage.'”!

However, the WVTR and FSA results were significantly lower after SA addition
(Table 2). These results suggested that the hydrophilic properties of the films were
reduced through ester bond formation, as shown in Fig. 2. Similar observations have
been reported for cassava starch modified by citric acid and ascorbic acid, including
sago starch treated by ascorbic acid.""** Additionally, the WVTR notably decreased
upon the incorporation of 25%w/v of GA compared to 15 and 20%w/v. Similarly, the
FSA at 24h was reduced significantly by 25%w/v of GA incorporation due to the reduc-
tion of hydroxyl groups from esterification. Comparison between the values of WVTR
and FSA of wound dressings from this work and commercial wound dressings, with
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Table 3. Mechanical properties of HMT, HMT-BSM, HMT-BSM-SA, and HMT-BSM-SA with different
contents of GA.

Stress at break Young's modulus Elongation at break
Samples (MPa) (MPa) (%)
HMT 1.52+0.14° 549+1.10° 194 +14°
HMT-BSM 9.31+1.50° 70.61 +6.94° 1217+1.24°
HMT-BSM-SA 9.91+1.00° 36.43 +7.44° 21.04+2.93°
HMT-BSM-SA-15GA 9.89+1.47° 47.16+4.37<¢ 18.28+1.46¢
HMT-BSM-SA-20GA 11.25+0.47° 56.17 +5.89¢ 15.99.+1.30%
HMT-BSM-SA-25GA 11.42+0.66° 56.92 + 2.34¢ 14.43+1.39%

Different superscript letters in the same column are significantly different (p < 0.05), based on Tukey’s test.

WVTR and FSA consideration, showed that our HMT-BSM-SA-GA is suitable for no
exudate, light exudate, or minor burns.>>*)

3.6. Mechanical properties

Knowledge of the mechanical properties of wound dressings are necessary when they
are used in the wound area. It is shown in Table 3 that the HMT film displayed the
lowest stress at break and Young’s modulus, and the highest elongation at break. The
results corresponded to the lower crystallinity of the HMT film, as observed by the
XRD technique.

The HMT-BSM blended film revealed significant increases in stress at break and
Young’s modulus, and a decrease in elongation at break, when compared with the
HMT film. This we attribute to the higher degree of crystallinity of the HMT-BSM film
as a result of the incorporation of the BSM component, as observed from the XRD
results. The results were similar to pectin film with nanocellulose, showing the increase
of both crystallinity and strength,'**!

From the comparison between HMT-BSM-SA and HMT-BSM films, it was found
that no-significant difference in stress at break was observed. However; a clear increase
of elongation at break was detected, resulting in the decrease of Young’s modulus. The
clear increase of elongation at break was possibly due to the strong ester linkages via
esterification causing high chain extendibility, even though starch hydrolysis could have
occurred. Nandi and Guha reported similar results with dicarboxylic acid cross-linked
potato/guar gum films.!'*!

The addition of GA (HMT-BSM-SA-GA films) also caused non-significant stress at
break values, as determined by the statistical analysis. Nevertheless, elongation at break
tended to ‘decrease, maybe mainly due to acid hydrolysis of the polymer chains.
Corresponding with the increasing concentration of citric acid in starch films, the
elongation at break of cassava starch film was diminished due to acid hydrolysis, which
induces cleavage of bonds within the starch structure.*")

3.7. Antimicrobial activity

The antibacterial activity of HMT-BSM-SA and HMT-BSM-SA-GA films was tested
against S. aureus and E. coli. These bacterial strains were selected due to their associ-
ation with wound infections. Different concentrations of GA, ie., 0%w/v, 15%w/v,
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Figure 7. Photographs of the colonies (S.aureus and E. coli) after 24h. incubation for bacteria
reduction.

20%w/v, and 25%w/v, were incorporated into HMT-BSM-SA. The percentages of anti-
bacterial reduction for these films were then recorded and analyzed. Figure 7 and Table
4 present the percentage reduction of bacteria growth. The antimicrobial efficacy of
HMT-BSM-SA against both . aureus (gram-positive) and E. coli (gram-negative) was
assessed, with the reduction values of —19.71% and —15.93% observed, respectively. The
negative reduction values of HMT-BSM-SA indicated a significant increase in colony
numbers following the 24-h incubation period, indicating a non-active antimicrobial
efficiency.

