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Abstract

The objective of this research was to study the causal factors affecting healthy aging among the elderly
in Health Region 9, Ministry of Public Health, and to develop a structural equation model reflecting these causal
relationships using empirical data. The study also examined the direct influence of these factors on healthy
aging. The model included five key variables: self-esteem, health-promoting lifestyle, social support, access to
health services, and healthy aging. The sample consisted of 520 elderly individuals. by multi-stage sampling and
data were analyzed using Software for Structural Equation Modeling (SEM). The results revealed that the
developed structural equation model aligned well with the empirical data (X2 = 284.294, df = 131, X%/df = 2.170,
p = 0.000, CFl = 0.984, GFI = 0.957, AGFI = 0.909, TLI = 0.968, NFI = 0.970, RMSEA = 0.047). Among the studied
factors, a health-promoting lifestyle had the highest direct influence on healthy aging (0.96), followed by social
support (0.81), access to health services (0.32), and self-esteem (0.07), respectively. The model explained 80.9%
of the variance in healthy aging among the elderly. The results of this research can be used as a model for

promoting health for the good health of the elderly.

Keywords: Self-Esteem, Health-Promoting Lifestyle, Social Support, Health Service Access, Healthy Aging
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ity MnRaNIsAnwIaNYaLNdEugIWINe T luieg1ianNn 32 faeg19 wudnlitndau 2 3ile lawn 91mana

(Alpinia galanga (L) Willd.) uazuas (Alpinia siamensis K. Schum.) Tngwfiafifinisnszaneitusluiufininiige

I

Anidu 84 Wesidus leun A siamensis Iruiaiinuluiiufivgniis 4 8ne 18 drua dauwila A galanga wuly

€

wiivgn 3 dwne 4 siua Ay 16 Wesdud Tumsfinwassiladinmsfiuinlusuauianies a.uree sisvun

=

@ '

3 feg19 IngranisnsiaaeunuIndu A siamensis ievun Jeirvesiivauiamnsesreudlidoideaiiosnind
yandlng 117 aenazetey viluinedusudennlun uiivasweniiui dmiunsfnwideyansly
Usglemlanunsaudanisldusslenteandu 2 s ldun duemns wazduayulng Fapnuding o wandlldsunis

18NBANNUTINYTAUS UL
AdAy: U1 AUVaINYiln dugnuiven nslduselevd

Abstract

The objectives of this research were to study the species diversity and utilization of Alpinia in
Bang Bo District, Bang Phli District, Bang Sao Thong District and Mueang Samut Prakan District, Samut Prakan
Province, was conducted from June to August 2023.Plant samples were collected for identification,
preparation of herbarium specimens, and record of plant information. The vernacular name, phenology
ecological data and a key to the species are provided. Data on usage were obtained through interviews with
key informants. The results based on Alpinia morphology, in all 32 samples, it was found that there are
2 species, namely Kha Luang (Alpinia galanga (L.) Willd.) and Kha Daeng (Alpinia siamensis K. Schum.).
The species with the most widespread distribution in the area accounted for 84 percent is viz. A. siamensis,
was found in all four districts and across 18 subdistricts. A. galanga, which was found in three districts and
four subdistricts, accounted for 16 percent. In this study, a total of 3 Alpinia samples were collected from
Bang Phriang Subdistrict, Bang Bo District. The examination results revealed that all samples were
A. siamensis. Alpinia from Bang Phriang Subdistrict is quite renowned due to its large rhizomes that are
white, beautiful, and delicious, attracting merchants to purchase from both within and outside the area.
For the utilization, we found that two categories including food and medicinal plants. This knowledge has

been transferred through their ancestors.

Keywords: Alpinia sp. diversity, morphology, utilization
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91 (Galanga) \lufiwiidniasquivinegluvaieuiuiafquinarsnisnszaeiusegluniodons Tuoen
Bedld annsowurnldilululng i an A Feeuns FaUTud snade deelus uasdulaiide Tneusznvu
Sinldusglovinazinnsthinvgnifiensuslaainegistuiy Wesndudufiviivgnite mumusieaninuindes
fitunoulumsgualaigesn engdusn annsoyamniunieiunldldnaeaiisd 1) ndufieiiegluana Alpinia
Roxb. 49081974 (Zingiberaceae) Inudnumsiauvasfitnsdife nisditunenssmeagluyndiuvesiy
Taglovnzaimveani dnduanaiifduiuidaminiianlunsdda Tagvilandananin 250 vlla dmiuuszmalned
nsAnwdueunsIAsuesiivanat lul a.a. 1996 Tay Larsen [2] Tdsausnsed evesiivanadldvienun
13 %iin sionilud A, 2006 Saensouk [3] IiAnwfisAslae davingUistuszysiin (key to species) vosfivanain

Ingnuitvanavidnuiu 18 vila
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4 ny 7 a.Avwrasidlvg e.unuanss 26 1.4, 66 A siamensis U104, V1A
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9 Ny 7 A.UNLENSS B.UNENEY 283.8.66 A galanga® Yundes
10 Ny 7 A.UNLENSE B.UNENEY 285.8. 66 A. siamensis* PMeEIN
11 N 2 A.UNENSS B.UNENEY 5nA. 66 A siamensis* 0
12 il 3 ALUSe B.UNUD 29 §.4. 66 A siamensis YA
13 ¥y 3 7.UST 0.UNUD 29 3.8. 66 A ealansa* YRR
14 7y 3 f.AARLlENYINTT B.UNUD 29 1.8.66 A siamensis* i
15 ny 3 f.AaRelENYINTT B.UNUD 29 .8.66 A siamensis i
16 Y 1 931N B.UNNE 29 §18.66 A siamensis i
17 %y 4 .UN9Ue B.UMUB 304.8. 66 A siamensis YA
18 %y 4 f.UN9Ue B.UMUB 30 3.8.66 A siamensis YA, YA
19 %y 4 .UN9Ue B.UMUB 304.8. 66 A siamensis g
20 w3y 4 7.AABIATU D.UNUD 3n.A.66 A siamensis* YUNYAT
21 Ny 4 A.UIUNTEY D.UNNUD 3n.A.66 A siamensis Pt
22 My 4 AUIUNTEY D.UN9UD 3n.A.66 A siamensis Ulnigy
23 Wi 4 0.UINNGE .UNUB 3n.A.66 A siamensis a0, YHNAEN
24 Ny 7 A.ARDIENIY D.UNUD 50.0.66 A siamensis* g
25 My 7 A.ARDIENIY D.UNUD 5n.0.66 A siamensis g
26 ny 11 p.unndtes 8.unee 5n.0. 66 A siamensis* 9
27 Wy 5 .U B.lB3AYMIUTINTG 6 n.A. 66 A siamensis 9
28 v 10 a.unailes o.dlesaynIUsINg 6n.A. 66 A siamensis 9
29 vy 10 a.unailes o.dlesaynUsINg 6 n.A. 66 A galanga* Uy
30 Y 10 9.UNNELY 8.UNNE 7@.m 66 A siamensis %
31 35 w08 4 (U3104) 91.010th p.ilowynsUsINs 7 aA. 66 A siamensis 0
32 vy 8 M.u1alaaY B.UNINE 20 @.A. 66 A siamensis i

ee; * nunela Megnnsvyrinandiuvesdwuldfunarlu lulidaegenen
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lefiTsansiuusegwiiudisuiusegiaiomn wuthwia A siamensis snnitan Ganulufiuiiugn
1 4 $une léun §neunste Sunoumd suneuInas uazsuneliesaunsUsINg Tneddruiuiaog1g
27 foge anTavun 32 daegne Andu 84 Wedud dausn 5 dredne iudedn A galanga wuluﬁuﬁﬂqﬂ
3 §une fun Suneute Suneuass uazdineliiesaynsusns Andu 16 Wedldud vosiegwiiiiu
Fravun (31971 2)

'
a

A5 2 BRveIwaEIIUFRg AU TN UARN Y

7]

YAV IUN YoNuULiD 9 NuMAuF9819 FuufIvE1eTIAY
ludwmdnaynsusinis Aaduasiaus)
A. siamensis Y149 U189 Y1UIN VNAWNT 9LNBUNUD 27
= o ] ° a ¢ & &
INUUIL YEN YIFwan FUNDUNING (84 Wostyus)
IRV 9LNBUNEEY

o

gunalaEynIUIINg

A. ealanga PIAN VUndes Uil FUNDUNUD 5
UNOUNLANT (16 Wosldus)

gunaLlaEynIUIINg

n1sAn¥aYNIITULATENYAEININgNEAAAYRINYENaY (Alpinia Roxb.) Tudswinaymsusinig
o I3 = i . . [ [
AnwuEMaNgNEAEATYasNYaNaY (Alpinia Roxb.) Tudmingymsusins

v v Y N o W Ya < ¥ v a v v o ¥ = &

du: Maugnvaned aduldfuduni mdmeaueu nuluSssdeuiududduiion danse

Tu: Tuiien Fesaduseuuden Uszneumeniulu aulu (ligule) wagieauly

Yanan: YenonwuuYekENkILe eaniiven dluusedu (bract) uarluusedudes (bracteole)

Aan: panauysalned aunnsiuuasad nduidsdaudeuiinduluvaea Yansuenduwandu nduaen
waeandunenjunsinszuen Uateusnidu 3 uan uanuu (dorsal corolla lobe) 1 uan uand1s (lateral corolla
lobes) 2 wan Fndvuradnniuanuy inasinaiduniugdns (lateral staminodes) Svunaiin inasiwagiumsiu

a

wWasuwlasdunduuin (labellum) Aanendunen sdindlaunlvginiindunen fivaed Jidu nieanans veundn

o o

naswARNauysailiuydusaatyiamund Sslvegldindu Munannadeses eglunasaniunen

JUIsusEywila (Key to the species) vasiwenat Tudeninaynsusinis

£

1. aduldduduniunelng dvnueaviedivdesdou iduugudnans 3-4 gu. unuNaKYeABNeTY 20-22 .
naundidudyuy 2 9revendunanindu 813 2-2.4 B, Uaeuanilu 2 Wan...ne 1. A. galanga
1. adiuldtudumi Gumwanieduensun Wik uaudnans 1.8-2.5 ¥, WNUNa19Yenene1 12-15 9. Nau
UnIEUALAS 2 919U94dUNA19NEY 817 0.8-1 Y3l UANBUINLTY 3 BAN . e 2. A. siamensis

1. Alpinia galanga (L.) Willd.

=l

FaWos : Alpinia alba (Retz.) Roscoe; A. galanga var. pyramidata (Blume) K. Schum.; A. galanga var.
zingiberina (Hook. f.) Baker; A. pyramidata Blume; A. Zingiberina Hook. f.; Amomum ¢alanga (L.) Lour,

Heritiera alba Retz.; Languas pyramidata (Blume) Merr.; Maranta galanga L.
a4 & A & 4 YY) ad A 1 ! 4 ! 1 ad A A oA o & aa
YDINULUDY :Iu'W‘LWl“UQﬂﬁ]ﬁ%’]ﬂﬁi{ﬂiﬂﬁ’m’ﬁﬂ‘ljalﬁﬂﬂ VNN VAN GU']IVTQ‘JI LASUTDWULNDIDUAIU ﬂgﬂﬂiﬁ‘ﬁu,

]

91 (M), Ulug, Y mean, G mans (emile); lazlealAy, dxlowy (NEIR3es-ulgesaon)
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‘Tiaﬂ'lﬂiy : Galangal, Greater galangal
ANWULNINGNYAEAS

du: Widugnuanel dduldfudumiaweivg Gumuaviedindesen dwiuaudnais 3-6 gu. N1y
TuSestoufumiududiuion fwmsanilofu g9 1.5-3 u. (Al 3 n-1)

Tu: Tuiflen Besaduszunuifen suvevsuuunuguluven nhs 5-10 @a. 817 20-55 a1, Uansunauvie
Bowan TaugUan veuiFey wilundss vinalaufuluasseuiivuduly fulusuadeanuimion nfa 4-5
usl. 872 5-7 . Svudugidnides Aluen 5-6.5 uu. (1wl 3 )

danan: fononuuUTaLENLIL panfiten futensns1n 7-0 wu. Asudrundsvdedvudulseusie
ununanstanen 20-22 wu. Aeutnandssvdelivudulssusne densadudng (incinnus) (il 3 9)

fan: 1 3-5 pan lutseAugos N9 1-15 1. 81 6-7 wn. Uaneuan Aeutnandes AMuaenem 5-6 wa.
Aouihandsavielivudulszusne sendum finduvenseu ndudsddumviodunoundss laudeudnfudunaon
e 3-4 wy. enaUszna 1 ew. Yaneusnidu 3 uan JURdeauALN LanUY 2 uan 8MUsEINN 3 By, wanang
1 wan &M 0.5-1 uy. indssvdereutnaunies ndunenduviedumende Taudeufatudumaen s1usvana 1
gy, N9 4-5 un. Uanewenidu 3 uan wanuu 1 uan JU3euruiu ndi 67 uu. em 1.8-2 qu. Uanean wandn 2
wan gureuvu n1edszang 5wy, g1auszana 1.5 gu. Yaneeu inaswadiduniugdidunsviedineuuns 3U
dunauvadn tnasadiduniudsunlandunduiindyn idudvay 2 Sevesdunarendu nduuinguadne
Fou ne 6-8 uy. 817 2-2.4 wy. Yaewendu 2 uan veundn Tudn q vuwuiilay inasiwegiiauysal 7 1 Sy

uydulsae 1-1.5 gu. Julsaydivies nie 3-4 uu. 813 7-8 uw. Selveglinandu nseguly enussan 5 . §

v
[ v

yudu funasmadieen vonnasmadeivudulssusy il 3 9-9)
N13NTEAENUTUaIIAING

Tuvssinalnedinisnszareiugimnnia nuluiuidealas TurRuudauasdnuyanssuiinnugadau
sefutmsaaudsszana 1,300 v, deulgnimnniavestssmealveniielfusslovidufivemnsuasfivayulng
Tudszmdlneesnnendinfeuuweu-fugiey Aaxadindeuningiad-natay [13-15] Tudminaynsusinis
mafusegenieaualuiiafioudiquisu-nangiau wuidinseennenluifeuiiquisy lawunisianaluisans
WWeu (nwdl 3 ) dwSusinssemanunszanesiugludsmaduiie Cenanuma Wouang 3u fumen 817 waide
Sulail@y Guaww Alds wasilauTud [13-15]
uvasanludmdnaymsusinis

A. galanga finuludsviaaunsusinis Wuiwgnluundsgnianun laifinnsnssareiuglusssuyi
lagnun1sUgn A. galanga Tuilufisuneuraanss (fuadsvzasdifes fruavieEss) sineuide (Fuanss)
uazdunailes (huavnadies) anmaiiusesuneauslutiafeudquisu-doney wuisyindeennenlufiou

figwiey wulu 1 unasdgn Ae duadsuzasdiles suneutaanse dnlunuiugndulinuniseenanenvsednna
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ql 2 o v Va v o U =1 1 = d’l
A7 3 Lansdnualzvet A. galanga: n. adulaAu (1d); 9. amwudivy; . Tu; 1. denen; 9. ABN; 2. WNAULALN
(Calyx); 9. 2andunen (Corolla); . inasiwafiduniuuasuwlaadunduuin (labellum) adnendunen wazinas
e Jundugdng (ateral staminodes) fuwadn; al. inasinedauysal; gy. nasweidle; . fogranssadliinmg

o

(Herbarium specimen); ). anwayIde
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2. Alpinia siamensis K. Schum.
o v
VaINDI : -

@ @

A o & 4 N A I a | & ' T \
VDNULUBD :1'14%1‘14‘1/11]6ﬂﬁ]ﬂ%?@]ﬁiﬁ%iﬂi’m’]imﬁaLSEJﬂ VLAY VI V1ARYIN VIAWHAT VIWUUTU slj’ﬂ.my VAN LhagvN

U

¥ ¥
v ISR %

Wudn TTeuiiosdussd ﬂgﬂﬂiﬁﬁﬁ, 97, 910U ("MAnag); e, Ulng (nMargiussnideaunile)
Hoasiny -
anwauEmaNgNYAEnS

du: lerduqnuaned drduldfudumin dvnwmaniodvneuvam dwidndudduiousinddvuyvied
Yumouuad uriugudnats 1.8-25 . nmuluFesdoufuuududiuiion dmsaniieofu ge 1.5-2 3. dwdidn
fudduldRuiniidvmmiefivumonuns (1wl 4 n-v)

Tu: Tuiflen Besaduszunuiden U3 sUsunuguveuvuny suluvenunusuveusuy siesulunennduuny

sUTRUILIU NI 4-8 @, 817 18-35 wul. UaneiTeauvay laugudn veuleu uduluindies ushaudunaisluuas

'
a

voufvuduuszuse aulusull nfaUszanas 3 . emaussana 5w, Aulugny 5-8 . (nnil 4 A)

danan: YononuuuTausnuIul sanfiven Aurononen 3-4 oy, Aouttundsmiedvudulseusie
ununanstenanen 12-15 gy, Asuthandesvideiudulssue densadutng (nndi 4 9)

aan: i1 3 men ludsedugen naUszanas 5w, 811 7-9 u. Yaedaides funenen 0.7-1 wu. Suudy
muIwiiy penduniuaa fndunendeu nduldssdvn laudeuAndudumase nisUssana 4w s11UsEIw
5 . Yaneusnidy 3 wan suadeanumden uanuY 2 uan 810USEANN 3 1Al Wanas 1 uan 81 3-4 1. Aeutna
inAswdeduduszusne ndunendumuia Tnudesfntuduvaen sm 57w nfelszann 3 uu. Yansusndu
3 4an uanuu 1 uan 3UveuINIL NI9UTENNM 4 Ul 817 0.9-1 wa. Uangas wandie 2 uan JUTeUIEIY N1
Uszana 4 1. 9 7-8 . Uanery inasiwagiunsiuginsdunsvieiiaseuuns suatuavvumdn nisuszanm
13y, 917Uz 3 1. Uansuviay nasinafJuvsfuiuAsuudasdundudndun fiduduns 2 Ssveadunans
ndu nanandudndes ndungUlindunine ndhe 6-7 ua. 81 0.8-1 @y, Umeuendu 3 uan voundn tnasiwesd
auysal 1 1 du uydusydmdesenden 811 7-8 uu. Sulsydmaes sUdeAndsn nia 2.5-3 . 817 4-4.5
uy. $vlvegldaandy nasgUle o1 3-4 uu. fvudu Aunanwadlefer ATerseu vonnannadodTagon
(1wl 4 3-9)
n1snIEAENLSLasiIATINe)

Tudsznalnefinsnszaeiudiieunnna uazugnlnevhluiieldussloviiduiivemnsuas ivayulns
yviailudszimalngeonaendiaiowuwisu-dwiay fauarradeunsngiau-natay [13-15] ludwua
ayvsusins dmsiiudegeninauiuludinseudiguisu-danau wuirdinisesnaenludsuliquisu-dsmiau
ueilsimunsinwa (Ml 4 ) shaszmanunszneiuglulssmmaniuazeauns [13-15]
uvasUgnludwminaynsusns

A. siamensis iwulufinaynsusns Wuisugnluuvasugnitomn ldiinsnszaeiuslusssuyi
lngnunsuan A. siamensis Tuituiisneunaanss (Fuadswrasdios suafswzasdlng suauiadase) sune
VINE (Fuautslan sruaunslaas duanuealie #1UaTIvmg AuauIwalug) 81tneu1sUe (Fuallis
AUARADITNEINTT FIUAUINUD AIUARABIATY FIUAUINTEY AIUAARBIAIN) LardnaLlodaynIusinig
(Fruauiedu suaviadles suatimiy) anmafuieeneaulutiadeuligueu-danay wuiveladon

nonlukvaslannngnne wilinunisinua
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a ) . . o v va v o Y a ' a &
AN 4 LANENWAEVDY A. siamensis: N. a19ulaay (18); 2. a1nwdiew; A. Tu; 9. ¥ann; 2. ABA; 2. WNAULRLS
(Calyx); 9. 2andunen (Corolla); . inasiwafiduniuuasuwlaadunduuin (labellum) adnendunen wazinas
waiJundugdng (ateral staminodes) fuwadn; al. inaswnedauysal; gy. naswnendle; . frogranssadliinmg

o

(Herbarium specimen); ). anwagIde
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n1sAnedayanislduseleviand

Pnmsdumairtiusinaiiuiisuneuise Suneuimd Suneunnatss warsuneiiesamIsng
Ffaamsusms nuhdimsihdnnldusslevillagiunvinduemisuniian sesasnliun thanduiivasulng
iosnwernadutie Ssanudeng q wandld funisdienenainusmygududetuin seandeaduansly

AN 3

A15197 3 Nskeuselevianntn

7]

Yo INUIAEnNS Yauioq nslduselavy
M3 Nyagulng
1 1 A o v £ v v A £ v N a
1.A galanga  dwman vwndes 1 dhwmdandseney 1 lHwilvanduddntdes Shwilsalinnain
Uy 91MSYANLA o1 WU lsAnanuazLndeu

2. dhwdnvseney 2. IwmiduduiieTuau wiviesda yniden
2. A siamensis YA YR

9IMTLUYANEN WUUYID9

YINEIN VWNYAT o v v vy oA

., 3. Uity 3. I uduANiaUTIINIeINISle

oA v 1 @

P an N
AUUTTNOUVDS 4. TwmhaunuLietstase1mNg

[ [ 1 1

Pwrian Uil ¥ o v w eaw o Y o
UInsn 5. TwiansiliazLdensnwianstes nuau
4. Yndandu 6. [owmindudiudszneurignuszavayulng

duUsenauvaLAIed  BI8UTINIEIN1SULNLLRYLAYLANNNS AL 8y
NINWNS NG
5. dudrundsenau 7. Wwdwdudiudsenauludisuen “dnnns

amslaglaludidy N1y dassnan U139579 U153nmile

Janiefunaun Juay wNlEURUIS wildenLdey
6. UL 8. Tmindudrudsznavludsuen “Usvay
wn3asRuayulng LWANIA” Jassnam wiein1snsalvadou

7. dnvenenuiain  qnideadess famdudeuviinmeensn Aud
VideAuansLLNEN Flmdussudluyesios trudesanis

8. tmhseuundusy 9. Wnmindudiuuszneulusehuuas
dnsnudeldluoms

UszLangn

9. YNN8 aUNIADY

Lﬁ'aﬁmmﬁuﬁmmﬁu

10. YnUIUvin

e

11. dundrwndszneu

E]’]‘WliLlIHﬁ’]“Uﬂﬁ']Qﬂ
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afUseuazaUNan1sIdeY

deRasandernuvainsinuesdlusiaeuisus 8100UINE S1ABUILEISY wazsLnewias
aunsus1n1s Sminaynsusinig wugdiwau 2 wie liun A galanga uag A siamensis Ingwuin A. siamensis
fiiTodonse q Mildud Yuae 91ds dmean Fuauas Tritud Tudn Svadn 9lng) Lﬂumﬁmﬁﬁmiﬂqﬂhﬁuﬁ
wniign wuluiuiivgnits 4 §1une léun SuneutsUe sunourand sunounaass uarsuneidosaynsUsns
d2u A ealanga Lﬂu%ﬁmﬁﬁﬂﬂiﬂqﬂiuﬁuﬁsawm fido3endn o fu lewn Yivias 9 undes ¥ilng) wuluitud
Ugn 3 sune ldun Suneuse suneunas uardnediosammsusng dwsunenunadsilldininiudily
Fruau s e o.unUe weua 3 feg1e Tnenanisnsavdeunuindu A siamensis Wanun dei1vewiua
vansssreuindifadeaiesanivunmiilng v eeuareses Winldiedunsugenanluituiivarueniiud

NNTANITNUEN NN NWAIARSVRI A. siamensis wae A. galanga luiwinaymnsusinig eg1saziden

'
v o

WU A siamensis Tuudasiunugnianvazdugiuinguansrsiuluseduiiniiviadiu A galanga Idnwas
medaugruinewanansiunentaidu 2 ngu Ae 9 ndes arduldaudunit dndesgeu dndunounse uiuly
auasiivudulsyuTe ddmanawazinivel dduldfuduninduniuia dndurenseunit uiuluinies Fadu

Snwugnsdugvingrfuanaadulusedvdininvie dsduaisinisfnwidesgvavidealuseniugugn

'
= £4 @

e muadeiugugniigndesmiundnngnumansesly

Y

a ¢

Tullagtunsfnwinnurainraisvesitedivaiedsdenmsinssiandnvasnsduginefiuananeiuf
Julsnlaanunsaduunalinvesiivld wiluuvnsdionanuiiviiidnuvaugadieadatiuuin ddunsdiguilonadesly
FWounmTRaeuiuiy Wy mildndesganssmiiionseazidunveuvaduaviiode nsfigatiendnualnia

e nkareall vsemslisnsimisiugnIsudeislamnsaldlunsdwunaieiusivioliliaeiugndaiau

3 ]

P neiFudunnnisafnfduevesfiafivoamsfnwuasldinedanseg@rieundifigadindufivadala [17]
Fasildannamiddeveseddsny uazany [18] AinsliBmInsvaeummmanamatemeifugnssuvesiugUgn
AlFsrusmanunanng q lutsemelng S1uau 30 feens dewmalin amplified fragment length polymorphism
(AFLP) Inmamsidenuindlelddnuasmsdugninefinnsanimfudeyasuiugnssuveanain AFLP a1ansa
Suunnguinifvuneveaniuansaiule

saensouk [3] I¥sseudmutlulssmalnedium 18 wia Wodsuiunanis@nmafdn viluiiud
Anwn 2 9iln nsuauavun 18 e Andudesar 11.1 vestiinuluvsemelng ieviinsiFeudivudu
yinvasnsAnwasainuanua nuaneesiitosnitnisinuines Saensouk [19] Femutidiuau 8 via Aadu
Sovaz 44.4 vestrimuluUszmalng auvnUsznmsdifananszesnan anuaihiavelunisdisiauasifiuinogng
fisnsfudsnmsfnuwededidunisdnuifinauassulszanaside mufsdmiaaymsvams Wudmiaiinng
HALNATUIENINAIANTNYATLAEAIADAAMNTIN I IIAINVAINNAIEYBIRBYNTUNIUAINAINTTUYDIUYWE

o o s

1 ' I3 a = =~ ° =1 o £ A v ° -~ ca a
16 agnalsimumniinsiSeudisunanisdisranselifugiunséng wagane [20] MladnnsdsiaiivIadds usau
gnenupimen Jminsestdn saufsnuitevesenisad wazaus [21] Alddns@nwianunainraiswaznisly
Usglerunudurasivsdldudtnonnd Jminumansaiy wazsnuddeveddsng wazane [22] Nladinsd1599
Tunungnnatiuie Jwingassnl wuiddiwsiavesnriniu nenuidwan 2 via laud A siamensis way
A. galanga
v YRS a a | ' B 3 a

Pntoyan1snszneiusuaziviaing1vesd [7, 13-15] wui1 A siamensis Wag A. galanga imMinszany
v & A Y o w = <& - > ¢ & A -~
Wugiieunnaiawazinarveslsewelnenuanu waziinisugnlaeiiluiieldussleviduivomsuasity

auulng Iy A siamensis wutunsyaeialduaziinisugniiieldussleniluasiseunazUgniiianisdn lunany
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Janin 1wy gusing gluvie wazivailan @ A galanga inmswuluiuidalas UnAuuds uagUiuganssa A

FenaussERUEeIUiUTEINM 1,300 wng dnsuaniusnnlunaiedanin 1wy nisuaseseyse) Myauys way

WA uaIusalun1sUs R swman A vanwLIna U N A nrangly

f1n en1snszanedaiingieunei
Uszielney

dmsuteyanisliusloviandildfinsasuniuainsmdiuluiuiinsmuiniinisiinndeugnlild
Usloiduenanniian sesasnfelfiufivaslng foll

frums vnduinisimin uaztenenves A siamensis waz A. ealanga 1¥NEIMS FedenAdaai
MsfAnuIreI13 sy warame [21] Aind1alidwadulusunoundt Smdaumansaiy dnsiunih Yenenseu
999 A. galanga Uag A. siamensis 1UsznauamIkazlueAi oAUt msiiefunauan waranAdevesgsna
wagany [22] fiszyinvnduludinetuile dmingassil fnsiunii wazvenen ves A siamensis uay A
galanga 1nSuusemulue s suisaenndsiuunIATILived Arya uavany [23] ﬁizqdw A. galanga \Juiivy
AomhulfduedounauasiedesUsslusmsarnuanesiinvesssmacis q 1wy dulaiide Tne uazuialde
s

wyayulng y1dudnisumitves A siamensis waz A. galanga wldduesnulseieatuiosdn
fioale gniden uturies natn indeu Andes dedniau Tudenedesiunuideiifinsfnygrimandeinganud
ﬁdwawmiaé’ugmwa%asz anmsdusesdld fudest wasfumsdniau fuduemiddevss Theanphong uas
Atz [24] A nweadUszneumaafiveniusemedieildainnisndusaedveuninan A Samensis 91
mamﬁaﬁ’awudwﬁwﬁwamzLwﬂmﬂmi’mamé’fﬂEmwwiumiﬁma%aﬁaiﬂmsﬁuqﬁ sudedlanuanansalunissa
Wouyadasyldegeiluszaniaim wieunauves Trimanto wazaa [25] fisyitunumndIuves A galanga
Usgneusieansesnqvismstanimvaneuiinsndeqvidnugadn dusyyadasy Jesfuualunssimng dunuaiite

q q

funzise fulisa HIV Au@esn A1unisenay fueiniswil wagiuuyiny SIRReUNANUed Arya wagany
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Abstract

Heat therapy is a highly effective treatment modality in Thai traditional medicine, primarily used to
alleviate musculoskeletal discomfort, joint diseases, and circulatory system conditions. This study aimed to
assess the thermal retention efficacy of hot compress bags made from locally sourced legume grains
in Northeast Thailand. Seven varieties of legumes were chosen: mung bean, cowpea, soybean, hyacinth
bean, jicama bean, peanut, and kidney bean. Each was combined with mung beans in a 1:1 ratio, amounting
to 200 grams per cotton bag. Heat treatment was conducted using an 850-watt microwave for 2 minutes,
with temperature readings taken every minute over a total duration of 15 minutes. The experiment was
conducted nine times and examined with descriptive statistics and one-way ANOVA. The mung bean-cowpea
mixture exhibited exceptional heat retention, starting at 68.00+0.70°C and concluding at 37.33+1.41°C,
indicating a mere 45.1% heat loss. This combination sustained a therapeutic temperature range of 40-45°C
for 12.5 minutes, which is ideal for physiotherapy applications. Statistical analysis indicated significant
differences (p < 0.05) among the different legume combinations. This research demonstrates the potential
of legume grains as effective heat retention media for hot compress bags in Thai traditional medicine

applications, thereby adding value to local agricultural products.