The specimens containing antimicrobial agents, specifically HMT-BSM-SA-15GA,
HMT-BSM-SA-20GA, and HMT-BSM-SA-25GA, exhibited a 100% reduction in bac-
terial growth for both types of bacterial strains. Gambin, et al. mentioned the per-
centage reduction-of E. faecalis at 95% (25% w/v of GA-in distilled water).!”® The
suggested antimicrobial mechanism of GA was reported to be because of the capabil-
ity of GA molecules to permeate the cell membranes of the bacteria,””® thereby cre-
ating osmotic stress and lowering the intracellular pH levels.*® Furthermore, the
presence of the hydroxyl groups in the GA structure facilitated the disruption of the
cytoplasmic membranes and the denaturation of the proteins in the bacterial
cells.[%75%
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HMT-BSM-SA HMT-BSM-SA-15GA

Control

HMT-BSM-SA-20GA HMT-BSM-SA-25GA

Figure 8. Optical images of incubated HaCat cells after 24 h. incubation on HMT-BSM-SA and HMT-
BSM-SA-GA films.

3.8. In-vitro cytotoxicity

The cytotoxicity of the various films was assessed via HaCaT cells using the MTT
method, which is a well-established technique for evaluating cell viability, as shown in
Table 4. As the guidelines outlined in ISO 10993-5, if the viability of cells surpasses
80%, it suggests that the tested material is non-cytotoxic. When the cell viability ranges
between 60% and 80%, it indicates mild cytotoxicity. Moderate toxicity is suggested
when the cell viability falls between 40% and 60%, while severe cytotoxicity is indicated
by cell viability below 40%.'>*%"

Figure 8 presents photomicrographs of the treated HaCaT cells of HMT-BSM-SA and
HMT-BSM-SA-GA films. The cell viability and percentage of cytotoxicity is presented
in Table 4. It was found that the HMT-BSM-SA film showed a cytotoxicity of 5.44%
and a cell viability of 95.56%. Additionally, the values of cytotoxicity and cell viability
of 7.89-9.01% and 90.99-92.11% were observed for the HMT-BSM-SA-GA samples.
The slight decrease of cell viability after GA addition, caused by GA, indicated that GA
could. inhibit cell proliferation and induce apoptosis in human keratinocytes.[®! It
should be noted that the HaCaT cells could maintain their typical morphology (Fig. 8),
suggesting that GA was a biocompatible component. Thus, the HMT-BSM-SA-GA films
were safe and biocompatible for alternative wound dressing applications.

4, Conclusions

Alternative polysaccharide wound dressings from HMT-BSM-SA-GA were successfully
prepared. By the incorporation of BSM, ATR spectra indicated the presence of uronic
acid by its characteristic peaks at the wavenumbers of 1414 and 1596 cm™". In addition,
crystallinity, mechanical properties, WVTR, and FSA of HMT film were increased by
the inclusion of BSM. SA crosslinking caused the improvement of hydrophobicity (as
shown by gel fraction, WVTR, and FSA) and mechanical properties (as shown by stress
at break and Young’s modulus) even though a reduction of the thermal degradation
temperature was observed. The addition of GA caused the reduction of hydrophilicity
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of the dressing, which was observed from the gel fraction, WVTR, and FSA. However,
both stress at break and Young’s modulus were found to be increased by the addition
of GA. Moreover, a significant bacterial reduction of both bacteria strains, i.e., S. aureus
and E. coli was observed. The cytotoxicity and cell viability values were not affected by
the addition of GA or GA concentration. In this study, HMT-BSM-SA-15GA film pre-
sented the optimal physicochemical characteristics, antimicrobial effectiveness, low cyto-
toxicity, high cell viability, and biocompatibility, being suitable, we propose, for an
alternative wound dressing film for minor burns or low exudate.
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