Keywords: Heat therapy, Legumes, Heat retention, Thai Traditional medicine, Specific heat capacity,

Thermal radiation
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msUiamsAmsou (thermotherapy) WuismssnwiAwandndngunsideunuat a.d. 1869 [1]

IﬂaﬁﬁugmmﬁmmmﬂmﬂuﬂﬁLﬁmmﬁ"l,maﬁ'aumauﬁaﬂ (vasodilation) Ussn1Aau YA (pain threshold)
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szuuiilanazvaenidon [3] msvszauFeulunisunmdusulnedumaianissnviifinnudfyuiegiseniun
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asdmsgialnbidunsanneinusssuvesywen@lul e 2019 [4] Inenaunaumannisausouiun uaudd
yandnssuvesanulng wu agled newa vy uazmsys idedumssnauuerdaaiunamevenieide (5]
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3 wiedaden 100 ndu windauUu 100 ndu
4 wiedaden 100 ndu winiave 100 ndu
5 wieduden 100 ndu wdniadas 100 N3y
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AnanuTourasgeUseAurtnmg 9 naentiaial 15 uii laegralileddgmeada (p<0.05) TngeuseAuiiussy
wanddgmaudmunansUszdnsnmnisiiuineuseudvan Tnefloamaliaani 68.00+0.70°C lumndiusn uay

Yoy 9
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fanadnwgamnflife 37.33x1.41°C Tuwnfigavie sesaunie geuszauiidemauduvdosdiszdnainnisiiu
Ananufoud Sududl 65.6740.70°C wazanaady 37.89+1.45°C Jauansanuaiosvesnsiivinanufouda
sesaunfe qeuszAUAITe AN MUY BuduTl 63.33+1.00°C wazanaady 33.67+1.00°C sosaunde geuszAui
Wemaudunsvansiiussansamuiunats Guduil 61.44:0.88°C uazanaadu 32.33+1.00°C daugauszauiaden
wandweiuszandnmeglussduiineudetios Buduil 62.78+0.66°C uavanaudu 36.22+1.39°C d1vouazq
UszaududvamandrdasiussaninmnisiAuinanudoutdoiign Suduil 63.67:0.86°C wavanaadu

29.67+1.00°C WAAINALLAISIR 2

a3197 2 AedeuarAdesuunasgiunsiiuingamalivesguusyausyfivasznad (n=9)

180 aamglivesstyiiunszgada (asrwaldes) (meanSD)
W) Fadiya+dn AT+ daTgrrdoudy  dadea+dn AT AT+
Wl VRN oy v GEN U

T1 68.00+0.70% 65.67+0.70% 63.33+1.00% 62.78+0.66* 63.67+0.86* 61.44+0.88*
T2 67.33+1.00% 64.56+0.72% 62.44+1.01* 61.67+0.70% 62.67+0.86* 60.67+0.70%
T3 65.78+1.30% 62.78+0.66* 61.44+1.01% 60.11+0.78% 61.33+1.00% 59.11+0.78%
T4 63.33+1.32% 61.11+0.78% 59.67+1.00% 58.44+0.88* 59.78+0.97% 58.89+0.60%
T5 61.00+£0.68 59.22+1.09% 57.67+0.70% 56.89+0.92% 56.89+1.05% 56.33+0.89%
T6 58.44+0.88 57.44+1.01* 55.00+1.00% 54.44+1.13% 53.78+1.48% 53.78+1.20%
T7 55.78+0.97 55.44+0.88* 51.78+0.83* 51.89+0.78% 51.00+1.22% 51.33+1.00%
T8 52.44+1.01* 52.78+0.97* 48.44+0.88* 50.22+0.88* 48.56+1.30% 49.67+1.00%
T9 50.11+0.78* 50.56+0.88* 45.33+1.00% 48.33+1.00% 45.67+1.22% 47.22+0.83*
T10  48.11+£1.05* 48.11+0.92% 41.89+1.05% 46.56+1.13% 42.89+1.16% 44.11+1.26%
T11  45.78+1.20* 46.22+0.97% 40.22+0.83* 44.00+1.32% 40.22+1.20% 41.33+1.00%
T12  43.00+1.22* 43.56+1.01% 38.33+1.00% 41.44+1.23% 38.00+1.22*% 39.67+1.00%
T13  40.30+1.00* 41.11+1.05% 37.00+0.86* 39.56+1.13* 35.33+1.22*% 38.11+0.78%
T14  38.67+1.32* 39.78+0.97% 35.44+0.88% 37.78+1.20% 32.33+1.22*% 35.89+0.78%
T15  37.33+1.41 37.89+1.45 33.67+1.00% 36.22+1.39*% 29.67+1.00% 32.33+1.00%

o o

* gaungilianuuansaivegaldeddgynieatia p<0.05
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dl 1 1 o 1 =1 = F 77 1 dl = a 1 U v v
nslasuslasdirasienisiwiamianumin 33lddeasuiniszesdnveauianiitu 2 cm waganududy 10%
30% W 50% NAIUIUAYAUNITHUUINRBIFUAN-ANTYAIAINUNTAIINAITNAABIADAAA BINULAS DIL BT AT

WLNEENSTUNSHAILINSIS suNsaaulutu S ou

AdALY: NAWEIY, WUUTIABAUNTEWAN-A0EY, nguesaland, Armnunin, snsuetnniie

Abstract
This research aimed to study the viscosity between the Landau-Lifshitz equation model and
Stokes' law by underdamped harmonic oscillation. The data of the steel ball's movement is collected and

processed by tracker program to find the resistance coefficient (Y ) and the angular velocity of the vibration
(). Comparison of viscosity values from viscosity meter. The results showed that Y and the viscosity value

increased with the concentration of glycerin, but the  value decreased. The viscosity values from the
Landau-Leifsitz equation are close to the values obtained from the instrument. The Stokes' law can be used
to describe the viscosity values while constant velocity, unlike the Landau-Leifsitz model equations which
consider the effect of objects at non-constant velocity. When studying the relationship between the value
of ¥ and viscosity, it was found that the tendency increased with the length of spring extension. At the
stretch distance of 2 cm, there was less in-plane oscillation. Hence, the viscosity at the stretch distance of
2 cm close to the measured instrument, but at 70% glycerin concentration, the value was more than 70%
different from the measured instrument. However, at 70% glycerin concentration, the value is more than
70% different from the measurement device. One of the reasons is that at high concentrations, some of the
glycerin is attached to the object's surface. Therefore, it was concluded that the stretch distance of 2 cm
and the concentration of 10%, 30%, and 50%, the experimental viscosity was consistent with the measuring
instruments which are suitable for developing classroom teaching.

Keywords: Glycerin, Landau-lifshitz model equation, Stokes’ law, Viscosity, Underdamped harmonic

oscillation
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[8] wariimsvnasinisduresgnivaninalisluresvad [9,10] uarwennillaiinisneasudisufisuniAiaig
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younaiildarlindiwesu Tnsldnisaredflensindeufidendesdionmuuuiinea udaldlusunsy tracker
version 5.15 [12] dmiunsduresnafinuaisalisluvesnaluvussueinivisirdddaunisnguesaland
Wisuisufuannsuuusiaesdun-andy (Landau-Lifshitz) nneldvesmanndwesuifianududuuansetunas
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FURBUIUNTI TULFRIPUBHUN IR IN N 1

FAN15NAaINITE URUUENS e ng w911 ynsvnasanisauauslundseSududy 10%, 30%,
WoaufU'dn1sv v in1sUsueanagdaeq => 50% Wag70% N5vugdnvasau3s 2 cm 4 cm uag 6 cm
w3neUSuanmedt 25°C ArvimstuiiniflonsauvesaUss

Setup TUswnsu tracker version 5.15 Tags sunu U

81984, MnuaNInsdIuvesassiuluminee ludiu <= Y13AlaNTuAnuIms1zvinsdun8lUIUASY tracker
La1aregyyl frame Aw/an version 5.15
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nuTetindiweunldiunaluana 92.1 ¢/mol figaifan 290°C wagyaviasuvad 18°C asnni 2 Tu
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7NAADIMIANUNLAVDINAWBS UITHANUN T ORS 1@ WU UM NALTaS usaUSU MU 10%, 30%, 50% way 70%

. naaTea
Glycerol
4 C3HgO3

Mw 921 mp 18°C
b 290°c  Fipt 177 °C

Ulaussy 450 cF
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firmsadeuiivesgnindn) Fauandluaunisi 1 iwWisuiieuivaunmsuuudiaesdunt-awdey (Landau-Lifshitz) (8,
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T 2r. _dv
E, = {6mnr(l+—)v+ 31 ((1+=2)pd )] ©)
b nr( 8) (( 96)9 dt)
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2
o= el (3)
o0}
Fou fo ussdumsindewd (Drag Force ; N) n fe Aeuniavesvesiva (mPa.s)
¥ fe Salvesgniwannsanay (m) p fo Anuvnuuuvesvediva (kg/m?)
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O  #e avudnmisuvsnFuduansznaenumuvesiureunseunsinal (m)

gunsalvesmAfeliuseneudiey auseniAativesayss 5 N/m w3a 15.79 ¢ lnswvuausalilunufslag
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und) aglaszezaisenind 33 ms/F @adiunfinenin) anldlusunsy tracker azlaainsnsydniuiiaivesnis
fFuvesadidluasazasnfiweiulazimanisnsgdniunamlaainlusinsy tracker USULduUlAs (Curve Fitting) v
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naassIATIMiansRnRanIvaaesanItin M 4 LLazmmwmﬁ@ﬁlé’gmmm‘tuﬁ’aﬂﬁamamwmaaqmiLﬁ‘u
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117357 (Standard Deviation, S.D.)
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i (3) Ivfuduldaiomernudiaueeanisdu M Fnsed 1 uay drduuszdnienudiuniu ¥ laewa
Fanauansfnnsed 2 uagnsmlanuduiudseninssesdaiu ¥ funsmianuduiudseninseninssesiaiu
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M191991 1 LEAIAIANUDITINVRINTAUNANUIdLTULAE SEEE RN (INNsUTULAY)

a a o - S 1
ANUDLTIUYBINTHUNT YL EAUBIAUIIANN9Y (rad/s)

FUAVDIVDILVAD
2cm 4 cm 6 cm
NALYOIU LUUTY 10% 6.53 1£0.01 6.53 10.02 6.55 10.01
NALYOIU LUNTU 30% 6.46 1£0.02 6.47 £0.02 6.49 1£0.03
NALYOIU LUUTU 50% 6.44 10.01 6.45 10.01 6.45 1£0.03

NABTU LUUTU 70% 6.29 10.04 6.28 10.02 6.28 £0.01
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AT 2 UANANFUUTEANEAMUAIUNIY LazTEUEEnYDEUTIA619)

duUszansAuAIuNUNIrordnveaUIIAInIge (1/s) x 1072

FUAVDIVDILNAT
2cm 4 cm 6 cm
nAlweTU WUty 10% 9.12 +0.11 9.5310.36 14.4140.41
nAwweIY LN 30% 12.4310.47 15.2340.59 17.32+1.04
nAweIU LNt 50% 15.6320.13 17.7630.77 20.65+0.37
nAlwoTY Nty 70% 29.6011.48 35.4941.23 3731+1.15
6.8
——10%
or | —30%
——50%
g~ &% ——70%
g ) R
g 6.5 ) -
Z 3 1
& G 1
£ 64
)
E
6.3 lenesns
| 1
6.2
0 % 4 6 8

Displacement (cm)

AW 6 NTINUAAIAMNFURUSTENINANUDTWNVDINITAU () VOINFBTUNAMUTUTUAIY
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40
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Drage Cofficient (1/s) x 107
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—30%
——50%
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AuszerdnvasaUse

(3]

4 o
Displacement (cm)
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ANUNLANIYLATDTIALEAIAINIAITIN 5 NUITMUIULVBIAIUNUATANALIUAL AN ULV UL ALTUYDINAY DI U

LY = a
AUTTEzEnUDIaUIS




1.9n8. 1naln. RIBLIRENNILALTE

U9 11 saafufi 2 N3NIAL - TWIAY 2568 46

fsanssuiisumanuniaiannaseaunisaunguasdlandilssuiieuiuailaanaunisvesdun1-anas

(Landau-Lifshitz) fasuandeiu Insfinisdnumuaunsiidlndifsstuarildanieiesdloinauviagu
BROOKFIELD §u LVT (lunisinarumilnsieiniosin BROOKFIELD dwidonsiiinuazdnsisiseulagasiinisia
lnzveuaieslaiiieduddiagufacton sueiiiauazsnsfiseu iegaiiuAiistuldaniaiesfionylden
anaviiafioin 4 fuusaedinnuanendiléneiu Tnsenfinnsanan derumiatesaziden Wtafiues LVT3
w3e LVT4 uazdnsniisoudi widranumingsdeadeniaiaiiues LVT1 nde LVT2 uazdnsniisougs unis
nAABE AN INAFRUTiT TR q Wannsaswldlagyinnsideniimnzgafelunisinaansnsuaianald

v o v v oA v v s o I | a A v aa
LLaSﬁ'}'}ﬂaqﬂquﬂwl‘!u‘lﬂ IWﬂlﬂLaaﬂM??ﬂLUai LVT1 119657113358U 60 59UNDUIN IUﬂqiwqﬂ"]'}ﬂJ‘VTuﬂﬂﬁﬂﬁﬁﬂqi

naaeansauluveuravesingifnUaeaUIdaasruinaunsawa-andy (Landau-Lifshitz) iesannsiing
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wdeunkuuiiaussluveslvadeiiintufevelaladanussduinsiieuiuingdmadauseinuiinsgviniuing

q

msfnusssumenguasalandiissegauieiaunisesdiuiuanuiuiissegiauferunnsisanaunisaun-ande

(Landau-Lifshitz) NAnAssdunmsivesinanseyinduing dufe nguesalandaunsaldiuvedluaiiiiniiy

q

iUty WeligufiuanumukiuYesing lnganuvuiutureIndweiuilal 1.26 ¢/cm’ uarAuuILLY

YounanUszuna 7.874 ¢/cm? lumsneaesmaruniinlutuseusieisnisuass inglinndasslureunaidesln

[

ngfszezindouiisunnviewmdeuiiluresinafiiinumilaunidielinusadugudinlugnisldauiaandine

AmAImMile winsveseslutussuiededninieiuAue1IveIRUNTAUTIUBANAIRINUNITLTaNNTS

=2 &

duan-89dy (Landau-Lifshitz) Iadunidudidoniivansdmsuiunismumameaiaumiaaieisnisduvesing

o
o

Anvanvauiaduluveslualutwiou Weiasananudunudsenineszesinuesaliaiuarduyssdnsaaiu
AunuAuAMUnIanuINSTeLBaTi I udsnanaA @RI liNTY lngainnsneansfisvestntiey ¢ laun szey

2 cm FngIinS AR UL UUAUULLNULIIAMANGNNAINTISYEEEn 4 cm wag 6 cm INNTENEULTEWIULUITIVYINA

=

fimssunIuMstAdeunLuuduvesinguasinisnseiianaiiindwes uniuinninsse Bavesalsa 2 cm vivlvinad

v o '
=% v o =

AFaLansneaantAsesiiaTndufe ANFUUSEANTAUATUNIULALAUNLATIINNTY F9tU ASzarn1sdnvasausa

P

Winu 2 cm dn15AanIuUNISIAdUN kUl udnteevinlratAnuniiad ledalndlAsestuaitalaainiasedile

o

LI ANATUINANITNARDINITHUN AU UTUVBINADIU 70% WUINAIANUNLAT LALALANAAULAS 9L TR

o P =

11NN 70 % legnilsluanvganaiiinainfivesnainnududugeingiinsanuiaveindiges uud uAn kT

q

[ a

nguLAuYAANUmie AR wuansnsanaseiadn

M15199 3 uansAAuntaTidwINmenUeEland

AANumiafiawamengesaland (mPa.s)

AT UN ALY DI
2cm 4 cm 6 cm
10% 51.75+0.61 54.08+2.07 81.76+2.33
30% 70.58+2.65 86.42+3.36 98.24+5.92
50% 88.72+7.18 100.77+4.38 117.18+1.91
70% 167.91+10.68 201.34+7.00 211.63+6.50
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AN5199 4 WARIAIANUNTANATUIIAIEAUNITLUUIRBIaWA-aNTe (Landau-Lifshitz)

ANANUNRUATNANUIUAIYFUNITRU VIR I ULAN-ANTY

AT UN ALY DT Y (Landau-Lifshitz) (mPa.s)
2cm 4cm 6 cm
10% 4.93+0.06 5.35+0.21 11.52+0.35
30% 8.58+0.34 12.47+0.53 15.73+1.05
50% 12.75+1.16 16.09+0.80 21.15+0.34
70% 40.03+2.97 55.18+2.34 60.20+2.40

5197 5 wansnaNuniiniiinseedes BROOKFIELD JU LVT#In LV1 speed 60

AT UN ALY DI AU T AR ILA3BIBROOKFIELD (mPa.s)
10% 6.3+1.03
30% 8.3+0.24
50% 12.3+0.62
70% 25.8+3.12
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FleTsnmmsduvesingluneslvauazyszananadelusunsutracker V5.1.5 thieyaluusuldadienidr v waz

o nganlagnihluannumanumiaisaunswuuitassdun-anguieuiunguesaland nan1snaassnuin

o a £ £% N

AfsrdvBanuiunuiazananiiafistususnuanudutuiiisiureantiveiu
flovnassiiszerdavesat3a 6 cm aduduvesndiweiu 10% 30% 50% uaz 70% laetianns nuin
Aruviialdiaunndetuedesiiniaannni 70 % auvenilananmsdsuuszuukUTitadenTIUNIY
nMsindeuiivesingasrarensduamisauvila ilimeuviauandnaainieiesiofn wagiimududures
ndweTu 70% VnszuzdavesauTeiinaassaraamialdfiafiunndnsiuindesdiniauinnia 70 % wwuiu wil
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Abstract

This study investigates the exponential Diophantine equation
n* + (2p — 1)Y = z2,
where p is a prime number and n, x, y, z are non-negative integers, subject to the modular condition
n = 5(mod 12) with ecd(n,2p — 1) = 1.
The primary objective is to determine all non-negative integer solutions of this equation by employing quadratic
residue theory, modular arithmetic, and its connections to Pell-type equations.

The results demonstrate that the equation admits a unique non-negative integer solution given by
(n,p,x,y,2z) = (n,2,0,1,2).
For all other values of p, no non-negative integer solutions exist, and it can be rigorously proven that z cannot

be a perfect square outside this solution. These findings provide a clear classification of the solution set structure
and offer theoretical insights beneficial for further studies on exponential Diophantine equations, including

potential applications in computational number theory and cryptographic systems.
Keywords: Diophantine equations, congruence, integer solutions, number theory

Introduction

The study of Diophantine equations holds enduring theoretical importance and serves as a cornerstone
in advancing applied mathematics. Systematic investigation of these equations reveals fundamental solution
patterns, establishes general problem-solving frameworks, and extends classical results—thereby providing
a robust foundation for both pure and applied research. Insights into the integer solutions and their structures
empower researchers to develop methods applicable to more complex equations and contribute to future
mathematical discoveries.

Over the past decade, researchers have devoted considerable effort to analyzing various forms of
exponential Diophantine equations, focusing on uncovering the properties and structure of integer solutions
through systematic strategies. Achievements in this domain are noteworthy, as illustrated by several pivotal

studies:
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In 2004, Catalan’s Conjecture which had been proposed in 1844 by Catalan [2], stating that the only
solution (a, b,x,y) = (3,2,2,3) satisfies the equation a® — b* =1, with min {a, b, x,y} > 1 was finally proven
by Mihdilescu [71].

In 2011, Suvarnamani [11] considered the equation in the form 2* + p¥ = z? and found that solutions
of this equation follows the value of p for example, (3,0, 3) is a solution for p > 2, besides, (4, 2, 5) is another
solution to the equation for p = 3.

Later in 2012, Sroysang [9] proved that the Diophantine equation 3* + 5¥ = z% has a unique non-
negative integer solution. The solution (x,y,z) is (1,0, 2).

In 2014, Sroysang [10] showed that the Diophantine equations 7* + 317 = z% has no non-negative
integer solution.

Additionally, in 2018, Kumar, Gupta and Kishan [6] showed that the Non-Linear Diophantine equation
p*+ (p+6)Y =z%, when p and p + 6 both are primes, has no solution in non-negative integers. Moreover,
Fernando [5] demonstrated that the Diophantine equation p* + (p + 8)Y = z2 when p >3 and p + 8 are
primes, admits no solution (x,y,z) in positive integers. In 2020, Burshtein [1] proved that the Diophantine
equation p*+ (p+5)Y =z% , when p +5 = 2%* where x,y,z and u are positive integer, has no solution
(x,v,2) in positive integers. In 2021, N. Viriyapong and C. Viriyapong [12] studied a Diophantine equation
n* + 13¥ = z2 which has exactly one solution (n,x,v,z) = (2,3,0,3), where x,y and z are non-negative
integers and n is a positive integer with n = 2(mod 39) and n + 1 is not a square number. In the same year.
Tangjai and Chubthaisong [13] investicated non-negative integer solutions of the Diophantine equation
3* + p¥ = z?, where p = 2(mod 3). They found that for y = 0, the unique solution is (p, x,y,2) = (p,1,0,2),
and for y not divisible by 4, the unique solution is (p,x,y,z) = (2,0,3,3). Later in 2022, Pakapongpun and
Chattae [8] had demonstrated how to find the solution of the equation p* + 77 = z2, it was found that there
was a unique solution for the equation, (x,y,z) = (3,0,3) when p = 2(mod 6). In 2023 Tadee and Siraworakun
[14] studied the Diophantine equation p* + (p + 2q)¥ = z% where p,q and p + 2q are prime numbers and
showed that the equation has no positive integer solution.

After reviewing previous research on exponential Diophantine equations, it is evident that this topic
remains both challenging and highly intriguing, particularly in the search for non-negative integer solutions.
Several earlier studies have demonstrated that certain forms of these equations possess either a unique solution
or no solution at all under specific conditions. Motivated by these findings, this study aims to investigate all
non-negative integer solutions of the Diophantine equation

n* + (2p — 1)7 = z2 (1)
where p is a prime number and n, x,y, z are non-negative integers, under the modular condition
n = 5(mod 12) and gcd(n,2p — 1) = 1.
The principal objectives are to find all nonnegative integer solutions under these conditions, analyze the

structural features imposed by modular and coprimality constraints, and close an existing gap in the literature
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since this particular formulation has yet to be thoroughly explored. Beyond its theoretical contributions, this
line of research has potential implications in cryptography. Modern encryption schemes such as RSA, ElGamal,
and Diffie-Hellman rely on the computational difficulty of solving exponential equations modulo large primes.
Understanding the intricate behavior and structure of such equations can inform the development or security
assessment of cryptographic protocols in the future.

1. Preliminaries

Definition 1. [4] Let a and b be two integers such that b # 0. We say that a divides b, and write a|b,

if b = ac for some integer c.

Definition 2. [4] Let a,b and m be three integers such that m = 1. We say that a is congruent to b modulo
m, and write a = b(mod m),if m|la —b.

Definition 3. [4] Let n be a positive integer and a be an integer such that (a,n) = 1. It can be explained that a
is the quadratic residue of n if it is an integer. x € {1,2,3, ...,n — 1} that makes x? = a(mod n) have a solution,
but if x2 # a(mod n) has no solution, we can say that a is not the quadratic non-residue of n.

Theorem 1. (a, b, x,y) = (3,2,2,3) is a unique solution of the Diophantine equation a* — bY =1,

where a, b, x and y are integers with min {a, b, x, y} > 1.

Proof see Mihdilescu [7].

Lemma 1. [4] Let a, b, c,d and m are integers such m > 1.. Then the following statement hold.

a = a(mod m).
If a = b(mod m), then b = a(mod m).

1.

2.

3. If a =b(modm) and ¢ = d(mod m), then ac = bd(mod m).

4. If a = b(mod m) and ¢ = d(mod m), then a + ¢ = b + d(mod m).
5. If a = b(mod m), then a* = b*(mod m) for all integer k % 0.

Lemma 2. Let z € Z is a positive integer. Then z? = 0,1,4,9(mod 12).
Proof. Since z is a positive integer, Then z = r(mod 12) for r € {0,1,2,3,4,5,6,7,8,9,10,11,12}.

Case 1: z=0(mod 12). Then z% = 0(mod 12).

Case 2: z=1(mod 12). Then z2? = 1(mod 12).

Case 3: z = 2(mod 12). Then z2? = 4(mod 12).

Case 4: z = 3(mod 12). Then z% = 9(mod 12).

Case 5: z = 4(mod 12). Then z% = 4(mod 12).

Case 6: z = 5(mod 12). Then z% = 1(mod 12).

Case 7: z = 6(mod 12). Then z% = 0(mod 12).

Case 8 z = 7(mod 12). Then z2 = 1(mod 12).

Case 9: z =8(mod 12). Then z2? = 4(mod 12).

Case 10: z = 9(mod 12). Then z% = 9(mod 12).

Case 11: z = 10(mod 12). Then z2 = 4(mod 12).
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Case 12: z = 11(mod 12). Then z? = 1(mod 12).
Thus, for every z € Z is a positive integer. Then z2 = 0,1,4,9(mod 12).

This completes the proof.

Lemma 3. Let A € Z, and let n € Z* be a positive integer. Then (124 + 9)™ = 9(mod 12) forall n > 1.
Proof. We will prove the lemma using mathematical induction on n € Z*.

Base case: Forn = 1, we have (124 +9)! =124 + 9 = 9(mod 12),

which satisfies the claim. Inductive hypothesis: Assume that for some k € Z*, (124 + 9)¥ = 9(mod 12).
By the inductive hypothesis, (124 + 9)* = 9(mod 12), and since 124 + 9 = 9(mod 12),

it follows that (24 + 9)*** = (9)(9) = 81 = 9(mod 12).

Thus, by the principle of mathematical induction, (124 + 9)™ = 9(mod 12), for all n € Z™.

This completes the proof.

Lemma 4. Let A be a positive integer. Then for any positive integer n, we have:

{12M + 1,if n is even.

n —
(A24+5)" = 119N + 5.if n is odd

For some positive integers M and N.
Proof. For some positive integers M and N, we divide the proof into two cases:
Case 1. Let n be a positive even number, i.e., n = 2k for some positive integer k.
Since 124 + 5 = 5(mod 12), we have (124 + 5)?¢ = ((124 + 5)*)¥ = (144A? + 1204 + 25).
Reducing modulo 12, note that 14442 = 0(mod 12),1204 = 0(mod 12) and 25 = 1(mod 12).
Therefore, (124 + 5)? = 1(mod 12). It follows that (12A + 5)?% = 1(mod 12), can be written in the form
12M + 1 for some positive integer M.
Case 2. Let n be a positive odd integer, i.e,, n = 2k + 1 for some positive integer k.
Assume that (124 + 5)2%*1 = 12N + 5 for some positive integer N.

Then, (124 4 5)2+D+1 = (124 + 5)2k+1(124 + 5)2

= (12N + 5)(144A42 + 1204 + 25)
= 12(144NA? + 120NA + 25N + 6042 + 504 + 10) + 5.

Since 144NA? 4+ 120NA + 25N + 604% + 504 + 10 is a positive integer,

by the principle of mathematical induction, it follows that for every positive even integer n > 0, we
have (124 + 5)™ = 12N + 5 for some positive integer N.

This completes the proof.

Lemma 5. Let n,x and z be non-negative integers. The Diophantine equation n* 4+ 1 = z2 has

no solution in non-negative integers when n = 5(mod 12).

Proof. Assume, for the sake of contradiction (n, x, z) is a solution in non-negative integers to the equation n* +
1 = z2. Since n = 5(mod 12), it follows that n* = 5*(mod 12). By Lemma 4, we know that 5% = 1(mod 12)
(if x is even) or 5% = 5(mod 12) (if x is odd) Therefore z? = 2(mod 12) or z? = 6(mod 12). This contradicts
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Lemma 2, which states that no perfect square can be congruent to 2 or 6 (mod 12). Hence, no solution exists
under the given conditions.
This completes the proof.
Lemma 6. Let p be a prime number. Then the Diophantine equation 1 + (2p — 1)¥ = z? has a unique solution
(p,y,2) = (2,1,2) wherey, z are non-negative integers.
Proof. Let p be a prime number and y, z are non-negative integers.
We divide the proof into two cases based on the value of y.
Case 1. y =0, then z% = 2.1t is impossible.

Case 2. y = 1, let p be an odd prime, and let y be an integer. Consider the Diophantine equation,
1+ @p—1)Y =22
We rewrite the equation Cp-1D"=22-1=(z-1D(Ez+1). (2)

let p—1D*=2z-1 and 2p — 1)¥ % = z+ 1, k > 0, substituting these expressions into equation (2),

we obtain (2p — D*((2p — 1772 —-1) = 2.

Since 2p — 1 = 3, the only possible value for this equation to equal (2) is when (2p — 1)k =1,

which implies k = 0. Substituting k = 0 into the equation yields 2p —1)¥ — 1 = 2,

or equivalently (2p —1)¥ = 3.Thus, y = 1,2p — 1 = 3, which implies p = 2.

Therefore, the solution is (p,y,z) = (2,1,2).

Lemma 7. Let p be an odd prime then p = 1,3,5,7,11(mod 12).

Proof. Every integer modulo 12 is congruent to one of the integers in the complete residue system modulo
12, namely {0,1,2,3,4,5,6,7,8,9,10,11}. We now examine each of these residue classes and determine whether
it is possible for a prime number p = 3 to be congruent to each of them modulo 12.

Case 1. If p = 0(mod 12), then pis divisible by 12, and hence divisible by both 3 and 4. Since a prime
number has no divisors other than 1 and itself, p cannot be prime.

Case 2. If p = 2,4,6,8,10(mod 12), Since 2, 4, 6, 8, and 10 are all divisible by 2, it follows that p is
divisible by 2. As a prime number can only have 1 and itself as positive divisors, this implies that p cannot be a
prime number.

Case 3. p = 9(mod 12), since 9 is divisible by 3, this implies that p is divisible by 3. The only prime
divisible by 3 is p = 3, but 3 = 3(mod 12), not 9. Hence, p cannot be congruent to 9 modulo 12.

Case 4. p = 3(mod 12), this is only true for p = 3, which satisfies both p = 3 and primality.

Thus, the only congruence classes modulo 12 that a prime number p > 3 can belong to are 1,3,5,7,11(mod 12).
This completes the proof.

Lemma 8. Let n is a non-negative integer. If n = 5(mod 12), then n = 2(mod 3) and n = 1(mod 4).

Proof. Assume that n is a non-negative integer.

Such that n = 5(mod 12), this means by definition of congruence: n = 12k + 5 for some integer k.

It follows thatn =34k +1)+2andn=4GBk+ 1)+ 1.
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Thus, n = 2(mod 3) and n = 1(mod 4).
Main Results
Throughout our main results part, let p be an odd prime and let n, x,y, z be non-negative integers such that
n = 5(mod 12). We investigate the solutions of the Diophantine equation n* + (2p — 1)¥ = z2
by considering various cases based on the values of p and n*. To ensure the logical continuity of the proofs,
we present several supporting lemmas 4 and lemma 9 in this section, which will be used as auxiliary results in
the main proofs that follow.
Lemma 9. If p be an odd prime such that p = 1,5,7,11(mod 12). Then for any positive integer y, the following
congruence holds (2p — 1)” = 1(mod 12) or,(2p — 1)¥ = 9(mod 12).
Proof. Let us consider the possible congruence classes of odd primes modulo 12. Since p is an odd prime, it
cannot be divisible by 2 or 3, so the only possible values of p (mod12) are p = 1,5,7,11(mod 12).
We will compute 2p — 1 modulo 12 for each of these congruence classes.

Case 1. p = 1(mod 12) then (2p — 1)¥ = 1(mod 12).

Case 2. p = 5(mod 12) then (2p —1)¥ =9Y = 9(mod 12).

Case 3. p = 7(mod 12) then (2p —1)¥ = 13Y = 1(mod 12).

Case 4. p = 11(mod 12) then (2p —1)¥ = 21Y = 9¥ = 9(mod 12). For all y > 1 (this can be proved
by induction, ify = k,9Y = 9% = 9(mod 12), then 9%**1 = 9:9 = 81 = 9(mod 12)).
In all four cases, 2p —1)” = 1(mod 12) or (2p —1)¥ = 9Y = 9(mod 12).
Thus, 2p —1)Y = 1(mod 12) or 2p — 1)Y = 9Y = 9(mod 12).Forall y€Z > 0,
completing the proof.

Lemma 10. For any integer A and non-negative integer n, the following congruence holds:
1(mod 12),x = 0,

(124 + 3)* =< 3(mod 12),if x is odd,

9(mod 12),if x is even, x = 2
Proof. Since 124 + 3 = 3(mod 12).

Hence (124 + 3)* = 3*(mod 12), and it suffices to determine the residue of 3* modulo 12.
For x =0, clearly 3° = 1 = 1(mod 12).
For x =1, we have 3! = 3 = 3(mod 12), establishing the initial case.

Assume now that for somen > 1,
an = {3(mod 12),nis odd,
9(mod 12),n is even.
Multiplying both sides by 3 gives
3"*1 = 3. 3" (mod 12).
If nis odd, then 3" = 3,s0 3™*! = 9 (mod 12), as required for an even exponent.
If nis even, then 3" =9, so 3™ = 27 = 3(mod 12), as required for an odd exponent.

Thus, the statement holds for n + 1 whenever it holds for n. By the principle of mathematical induction, the

claim is established for all x = 0.
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Theorem 2. Let p be prime number and let n, x, y, z are non-negative integers, such that n = 5(mod 12) and

ged(n, 2p — 1) = 1. Then the exponential Diophantine equation n* + (2p — 1)¥ = z? has the unique solution
(n,p,x,v,2) =(n,2,0,1,2).
Proof. Let p be a prime number and n, x,y, z are non-negative integers, when n = 5(mod 12).

We divide the proof into 4 cases:
Case 1. x = 0and y = 0, the equation becomes z?% = 2. It is impossible.
Case 2. x =0,y = 1. By Lemma 6, the solution to the equation (1) is (n,p,x,y,2) = (n,2,0,1, 2).
Case 3. y =0andx = 1. By Lemma 5, there is no solution.
Cased. x=1,y=1
Case 4.1 xisoddandy =1

Let p = 2. Then (2p — 1)¥ = 3¥.From Lemma 10, we know that for any integer A and non-negative integer y.
3 (mod 12), ify is odd,

9 (mod 12), ify > 2 and even.

Since n = 5(mod 12), by Lemma 4, we obtain n* = 5(mod 12).

(124 +3)Y = {

Therefore, z2 =n*+3Y =5+ 3 =8(mod 12) or z2 =n* + 3¥ =5+ 9 = 14 = 2(mod 12). But from Lemma
2, a square modulo 12 must be in the set {0, 1,4, 9}. So z% = 8 or 2(mod 12) is a contradiction.
Therefore, the equation admits no non-negative integer solution under these conditions.
Case 4.2 xisevenand y>1
Case 4.2.1 Let p =2,
from equation (1), we have n* + 3Y = z2. Suppose x = 2f, where f is a non-negative integer.
Then n* = (n)2. We consider the Diophantine (n/)? + 3¥ = z2. We can rewrite this as a difference of squares
3 =z2—-) =@z+n)z-n).
Let 3¥~" = z + nf and 3" = z — nf, wherey > h and y, h are non-negative integers.
This yields 3#[3Y72" — 1] = 2-n/. Since y > 2h, it follows that 3Y~2" — 1 is a positive integer.
We now consider three cases for h:
Case (): h=1.
Therefore, 3 must divide 2n/, i.e., 3|2n/.
However, sine ged(n,3) = 1 and 1 and 3 does not divide 2 (because 2 is a prime number not divisble by 3),
it follows that 3 + 2nf. Which is a contradiction and cannot hold.
Case (ii): h = 2.
In this case, the equation becomes 3"(3¥~2" — 1) = 2n/.
Since h = 2, it follows that 32 = 9|3", and hence 3|2n/.
This implies that 3|2n/, which is impossible because gcd(3,2n/) = 1 under the assumption ged(n, 3) = 1.
Therefore, this case leads to a contradiction.
Case (jii): h = 0.
The equation simplifies to 3¥ — 1 = 2n/.
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We analyze this congruence modulo 3. Note that:
3Y = 0(mod 3), it follows that 3¥ — 1 = —1(mod 3).
Thus, 2nf = —1(mod 3), Which implies that 3|2n/ + 1.
However, since ged(n, 3) = 1, it follows that 3 4 2nf, leading to a contradiction.
Alternatively, if y is even, then 3¥ = 1(mod 4), so that
3Y — 1 = 0(mod 4), which implies that 2n/ = 0(mod 4).
This implies n/ = 0(mod 2), i.e., n is even.
But this contradicts the assumption that nis odd and gecd(n, 2) = 1.
Hence, no solution exists in the case either.
Case 4.22 et p =3,
from Lemma 9, (2p — 1)¥ = 1(mod 12) or (2p — 1)¥ = 9(mod 12), from Lemma 4, we have n* = 1(mod 12).
Thus, z2=n*+ (2p —1)¥ = 6(mod 12) or z? = 2(mod 12), which contradicts Lemma 2. Therefore, in this
case, there is no solution.
This completes the proof.
Corollary 1. Let nbe a positive number such that n = 5(mod 12). Then the Diophantine equation n* +
(2p — 1)¥ = u®¥ has a unique solution (n,p, x,y,u) = (n,2,0,1,2) where p be prime number and x,y,u,w are
non-negative integers.
Proof. Let p be an odd prime and x, y, u are non-negative integers. Suppose that uv = z?,
Then Diophantine equation n* + (2p — 1)¥ = u?" = z?2 has a unique solution (n,p, x,y,u) = (n,2,0,1,2).
By Theorem 2.
Corollary 2. The Diophantine equation 5%* + 13¥ = z% has no non-negative integer solutions,
where x,y and z are non-negative integers.
Proof. By Lemma 4, 5%* = 1(mod 12) and by Lemma 9, 2p — 1)¥ = 1,9(mod 12).
Therefore, z? = 2,10(mod 12), which contradicts Lemma 2. Hence, by Theorem 2, the Diophantine equation
52*¥ 4+ 13Y = z% has no non-negative integer solution.
Corollary 3. The Diophantine equation 29% + (2p — 1)?™*1 = k2t+2 where p be prime, has no non-negative
integer solution, where m, t, x,y and k are non-negative integers.
Proof. Let p be prime number.
Suppose that y =2m + 1, z = k' so 29% + (2p — 1)¥ = k?'*% = 22, From Theorem 2,
Then the Diophantine equation 29* + (2p — 1)?™*1 = k2?'*2 has no non-negative integer solutions.
Corollary 4. The Diophantine equation 17* + (2p — 1)Y = h?t, where p be prime, has no non-negative integer
solution, where t,x,y and h are non-negative integers.
Proof. Let p be prime number.
Suppose that z = h',so 17* + (2p — 1)Y = h?' = z2. From Theorem 2,

then the Diophantine equation 17* 4+ (2p — 1)¥ = h?" has no non-negative integer solution.
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Discussion

This study provides an in-depth analysis of the exponential Diophantine equation
n* + 2p — 1) = 22,
This study provides an in-depth analysis of the exponential. Diophantine equation n* + (2p — 1)? = 22,

under the modular condition n = 5(mod12) and gecd(n, 2p — 1) = 1. The results indicate that the the equation
admits a single non-trivial solution when p = 2, reflecting the rarity of non-negative integer solutions under
these constraints. Moreover, it is confirmed that for other values of p, no non-negative integer solutions exist,
and z cannot be a perfect square outside of this solution. These findings align with previous studies on related
Diophantine equations. For instance, Kumar et al. [6] and Fernando [5] showed that certain non-linear
Diophantine equations with prime parameters admit no positive integer solutions, while Viriyapong and Sroysang
[9, 12] found that unique solutions exist under specific conditions. Despite these advances, several questions
remain open regarding the behavior of such equations under broader conditions and more complex structures.
To address these gaps, future research may focus on:

1. Extending the analysis to other modular conditions, such as n = 1(mod 4) or n = 3(mod 8), to
examine whether the uniqueness of solutions persists or varies under different arithmetic constraints.

2. Exploring additional families of exponential Diophantine equations, particularly those involving
multiple exponential terms or higher-degree exponents, to gain deeper insight into the general structure of
solutions and to potentially formulate new theoretical conjectures.

3. Investigating computational methods using modern mathematical software such as SageMath, Python
(with SymPy or NumPy), or Mathematica to empirically verify the uniqueness of solutions over broader

parameter ranges, especially in cases where theoretical proofs are difficult to obtain.

Recommendations

Based on the results and the scope of this study, the researcher offers several recommendations for
future research and educational applications.

1. Broaden the investigation of exponential Diophantine equations by exploring more diverse modular
conditions and wider parameter ranges. This could help uncover new solution structures or unexpected
behaviors. For instance, future studies may examine equations of the form a* + b?¥ = c(mod m) across varying
values of mmm, to analyze patterns of solvability and periodicity under modular constraints.

2. Utilize computational techniques to support theoretical work and explore related number-theoretic
equations such as Pell-type equations or exponential forms involving recurrence relations.
Performing exhaustive searches for small integer parameters (e.g., a,b,x,y < 1000) may reveal special or
exceptional solutions that can guide the formulation of more general conjectures or proofs.

3. Incorporate these methods into mathematics education, particularly in teaching number theory and

problem-solving strategies. Computational tools, such as Python, PARI/GP, or SageMath, could be used to help
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students visualize and analyze Diophantine equations, thereby strengthening losical reasoning and conceptual

understanding through hands-on experimentation.

Conclusions
This study examined the exponential Diophantine equation n* + (2p — 1) = z?%, where p is a prime
number and n, x, y, z are non-negative integers, under the conditions n = 5(mod12) and gcd(n,2p — 1) = 1.

The analysis shows that the equation has a unique non-trivial solution given by
(n,p,x,v,2) =(n,2,0,1,2).
No other prime numbers yield non-negative integer solutions, and zZcannot be a perfect square in any other

case. These results highlight the rarity of solutions for this type of equation and provide a framework for exploring
more complex cases. They also offer clear and illustrative examples for teaching number theory and Diophantine

equations.
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Abstract

Antimicrobial resistance (AMR) is a global public health threat, particularly among Gram-negative
bacteria that possess multiple resistance mechanisms, including enzymatic degradation, target modification,
and antibiotic efflux. Wastewater treatment systems receiving discharges from hospitals, pharmaceutical

industries, and community wastewater are recognized as major hotspots for the accumulation and
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dissemination of antibiotic-resistant bacteria (ARB) and resistance genes (ARGs) through horizontal gene
transfer (HGT). This narrative review summarizes current knowledge on bacterial resistance mechanisms,
environmental dissemination pathways, and recent technologies for AMR mitigation in wastewater systems.
Evidence indicates that conventional treatment processes cannot completely remove resistance genes,
highlighting the need for advanced disinfection methods such as ultraviolet irradiation, ozonation, and
advanced oxidation processes. Strengthening source control by limiting the discharge of antibiotics and
heavy metals and adopting the “One Health” framework that integrates human, animal, and environmental
health are essential for effective and sustainable AMR management.

Keyword: Antimicrobial resistance, Gram negative bacteria, Wastewater treatment, Resistance mechanisms,

Environmental dissemination
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druiupanunuveads [12, 13] U389 Hassoun-Kheir wagaue [7] WuIshetanLde 81% veanisinm

eudennismeuaiiszaunsiuleuienarunsengininindsguvumlvegrediduddey uenainily

n:l a
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asUnssiuiniideannlsmeuiadulededdgyiidatonoseanganmuwindeunieuen [7] wWenoenfimuvesluih

o

v v

WEea1nl59aNe1U1a Wi Enterobacteriaceae ‘ﬁla‘%"m ESBL wag Carbapenemase (i 8u blaCTX-M, blaKPC,
blaNDM-1), Enterococcus ?ﬁuamﬂaq'u Glycopeptide (Vancomycin-resistant Enterococcus; VRE), Staphylococcus
aureus fewfigadu (Methicillin-resistant Staphylococcus aureus; MRSA) 1usu anrsaasianulaluiiits
Tsaneunalusgduiigsninuvasdu [13) #regraniu Tu blaNDm-1 wilu 71% vasfegaindenlsmenuia
ieuitu 129% Tt uderamu ity mecA (Fowditadulu MRSA) wuUTum 3.26 x 107 copy/100 fadans luih
Felsameruna uanduiunmzdidelinudu meca arnindsmaunaialy [11] Snfegrawilsie Bu ESBL wu
blacTX-M nuluddelseneuailaanududy 7.96 log copy/100 fadaans qaﬂ’iﬂu‘f'nﬁmﬁaa (6.86 log
copy/100 fiadans) oeneiifeddty (11, 12] FetivduilsmennaduuvaasandowasBunosfimuuiuning
Foanyuauialy dndearnlsmeunadsiuiina Mobile Genetic Elements (MGEs) g4 it 114 (genn 2 1vi7)

v

waznanadia (gendn 3.8 i) Waliieuiudideyuyy Seuatiennnudegaeansaenenduluwuiueu [11] wid

v v v
P

thidelsmeunadudadudiondniion (dosnin 2%) vesUiinaidemauiaisun winsfidwdemaifidons
eiisuusuaziAnadesiunsinymndinlussdufigeniegaiiulddn (111 ldAnemnudilatinisttndide
o el (on-site pre-treatment) vadlsmeuta o1udusInsMsRdUszAvBnuazduaogadduntssuds
NSUNINTEALURI AMR Viﬁumwﬁqm ﬁauﬁl,%yamdwﬁ%ﬂzﬂulﬂﬁuﬁ’nﬁasqmuiuﬂ%mmmﬂ
dndenniagasvnssy (asianzgaamnssundunsa)
magpavnssuRgtesiumIndsriensidefiglutiinannn Wudnumdmieitiunumlutym
oo fetuiidanue lnuraneWiTiue Fomnfimsdansiidelii o1udesiiaseddyuazdenesn
aaﬂaj?ﬁl,mé’auimmﬂ [14] ixé’fwmmL%u%usuaamﬂﬁ%auﬂuﬁ’]ﬁamﬂiiwumumwiqamdwm Cunx bUWATELN
voutheildzuendedn viliunanilndiAssnaeduumaanis “Superbug (giasin)” musssumi s1eaide
Tne Kotwani wagang [9] seyintnfisnnlsanuen smuiousemmududugaonisejiusuasduiios uay
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lifinmsmuguiliiiome wansfennuduimamisaiesssuuazngasdouiidey Feadhs waamegedin’ dise
mMfmumsventenesludwindouegaudstu warenaveuriasanuneisuseaulanlunisannislien
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uenaniinisidideyusuiiuvasiinvannvats wu druideu $ruvse Wiuewadn WWudy vl
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ql'?ﬁLL’m5amﬂuﬁﬁgmﬁwﬁﬁgizﬁdm Tngangluuszmamdaiam Fe8ruismnuazanlunIsunsnszaeves
AMR Tuasnia [12] Tuwauziilsanerunauaslsanugaavinssuendu "widsiidaenzqeidanumdsge’ dmiu
AMR AifianuguussFerududugs dndsyueuwindh iy uwidsasanuinuanniinggaieia’ Sinszaeiude
gvanvanevialuindannden Jemneanuiinsaiugy AMR Asszansamliiieassyadilufudsiuda
Amadssgavindy uddossuuslasainsiugusugnivalunmauiauaznisiamseujTiugves sz
Tunsnie ieanUiinumuvesdiofesludanadon
4. wansznuveaTaRosoguA MY Biuariwndeu nsfleguandenuafienosluduandouodunivats
neliAnduanauiieussuasannuanesotigunimussysduarA LAYy soivessz Lo
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Tregneegnsdidedfty [1] sndiegradu nsinlenssuaidionnie K. pneumoniae omsuiiuniisnsinisidedin

Uszanal 50% LgununsanweaalenusAdalineamsuiiui (20%) uanainiwenssnsindadldeunansaanimiu
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Sedoreruniganndeund syudanunsosudefesnduinlivatenis wu mavilaathuiesmsi
vudlouioros mssdudariufanssudunnmsegnsnisiediluivdaisssunaifidodos fouidenuis
dniaudsnilonalddu £ coli Aosmsnsnduiutmeiainnnitauiialy wagshushsldeims fn wald wiedns
ihilmzdes Wulsluanmundeuiifidedesannsaiidematungduslaald (121 venmnmsindolasnse
uda Aeiifnafonisiuuafizelusenievesaus wu weiideludld lusuudosnanuueiidedaunndey
yilsinaneifunmeBuiioslaglidelse uimndemardunsludsBunienmedudonislonanmendsioiniiay
$nw deiudorosludunedonisdeidussnnaudoguamuyssiomemsaasmedon dunamsdura AMR
Tndsnndeulnedouand it o1 wavmsidumnglusienie waadlidiui AMR Lillddisdtiymnsinide
Tulsmenuia widuarudssugunmilunsnssanelugusy fdunuduamsugudomssveunesnliuen
ADTUNYIUIA ATBUAANTINISAUNAUIAAWINARL ANYABAABYEIDIMNS arASTUSIAATIInNRSEITnSIA
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assauieuanudsmndunnden Taeidusi "Aignudesgianadouannadoundumgiald”
HansEMUsaEIndeuLaTsEUUTLA

uenleanuarieuyududs maflegueseUiiusuasdonosludanadouddsmanssnuroaugaves
svuvinmyadnuardanndoulaes nuitelutimddnmsludeuresentiusuaziuionludwndon
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a

guruduvsdisuwlatiuannidy fegrau msvuteausiuglufuuasinansdmsoduduuailissunengy
unumgesaangansdunsgusonselulnsiau daalinssuiunsmyuideua1se1ms (nutrient cycling) uaznis
gouaANUATBUNTIUNNIBY AuldoNAMNNLALULFALAS AANANEANTINYATLALAMNINUI FaVneTiganTenusie

ANUIUAIMINEIMTIaraUN YR UUTnAlae T (7]
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uenaniidenesieunslusssumi envluuisduuay laduuaiiGeUsesau A lovisuduiiuiles
Tusruuiive shlfeumainuanensdanimuosgadinanas inmsdeaugalugadnnguiuuasin dnineine
VeduFmesin Suieen asgnanbilu “asuafivuiinlnd” (Emerging Contarinant) Tudwndey Wudeatu
lulasnanafnvizeansiafiaun (23] mszulduarlilvansiadl uinisunsnssanevestumoeniinansenuiduasning
LazenuResTUUinAodeited iy Suosuansisanaisuafivmaaiiialuasisududdtiauazansa
nevemunsrUIuMIeiugnssu U Tiaaseiauasunsnszaneluldlussoendlng madavenavdude
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FaGenfedifinadnmsfanedeunuuysannisniuiinssriindmndeslsssswimafivnaaiuasdanm
5. uumeaauauuasmaluladivsilunisianaidanoslutude

desnszuudamiideuuuiily wu ssuusenowss veidinernia iudu ldannsaiidadenosuas
fudoeldonaiussaniamifisme wamaniseuauigmisududesederannsnsdanisundatiie

waznsUSuuTawmalulagnisuindn



2.3, inalu. AdsaRNNIHINYIE 67 99 11 aUUN 2 NINNIAY - TUINAY 2568 [/

a

nsArUANTuMEidn

“Josunowin Andunluiinds” Li‘]‘uwﬁﬂmséﬂﬁzﬂumiaﬁ’mf‘?ummws'ﬂs:maL%a?iuam wAsMsiTe:

(1) mslderufiFausasnamanzan: lulsmevianaradnd msannslilaglisiduioannisinidones
Tual (19) Tasan1suimsdnn1snsldenufdiue (Antimicrobial Stewardship Programs - ASPs) fiunumandgylu
nsdaatunslienegsauivnaung

(2) msthdaddeianizaafiuvdeida: iy fndassuuiidaduguunngesiinseenvenindelsmeuia
vEolssrumAnenouldesamesiumeauta [11] msnisvuiifuasdudniinsiulgaisssuutdadideves
WIAUR mexﬂ%mmﬁ%ﬁm’mﬁmﬁwLﬁmm&hﬁﬁasjﬂ’jwLLazﬁmmuL%'wﬁu%aduaaﬁqq WILEUANITINNITUENAUIN
wunsiifiaruddednbidmiuusmamdmannidlassadiuguuuusugudsiia [19]

(3) NMIAMMUAAININTFIUNNTTEUNY: S§ANSAMUA “A1FTTHNIAUIaEIUTINgludNe” Wy seAuAuudy

a

geanvaseUfiugoygnlviiluidslsmeunaiolsenu nufsmuaunisudeslansudnuasarssideuns
siafinswinduiladesnlunnidendofion (co-selective agents) iasgiumaniaznzduliuvaatiindos
UsuUsnmsirinuazannmsudesanside [11]
sy wtfumseuauiiunasinidn Taslanizeensd sdmivuvasindanundssgs wu lssweruauay

Tssnusdnen wansiannsiddsuudandsnagnsannisirdanuy "Uanevie Midlumsnevaues lugnistesiuidesn
i "duth Fammneanuinsevuleuievesss msliauddysunstmusliinmsdiadduiidauuunmatsiy
waznssidoumsssuisiidune a geingrmar iesnausadesiunsdndenuuunafuiisuisuandeno
gnfifianuguusigennmadngssuaunnden faglinanouimuanmamuiigsudmiunseuan AMR
nsUsuUgInszUIuMsidaide
Jagiufinisfnwmiisifussavsnmmstdaidenes/Buneslumstidathide dsheghauumaielui

(1 mil,ﬁu%y'uﬂawzhL?}’a/v‘i']awaﬁﬁusqnﬁu%”uga: WWTP vrawisldifiumssindelsalutulaein wu

v Ao

Aaesu (Aufinvaaesuluduulalunaslsv), Ssddanshilewmn (UV) e lelsu Wiesndegdunidnvaanieluinng

o
o

wonani§alinsldnszuiuniseandindudugs (Advanced Oxidation Processes, AOPs) @u n15ldoyya

U

aaa

lansendaanufizen Fenton, nsa1eded UV sauduwesesnles 1Judu ilovhanganssunsduazunsdIuena
yhans DNA Basefifldufiesn nsvuauns Fenton/UV uay Uv-activated persulfate fuszAvsnmgadufimg
uaz AOPs Alfussrmdudiuusenoufnansfnenmlumsananudesniswdaamy [25]

(2) mansassedvge: mslfnnusunsesssiululasviosannitawsduluduneugaine wu msldssuu MBR
_ Membrane Bioreactor awnsansasvinuuaiidesonllanminisldegnsdiussanznmannnia settling wuutiy
aAN15MgATENT8Y ARB (WA ARG luu DNA Bassuumadnunndienaniuls) Jvenadeawanuiu AOPs lumsiiane
DNA [19]

(3) msdanisnnagnau: iesndenuafiBouar ARG Snavauogluninanoufiusnsenlussuutita ns
§an13 biosolids wdsniudsiinrwddn nisldinalulad wu n1seuuiadasanudou nsliyuan (ime
stabilization) n1sgesaananuuldlteinia (anaerobic digestion) wsenswnluillieandiau arudlseauintivan
UsnaibonenuarBuenilunnagnouadldogian

o w

(@) walulag¥anwlna: nilsluwuamsiinaslasuanuauladenisldhiaenuafitenisuuameilo wa
(Bacteriophages) \uiasasiionnnansd@enesiluindy [10] uuaAeife nMsAndenwafianzasewuaiisenslsa
preidAy wanAvadluluszuuinUanieluwnasniiomdndomantiu enwideaiganuil W19a1u1saan

Ysunadenesitudndelaasdagliastmansenu wu nsneasslavialafiniu Aeromonas spp. Ave1finenan
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Udensuassdnd wuinwandnunausasniuaiizeidivung annsiiafaudanin uazidrgiionaassluds

o o

UfnsaififinguyaTnvansvin Wiafivisandadau Aeromonas Aeeluguruadldogaiifoddn shlAdeiauet
yhalafnealfiiuitauan ARB lusruutnids [19] Snineluladuilsiiegluduunanie mslfioulsidosaas
DNA vi3eunlumeluladlunisviians ARG Taenss wu TdunluwumiiSeatifinuandAifinufisen Fenton ilovae
viang DNA Tusguu [25]

maiamealuladnsiidadugeesmaluladaniwl 9 Wy mavidadaerg uandfiiuions
Wasuwasluguumadlatam AMR luhideifidmnsomenzauazenadsdiunntu sgdlsinudediind
Hapsagie msliansaidndononld 100% uazduyuiigs [11] Fasnearurinisavifissnisutlatiynmis

Y

walulaBegafeilifivsme uagnondianuinluvetuimauuesdsuiiysannsnsaiuauiiunasiiia ns

qu1Av1a9avu wazn1sldeufTiuredesounsy wiuniasianiesuaniswile Jgviiivatevie lnelduans

'
o v A I o o o

walulagndAgyiatie v Unsuanslunsnen 2

o

v o

Ussanduauazvainna

Lif38la s udlaiuitymlfessauysal ssvuthtndugmnuuuliannsaiidn ARG uay ARB ¢ 100%
wazdndelidnage nmadenldaisdudnvasysannamaiedisuiu wu nsdanisuuunaunaugudnaluaz
N3¥18 (centralized & decentralized mix) %ﬂﬁﬂﬁﬁ'@%ugjnLawwmuiiﬁwmma/kﬂﬂu‘c’n (decentralized) Auf
fumssnszduursduneululssintianans (centralized) wwamstiaranisiiadoresilumiidei ssuunasin

< o

dnsimsiidneen sgslsinsniudesiiansaniwanssnudundoudy 1wy wdsnudld UsinafeSeunsyan
dielikdladuasnsiliiuauelagsiy
NSz ImazAnn

drudirguasnsiauunsnsiEiseTatelsnnues ARG/ARB  Tussuutnidelas@unndon Wy ng
o an o o & ' = . . A @ A ) A v A a
WAILINIMIgIUITNIVTAEURABYT B1U gPCR %38 Metagenomic sequencing Miluiiwensu eldiussuiiisunay
Anmnuuualdule [20] JagtumhsnunansUssinaBuussgnisnsia ARG luhidedudiunilsvedlusunsuiisz s
AMR AU W 1ASIN1511599909 WHO GLASS luunsuseweiinsiadiuneentutdayuwuiiiofinsiu AMR Tu

v a v [ 1 L4 a a a ! U Y ! I
sgiulseens  msiideyaiiseTnsielisaliulssdninavonnninising 9  uaruudsaleuglaviuvia

M15199 2 walulagnisunuaundenazuseansanlunisnndnaneen / dunasn

Usginsaw
nsEuIUNsUIUn AN TagUszanalunis dof daiin
an ARB/ARG (%)
Activated sludge / dogaanyasdunsd sunwan, 16 ldidngudase (free
) 50-80% )
Conventional aeration Imaqauma LNIane DNA) 1a
nsnssszauly o 3
Membrane bioreactor 3 . ANNITNGNITBA Al 18g3, fad
1A5-8an51 S 90-99% 2 on s
(MBR) . YouTolin Un3esnw
M
a1y DNA 984 o
e L L L Uszavsnwanadlu
UV disinfection AUNILNIYIE 70-95% liashweudend y
Y

danshilalan
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Uszansaw
N32UUNTUIUA NN TngUszuailunis Jah Ja311in
an ARB/ARG (%)
Ozonation / AOPs asweyyadase (-
(Advanced Oxidation ~ OH) LiVevhangans 90-99% a1y ARG Lo FUYUNEILES
Processes) WAz DNA
THuuawmeslanm . . Aoadenvadwg
Phage therapy / L x oy 80-95% (a1 laladsansindl
haneionayn ) WAYAIUANNANTENIU
Biocontrol , wWhnane) ANANA L
DIVREHGHY Aunday

6. uATE LAz iudagtuiuianndeuiuidanosn

audladeiu AVMR Tudandeuiduiannesasind Tnefusuiuddelng o wavwnliudaleuns
sedulanfimdafuuniisnisweanagnslueunan
A157398A1U Co-selective pressures

Usziiudilafumuadlainnie nsiiansuafivdu q ludanadeuuenane ufToug famisadanusdds
Aauazasagvas AMR Iéiduiu [7] arswdrdonalildsdolasnsdussdududus uidnaduliuuadiSeses

USudmeTsnluniunishesudue Sendn co-resistance %5e cross-resistance [17]

Aa Ay o

Tanzutn: nuddenuiwuaiSeidudaneunmsednedluanududugduiiy fauinishesfiueaiugly

o ¥ o
[ '

# lesnBuielanzunndiegsaufuBuiosufturuumanadaifisadu vietuditulansesnanwadfivudy
FueufTauzoonlesne [27] Tansuiinlddmaienisifauinisvesgadmnuiuiiuiudul fedinneunislden
UfTuzdedn

38T (Biocides): asshideillfiiuansnde anssiidelsn uazansiuye Aanunsodmdennalnnisienniivili
anubhisieeUjTuzanasla

lulaswana@in (Microplastics - MPs): M33deiiAndulmlssyinlalaswanaindu "wnanvledu wie "sonavon’
dmdumsnemvedlulefiduveuuniiFouaznsievenduluuuiuey dsoravimihidu "wine" dmfunisvuds

¥

Funpenluanmwandeunisin [18] “plastisphere” Faduszuuindlulody

'
a1

NBFIUULAYNANERN #1U150ANTY
Forelsnfiunnewnsuasviminfidusenadendmiunmsdevendulusuiuey

mudlafifintuiientu "Co-selective pressures” anmlangwin asaiide wazlilasnanain weldidu
dafuiidudeulumsnunu AMR Asiusdihutavannislisdjurasediann uimndsasdinisuudioudanadey
droansiilaldenufimemeand nsResfidngniuindounarasegld fmsanuihdndufesdinagnsniseuau
usafivdaadoniintely dewenmieluainnisaiuauenfiiusfissed aies eduds AMR 1dogad
Usgandnn
nsléinalulad Omics uazdayavurnlvgy

wmalulad Metagenomics Wag Sequencing iwmgﬂmuasﬁaﬁu iliauIdeansanensia resistome
(gnBumoniaviue) vosAwandousn 1 Idegsaseungu wnltuimeliifuinegs 4 wdBufiosnileglusuma
susdaiy @wandouiilignsuniuAftumadlussduiiugiu) uifanssuvesmyvdiilinmumainnansuay
U3uaumes ARG Tussuuifindufiasssum msfinudluudmefinnunsunsvesduiossswitanminndeunas
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fnemsywinsaosunast 1318 WGS (Whole Genome Sequencing) lunssyuiaingwes AMR fdsnanefu
1A51U uazfimaianngIudeya ARG seuaIna 1Wu CARD, ResFinder, MEGARes (Judu fiteliinidevilan
wandsuteyanisny ARG lusi q 16 nadrdeilifiutuuazaududouvesmalulad Omics Tnsianzagnads
quantitative metagenomics MduAsuudasnisihsgis AMR ludanadenannisasedunuuiitmanglugns
yhunuil resistome a8 1uATaUAGL AvikaniisnsiuAsuiainssuaimilunnuasnsnveasiiiazndlagivie
vosnsheslussuuinaiivainvangldognsauysel feieliansassyfonnaniifntulsildosausiugd iy
wasiilugnisunsnussiiduindeusiedeyafiiusyavsammanntu [26]
n1shszda AMR riutinide (Wastewater surveillance)
HagtunangUssmmiiulinansadu/denesluinidnduaiosdodh s Yoeeduguru Fuunlduidldsy

o

wsmanAuIINnsEANudIsIves “analaintuiids” Tutlsaszuin COVID-19 Mruin wwndnieaiugninun

£
asda

Uszgndliiu AMR lagnsianumsudanugnvesdunaeuisiiuduvsoanasunisidentugusuty q 3543
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Abstract

This paper employs the Simple Equation (SE) method in conjunction with Jumarie’s modified
Riemann-Liouville fractional derivative to derive exact solutions for the space-time fractional modified
Benjamin-Bona-Mahony (mBBM) and Zakharov-Kuznetsov Benjamin—-Bona-Mahony (ZKBBM) equations. The
obtained exponential-type solutions describe kink-shaped traveling waves, which are illustrated through 2D,
3D, and contour plots using suitable parameters. The results confirm the efficiency and reliability of the
proposed method as a robust analytical technique for deriving traveling wave solutions in nonlinear
fractional models encountered in science and engineering. This study extends the SE method within the
framework of Jumarie’s modified Riemann-Liouville fractional derivative, broadening its applicability to
space-time fractional systems. The approach establishes a new analytical framework for fractional traveling
wave solutions, and the derived results uncover additional dynamical behaviors of the mBBM and ZKBBM

equations, demonstrating both the originality and effectiveness of the proposed method.

Keywords: Space-time fractional mBBM equation, Space-time fractional ZKBBM equation, Simple equation

method, Jumarie’s modified Riemann-Liouville fractional derivative, Kink wave

Introduction

In applied and engineering mathematics, nonlinear fractional partial differential equations (PDEs)
have gained significant attention as effective tools for modeling complex real-world phenomena. These
equations are widely used in fields such as fluid mechanics, chemical kinetics, solid-state physics, and
plasma wave dynamics, as well as in air pollutant dispersion and chemical physics. In recent years, various
powerful analytical methods have been developed to solve nonlinear fractional PDEs, such as the

Kudryashov method [1], the G/G-expansion method [2-3], the simple equation method [4-5], the modified
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simple equation method [6], the Riccati sub-equation method [7-8], the modified extended tanh-function
method [9], the improved modified Sardar sub-equation method [10], the improved Riccati equation method
[11-12], Riccati-Bernoulli sub-ODE [13], the first integral method [14], the unified method [15], etc.

In this work, we employ Jumarie’s modified Riemann-Liouville fractional derivative (UMRL derivative)
in combination with the simple equation method to obtain analytic solutions for the space-time fractional
modified Benjamin-Bona-Mahony (mBBM) equation and the space-time fractional Zakharov-Kuznetsov
Benjamin-Bona-Mahony (ZKBBM) equation. Some fundamental properties of Jumarie’s fractional derivative
used in this study are presented below.

The definition of the JMRL derivative [16] of order ¢ is expressed as:

5[ et (o-1m)

f("’)(x)—hm k=0 5 , 0eR 0<d<1, (1.1)

which can be written as

(¢l) :
F( o) L[ x-p ) - 1B, if 9<0

DY (x) = B)PIf(B)—f(0)]dB, if0<d<1 (12)

F(l r(1-¢)dx+ j(

(£ n)(X)](“) if n<$p<n+l,n>1,

where 3 denotes the dummy variable of integration.

The definition satisfies the properties of the modified Riemann-Liouville derivative [17] as follows:

D¢XY — F(y+1)XY7¢
" C(y+1-¢)°
D! (f(x)g(x)) = g(x)D{f (x) +f(x)Dig(x), (1.3)
DYf(g(x)) = f,[g(x)IDie(x) = Dyf[g(x)](g'(x))".

0, x>0,

The simple equation (SE) method, introduced by Nikolai Kudryashov [18], is based on two main
ideas: using general solutions of simple nonlinear differential equations and accounting for all possible
singularities in the equations. The SE method has been successfully used to find exact solutions for various
nonlinear equations. These include the (2+1)-dimensional breaking soliton equation and the modified
generalized Vakhnenko equation (2016) [19], the nonlinear space-time fractional Estevez-Mansfield-Clarkson
(EMC) and Ablowitz-Kaup-Newell-Segur (AKNS) equations [20], and the (1+1)-dimensional dispersive modified
Benjamin-Bona-Mahony (DMBBM) equation as well as the (2+1)-dimensional cubic Klein-Gordon (cKG)
equation (2022) [4].

The SE method is particularly advantageous for solving fractional space-time PDEs because it

provides exact and straightforward solutions, even for complex nonlinear equations where other analytical
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or numerical techniques may struggle. Unlike some methods that cannot handle fractional operators
effectively or produce cumbersome results, the SE method directly yields clear kink- or exponential-type
solutions, demonstrating its suitability for addressing challenges in the mBBM and ZKBBM equations.

In particular, combining the SE method with Jumarie’s modified Riemann-Liouville fractional
derivative allows for a more efficient handling of fractional-order derivatives, which are otherwise challenging
to treat analytically. This integration reduces limitations associated with traditional SE method applications

by enabling the derivation of exact analytical solutions in a more systematic and compact form.

Algorithm of SE method
In this section, we present a systematic approach for obtaining traveling wave solutions of nonlinear
fractional partial differential equations (PDEs) using the simple equation (SE) method in conjunction with the

Bernoulli equation [4, 20]. The general form of a fractional PDE considered in this study is given by:
G(u,Diu,Dfu,Diq’u, Df“’u,D‘i’Dﬁu,...) =0, t>0, 0<op<], (2.1)

Here, u(x,t) is an unknown function and G is a polynomial of u(x,t). The main steps of the SE
method [4, 20] are as follows:
Step 1. Wave transformation
We suppose that
kx? ot

L@+ TG+’

ux, ) =uP), p=

(2.2)

Here, B represents a general traveling wave function, and @ is the wave velocity constant. When
® =0, the solution corresponds to a stationary wave. If ® >0, the wave propagates in the positive
direction, whereas for @ < 0, it travels in the negative direction.

To transform the fractional partial differential equation into an ordinary differential equation, we
apply the chain rule for fractional derivatives to calculate the derivatives of u(x,t) with respect to X and

t. First, we compute the fractional derivatives of B with respect to X and t:

S O S A N
o= gy % ()=

b T kx? B ot? _ k o (ob)_
D*B_D"(r(q)ﬂ) r(q>+1)]_r(¢+1)D*(X )=k

using the chain rule, the fractional derivatives of u(x,t) are then given by:

Dfu=Dfu(p) = L DI =0 L,
dp dp
du

Dfu=D!u(B)= j—gDﬁﬁ = kd—B.
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By applying the traveling wave transformation described above, we obtain the following ordinary

differential equation

Q(u, ku’,—ou’, k*u”,...) =0, (2.3)

where Q represents a polynomial involving u(f)and its derivatives, the prime symbol (")indicates
differentiation with respect to .

Applying this wave transformation, the partial differential equation (2.3) is reduced to an ordinary
differential equation (ODE) in u(P) . By performing algebraic simplifications (and integrating once if

necessary), the resulting ODE can be expressed in the form of a well-known nonlinear Bernoulli equation:
u'+pu=qu”,
Where P,  and N are constants, and the Bernoulli equation can be solved using standard methods [21].

Step 2. Reduced ODE Form

Assume that Eq. (2.3) admits the following formal solution:

u(PB) = iaij(B), (2.4)

where a, (j=0,1,2,..., M) is a constant parameter to be determined later. The functions involved satisfy
simple ordinary differential equations (ODEs). In this study, we use the well-known nonlinear Bernoulli
equation, whose solutions can be expressed in terms of elementary functions. Specifically, for the Bernoulli
equation:
2
F'(B) = pF(B)+qF"(B). (2.5)

Step 3. Balance Principle

The balance number M in Eq. (2.4) is determined by equating the highest-order derivative term
with the nonlinear terms present in the equation.
Step 4. Solution attainment

The general solutions of the simple Eq. (2.4) are given as follows [4]:

Case I:if p>0 and q <0, we get
B pep(ﬁ‘*'ﬁo)
F(B) = W’ (2.6)

where BO denotes a constant arising from the integration process.

Case ll: if p<0 and q>0, we get

p(B+Bo)

___bpe
F(B) = —qum ) (2.7)

where Bo denotes a constant arising from the integration process.
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Application of the method

We investigate the traveling wave solutions of the nonlinear space-time fractional modified
Benjamin-Bona-Mahony (mBBM) equation and the space-time fractional Zakharov-Kuznetsov Benjamin-

Bona-Mahony (ZKBBM) equation.

The space-time fractional mBBM equation

The nonlinear space-time fractional mBBM equation [22] is
Dfu+D?u—8u’D?u+D*u=0, t>0, 0<$<I, (3.1.1)

kx? ~ wt®
C(¢+1) T(o+1)

By applying the transformation to Eq. (3.1.1), the equation is reduced to an ordinary differential

where O is a nonzero constant. Using the traveling wave variable B =

equation (ODE):
(k—o)u’—dku’u’'+k’u” =0. (3.1.2)

Integrating Eq. (3.1.2) with zero constants, we get

dku’

+kKu"=0. (3.1.3)

(k - o)u—

Using the SE method, the solution is assumed in the form of Eq. (2.4). Next, we balance the highest-
order derivative terms with the leading nonlinear terms in Eq. (3.1.3). Consequently, the solution of Eq. (3.1.3)

is obtained as follows:
u(B)=a, +a,F, (3.1.4)

where F satisfies Eq. (2.5), Therefore, the following is an expression for u” and '

u”=a,p’F+3a,pqF* +2a,q’F, (3.15)

v’ =a) +3aja,F+3aaF+aF.

By substituting Egs. (3.1.4) and (3.1.5) into Eq. (3.1.3), all terms with the same power of F(P) were

collected, and their coefficients were then set to zero, where j >0, yields yields

P (ko) ~ a0,

F'(B): (k—w)a, —Skaga, +k’ap’ =0,
F*(B): 3k’a,pq—8ka,a’ =0,

FFP): 2k’aq’ —STkaf =0.

(3.1.6)

Solving this system of algebraic equations (Eq. 3.1.6) gives:
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3(1( - (,0) 6k2q2 2k — k3p2
%:J:%;:;%: Ty esT— (3.1.7)
_ 2 2 I
a =_\fM, a :—\/61( 4 and co:—zk k'p , (3.1.8)

By substituting Egs. (3.1.7) and (3.1.8) into Eq. (3.1.4) and using the general solutions of the Bernoulli

or

equations (2.6) and (2.7), we obtain the exact traveling wave solutions of the nonlinear space-time fractional

modified mBBM equation, expressed as follows:

Case I:if p>0 and q<0, we get

6 P pep(ﬁ+ﬁo) 319
ul(x,t)Zk\/g(5+q(l_qem ) (3.1.9)
6(p pe” PP (3.1.10)

u,(x,t) :_k\/g[Equ[—l—qep(ﬁ%) .

Case ll:if p<Oand >0, we get

6 P peP(B+Bo)
113(X,t):k\/g[§—q(l+qew ) (3.1.11)

6 p peP(B‘*Bo)
u4(X’t):_k\/g(§_q£l+qew > (3.1.12)

kx? ot?
[0} and P, denotes a constant arising from the integration process.

T(o+1)  T(a+)

where 3=

The space-time fractional ZKBBM equation

The nonlinear space-time fractional Zakharov-Kuznetsov Benjamin-Bona-Mahony (ZKBBM) equation

is given by [23]:
Dfu+Dfu —2auDfu —bD¢ (D*u) =0, t>0, 0<¢$<I, (3.2.1)
where a and b are arbitrary constants. By employing the traveling wave variable
ket
L@+ T($+1)

Substituting the transformation into Eq. (3.2.1) yields the following result:

p

the equation is reduced to an ordinary differential equation (ODE).

(k —w)u’ —2akuu’ + bwk’u” =0. (3.2.2)

Integrating Eq. (3.2.2) with zero constants gives:

(k —w)u—aku® + bwk*u" = 0. (3.2.3)
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By balancing the highest-order derivatives and nonlinear terms, we obtain M = 2. Thus, Eq. (2.4)

becomes:

uB)=a,+a,F+a,F?, (3.2.4)
Here, F satisfies Eq. (2.5). Therefore, the expressions for u” and u” are:

u”=a,p’F+3a,pqF* +2a,q°F, 525

v’ =a’+2a,aF+2aa,F +a’F +2aa,F +afF4.
Substituting Eq. (3.2.4) and (3.2.5) into Eq. (3.2.3), all terms with the same power of F() were

collected, and their coefficients were then set to zero, where _] >0, yields

F'(B): (k —w)a, —aajk =0,

F'(B): (k—w)a,—2aaak+abp’owk’ =0,

F*(B): (k —w)a, —2aaa,k —aa k +3a,bpqwk’ +4a,bp’wk’ =0, (3.2.6)
F'(B):  2abq’wk’—2aa,a,k+10a,bpqok’ =0,

F*(B): 6a,bq ok’ —aa’k =0.

Solving this system of algebraic equations (Eqg. 3.2.6) gives:

2
a, =0, a, :M, a, _Sbqik w:%, (3.2.7)
a a 1-bpk
or
2
2, = k ® = 6bpqu’ 2, = 6bq wk . m:%, (328)
ak a a 1+bp’k

By substituting Egs. (3.2.7) and (3.2.8) into Eq. (3.2.4) and using the general solutions of the Bernoulli
equations (2.6) and (2.7), we obtain the exact traveling wave solutions of the nonlinear space-time fractional

ZKBBM equation, expressed as follows:

Case l:if p>0 and q<0, we get

2

K2 p(B+Bo) p(B+Bo)

us(x,t) = thg | P = wa | T4 B o) | |2 (3.2.9)
a(l-bp’k")| (1 ! l-qe

2
bp2k2 6bqk2 pep(ﬁ*'ﬂo) pep([}+[}0)
u X’t = + + _pe . 5

Case ll:if p<0 and q>0, we get

2
~ 6bqk2 pep(ﬁﬂ?’o) peP(B+Bo)
w0 = a(1-bc’k?) p(l+qep(ﬁ+ﬁ°) 4 1+qe"P™) | R
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22 2 p(B+8o) )’ p(B+o)
ug(x,t)= bp k2 —+ 6bqk2 —~| P pe -q _pe , (3212
a(1+bp k ) a(l+bp k ) 1+qep(l3+l30) 1+qep(l3+l30)

kx? ot®

T(o+1) T(o+1)

Graphical representation of the solution

where B = and [3, denotes a constant arising from the integration process.

By applying the SE method, the resulting wave solutions are represented as ratios of exponential
functions. Physical interpretations and graphical representations are also provided by assigning specific

values to the constants pand q.

Graphical representation of the space-time fractional mBBM equation

We applied the SE method to obtain traveling wave solutions of the nonlinear space-time fractional
mBBM equation in the form of exponential functions. Using the parameters listed in Table 1, the solutions
were visualized graphically. Table 1 shows the effects of these parameters on Egs. (3.1.9)-(3.1.12), illustrating

the wave behaviors as kink waves, which are depicted in Figures 1-4.

Table 1. Parameter values of Egs. (3.1.9)-(3.1.12)

Egs. Parameters Figures Wave effects

p=1q=-1,$=0.558=2k=1,

(3.1.9) o 2k —2k3p2 0<x.t<100 1 Kink
p=1,9=-1,06=0.5,0=2, k=1,

(3.1.10) oo 2k —2k3p2 0<x.t<100 2 Kink
p=-1,q=1¢=0.5 0=2,k=1,

(3.1.11) oo 2k—2k3p2 0<x.t<100 3 Kink
p=-1,q=16¢=0.5 0=2,k=1,

(3.1.12) oo 2k—2k3p2 0<x.t<100 il Kink

25

u‘(xj)
o

Figure 1. The kink wave solution 3D, contour, and 2D plots of (3.1.9) for the fractional mBBM equation.
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X

Figure 3. The kink wave solution 3D, contour, and 2D plots of (3.1.11) for the fractional mBBM equation.

u4(x,l)

100 0 20 40 60 80 100
X

Figure 4. The kink wave solution 3D, contour, and 2D plots of (3.1.12) for the fractional mBBM equation.

Table 2. Parameter values of Egs. (3.2.9)4(3.2.12)

Egs. Parameters Figures Wave effects
p=Lqg=-1,¢=0.5,a=6,b=-0.5,
(3.2.9) kzl,m:%,OSX,tSIOO 5 Kink
1-bp'k
p=1Lq=-1,¢=05,a=6,b=-0.5,
2.1 Kink
5210 k=1 o=o=——"— 0<x,t<100 ° "
1+bp°k
p=—-1,9g=16=0.5,a=6,b=0.5,
2.11 7 Kink
G210 k=1 0=——— 0<x,t<100 "
1+bp'k
p=-1,q=16¢=0.5a=6,b=0.5,
(3.2.12) k=1 0= 8 Kink

ﬁ,OSX,tSIOO
1-bp'k




U7 11 a1fUft 2 nINMIAY - BwNAw 2568 84

2,508, inalu. WLAHLRRUNIZLALIA

Graphical representation of the space-time fractional ZKBBM equation

The traveling wave solutions of the nonlinear space-time fractional ZKBBM equation, given by
Egs. (3.2.9)-(3.2.12), were analyzed using the SE method. Table 2 summarizes the effects of the chosen

parameters on these solutions, illustrating the corresponding kink wave behaviors in Figures 5-8.

ua(x,l)

40 60 80
t X X

u7(x.t)

100 T

20 40 60 80 100 0 20 @
X

Figure 8. The kink wave solution 3D, contour, and 2D plots of (3.2.12) for the fractional ZKBBM equation.
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Figures 1-8 show the solutions of the space-time fractional mBBM and ZKBBM equations, which
exhibit kink-type wave behavior. A kink wave is a smooth, monotonic traveling wave that connects two
different constant states, rather than forming a localized peak. The graphs clearly illustrate these stable
transitions, confirming the presence of kink waves in the studied models. This behavior provides insight into
the dynamics of the fractional equations and can be applied to model nonlinear wave propagation in various
physical systems, including fluid dynamics, plasma physics, and optical fiber systems, highlighting the

practical relevance of these solutions in science and technology.

Solutions Comparison

This section compares the solutions of the space-time fractional mBBM equation obtained by the
SE method with those derived using the first integral method [24], as shown in Table 3. It also compares
the SE method results for the space-time fractional ZKBBM equation with those obtained by the complete
discriminant system [25], as presented in Table 4.

Table 3 shows that the solutions of the space-time fractional mBBM equation obtained by the SE
method possess simpler and more compact analytical forms compared with those derived using the first
integral method. The SE method expresses the solutions in exponential form, which makes them easier to
manipulate and analyze. In contrast, the solutions obtained by the first integral method involve
trigonometric and fractional power terms, leading to more complicated structures. Overall, these results
demonstrate that the SE method offers a simpler analytical structure and greater computational efficiency
compared with the first integral method.

Table 4 shows that the solutions of the space-time fractional ZKBBM equation obtained by the SE
method are clearly simpler and more compact. These solutions appear in a direct exponential form, which
makes them easier to interpret and analyze. In contrast, the complete discriminant system produces
significantly more complex solutions involving layered trigonometric and hyperbolic functions, making the

physical interpretation of the wave structures considerably more difficult.

Table 3. Solutions comparison of the space-time fractional mBBM equation

The SE method The first integral method

_ 6P, pe"““ﬁ“ NEED Tkt [k et ) [ (k+o)
nen= k\g(z 1-qe"™ ™ J MO T (T )T e )
_ . [6(p, [ pe ™ . \/_ 3(k+c) \/_ (k+0) (kx" +ot® \/_(k7+c)
u,(x, )= k\/;[z [ PP D u,(x,t) = vk tan K | T(+o) + e V)
) :

6 perPrho 3(k+c k+c)( kx* ct* k+c
u3(x,t)=k\F P_ —— u3(x,t):,f——( ) tan| |- KO 3) LS =7 |
o(2 1+qe vk 2k o o} 2k

6(p P (B+o) 3(k +c) (k+o) [ kx" et (k+c)
“40‘»0:‘1‘\/%(2‘ [1q W= T T e (o T T e
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Table 4. Solutions comparison of the space-time fractional ZKBBM equation

The SE method The complete discriminant system
u (x t)—&x 3bpq 3 _RZ 2a g pt*  qx*
’ ’ B a(l_bp2k2) ®1(X7t):—( 2 j R] tanh2 21(—3bqu [Q+B_ 0] +R2 5
0 peP(B+Bu) +q pep(f”ﬁu) . - |
) T ) 3 2 3 ( pt® a
1_qew) l—qew’ 0,(x,t)=— 3bpg ¢ R, coth? Ryf 2 ) &_qu -& ||+R, ¢,
? 2a ! 2 { 3bpq o B 0 :

_ bp’k’ N 6bqk’ N
a(l+bp’k*) a(l+bp’k?)

( pe?i+h) 2 pe?i+h) [ 2a
p wpp) | p(BBo) |||’
I-qe 1-qe [ 3b

ug(x,t)

{ R 2 oo )|
2 3bpq o B

a B -2
6bqk> 0,(x,0)=4 p;+q;coj __prd
U (%0 = %X (12a°bpq* )?
a(l-bc’k")
1
? 3 - 3
p ﬂ —-q —pep(ﬁ%) Os(x,t)=~ 32§q 3 = l_gRlcosg+\/§3Rl Cos(nzze)x
1+qePP ) 1+qe"® M) J|f (12a%bpq’ )
bp’k’ 6bgk’ Lo ln-20
ug(x,t) = NI N G PO
a(l+bp’k”) a(l+bp’k") sn’| -——————= ?‘*?—Co m ||,
perh) Y’ peP#) (12bpq):
p 1+qu(B+ﬁo) ! 1+qep(ﬁ+ﬁ0) . _ , , e
—a3c0s2(7j " ;
S G
(12bpq)s a P

Overall, the integration of the SE method with Jumarie’s modified Riemann-Liouville fractional
derivative plays a key role in achieving these simplified and compact solutions. This combination allows
fractional-order derivatives to be handled more effectively than in previous approaches [24-25], enabling
the derivation of exact analytical solutions in a systematic and concise form. In contrast, solutions obtained
in other studies typically take more complex forms involving layered trigonometric and hyperbolic functions,
as illustrated in Tables 3 and 4. This highlights the advantage of the current approach in producing clearer

and more manageable analytical results.

Conclusions

In this study, we successfully applied the simple equation (SE) method combined with JMRL
derivative to obtain exact traveling wave solutions for two significant nonlinear space-time fractional PDEs:
the modified Benjamin-Bona-Mahony (mBBM) equation and the Zakharov-Kuznetsov Benjamin-Bona-

Mahony (ZKBBM) equation. The solutions, expressed in exponential form, exhibit kink-type wave structures
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and were effectively visualized using 2D, 3D, and contour plots, demonstrating the robustness and
practicality of the SE method in analyzing fractional models. These results provide valuable insights for
applied mathematics by offering direct and exact solutions to complex nonlinear equations. They also
demonstrate clear applicability in real-world systems.

The SE method employs simple procedures that yield exact closed-form results, highlighting its
analytical strength and versatility. This approach not only reinforces its usefulness in applied mathematics
but also opens avenues for extending its application to other nonlinear fractional equations, including
coupled systems and variable-coefficient models. Future research may focus on modifying the SE method
or integrating it with other symbolic approaches to further enhance its applicability in practical modeling

across physics, engineering, and applied mathematics.
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Abstract

White kidney bean contains phaseolamine, inhibits the enzyme amylase. The blood sugar and lipid
levels of this nutritional quality part to develop Madeleine pastry. By using white kidney bean flour in
different levels of wheat flour, including 0, 25, 50 and 75 of the weight of wheat flour in the formula to
evaluate the effect on the sensory quality, main properties, nutritional value and nutrition in inhibiting the
enzyme alpha-amylase (O-amylase). The results of the sensory clinical research study. White kidney bean
for wheat flour in parts of 50, the score is mainly the appearance of color, aroma, taste and texture that are
different in the basic formula, no statistical significance (p>0.05), especially the neutral texture for the
outstanding properties of the white flour content shows the value of the medium (L*). Check the redness
(@*) and yellowness (b*) values more (p<0.05), the texture shows the values of the region (hardness),
university and city (Springiness) significantly (p<0.05). The story that disappears after baking increases. Taste
consideration and thought were not different (p>0.05). In terms of nutritional value, it was found that the
white bean protein components in the amount of protein, dietary fiber and protein content (p<0.05). The
most appropriate formula (MD50) had a protein content of 6.388 8.34 from this part, dietary fiber increased
from 0.41 to 1.48 and additional details from the center 1.42 to 1.96. Previously, the basic formula, meaning
white bean flour itself, 50 did not show any inhibitory activity against the enzyme alpha-amylase. This
research is important in the development of food products from white bean flour and the campaign for the
use of white bean flour in various food products to increase nutritional value and importantly to most

consumers.

Keywords: Development, Madeleine, White Bean Flour
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wazlsndau (1] lutsewelne anunsalsaummuuaslsadudunliuivgduogaiaies mnsenuvesnsy
ouily NsENTNETIIIEY (2566) Wuhuszrnslneeny 15 Tiuly fssnadulsauimudosas 10-12 waed
asiminiuniesauinnnindesay 40 [2] lsamanidianuduiused1dlnddafunginssunisuslane1ns
Tnaranzn1suslanemsidandaihiina (Glycemic Index: GI) g9 Wy 9132717 [3] vesmuvianie o [4] waz
wAnSusiiuings [5]

yusAeAY (Madeleine) undnfaumiuinedunguidniifiduininnnduma ssdusznoundnueauiiae
uvsznoudeuds tama la we uararsiiuanuy Ssesduszneumarienafinadogunimmniutseniuly

Usunauunn Tneanigegredalsunaina vy warwdsdnen faneivesiuanudessslsalifnsasess wu lsa
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$au Ty uaglseala ndoyaiterounthiinuinisuilaaina uarlvilulSinmumnanmsodiuaa
\deasion1iz metabolic syndrome wazlsasialald [6, 7] vazideafumsuilaautiednunlutinagsionaiinasie
seiuthmalufenuasarudswiolsaumu (8] Jagtiuuumnsimunemns tnensirgfvanianszgad
W §291 (White kidney bean) @sflansddade “Whdleaniiu” (Phaseolamin) fianansadudwoulusiorluaa v
Tinsgesutiaduthmannas dmaliszduihmaludeandsioomafisdudrawuasdwannsazanlusfilusianie
9] wonanidrundainuamidaruinisgs Tnglsindenu 333 Alawnaeisie 100 nu Uszneusaelusiu 23.40
nu lodiu 0.85 N3y Aslulawnsm 60.30 N3 leams 15.20 nfu waa@eu 240 adnsu wazdidandudsiuvany
wig 1wy Inegiiu lsluraiu wagluesdu [10, 11]

nshudadavaunlivaunuutsandlundndasiuines saduwumisiviaula msUszgndlddvnded
asv@leaniu sy iduloemns uaginnfugs Jsannsavioiivnuaymadavuinisuaziandundnsdaei
madendmiuduslnaiifesnismunussduthmaludon wu fasiummu viediidesnisauguimiin
ABanliun133de
1. msAnwInmaumuutlaaddoud srvnlurunaiesiu

1.1 YunaunsmseuLledavn

v
[

FURBUIUANTHSIUNIVIRLITNITIAAINSBUTY AALUAINNSTANG waziiauaiy [12] Feilvunausadl

v
[

(1) Fam9rvm @1l57NS) Usunas 1,500 ndu Lagthiumiaudnndeietnasen 2-3 ade

(2) thiwnluugihussunlusasidiussuinedaiuin 1 se 3 wfialisvana 10 alus andudeaiduun
Sageihusein 2 ads

(3) thinymluislugevanfeussuunyudeuiigumai 100°C w1y 30 il

(4) ﬁwiﬁ"mnﬁqﬂLLﬁamUﬂ’LuLﬂ%"awwmaummﬁaqamu 1 U

(5) ﬁﬁmnﬁmLLa”aLﬂﬁa‘LaimmﬁwLﬁﬁauﬁqmmﬁ 70°C Iﬂmﬂ?iml,azwﬁﬂﬂé’uﬁwnm 1 Flus 1WJunan
Uszanay 6 4l

(6) BUFwnaUnsTETiAUSInan3ase (Water activity, a,) Wo8n31 0.6

(7) sindnenlnsundniluduseedestunnusigouny 1 i ngauazusodn 1w

(8) thdhuunseuinunzunsswun 250 Tuasau (micron)

9) i niildumanlusuunaedunusnsdniitnuall Famised 1

1.2 Sunsunsansnismaunuudsandsisudedavnlusuaninedy

UINARA U VUNNLADAU qmﬁ'yugm [13] wanasam1sneit 1 andnwinisnaunuutsdaanilusnsidiy
$owaz 0 25 50 uaw 75 vesminuilsanFlugnsfiugiu FaiBmavnaesdisl

(1) %ﬂdauwammuqm silumsedt 1 qmﬁuuummaﬁuﬁmmmuﬁwLLﬂqfﬁ&un 4 5¥au

() soundlsand uilsdaan wagnen adlumunavawnuaa waintd

(3) axaneiusseBnaviieduaestu (Double boiler) IHgamnivszanu 50°C udanlilvidu

(@) thldlA 1nde thanansieam wazihmansiouns iRlravarsuasiiiuluedesandsaEsEaU
4 Yy 30 Fuit ndandudiuauEudusedu 8 uw 1wl

(5) Lﬁamuwamﬁas_jmﬂuhﬁumamLﬁﬁﬁuﬁuﬁa Judundunniaan nduuiue LLﬁdLLaxmw‘jﬁﬁaum%&mﬁ
MnuAdedeATIESERY 2 Wunan 1 und

(6) WuusNazateRaiwazuLan wasinlenusIseau 2 Wunal 1 i
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(7) inaunaNoetos 1 2l

(8) yiugasuufisiymaeulddmiveusuuiniaedu wiiuuthiinald amssnansfiud 15 niusety

(9) thitheuiigaumndl 180°C 1uan 13 unil
2. MsAnwINIMAsRUIMIsEAMANREYasTuNL AR RUiTn TaLuL s g audadaunn

thidnssivussnoduussgldgsadeiniesayanmea usnulifigamgf 2-5C antuisihegisly

naAeuAuAnuurnsUsramaudalufudnuazUsng 3 ndu sand Weduila wezarwreulaesiu daesns
nageukuulinzRuuAIINYEU 9 58U (9 Points Hedonic Test) ngldinaasun1aussamduiadnuiu 70 Ay
Faduennsduazindnw awiviemisuazlavuinis auzimaluladannssumand uninerdomelulad
svsnanszuns 1gnsildunisseniuang@uiieseidnuasmanienin auaudaniang warquasudams

Mmauveseuluinean-ozluag (A-amylase)

M135197 1 gesvunnnaedunnauumewleann 4 seau

Ysnadiunauudairvniluudazges

daunay MDC MD25 MD50 MD75

aSu Yewaz  nsu OLGE nsy fouay nsu fouay
wileana 240 2523 180 18.92 120 12.62 60 6.31
wiladum 0 0 60 6.31 120 12.62 180 18.92
TalA 220 2313 220 23.13 220 23.13 220 23.13
Yhpansieun 100 10.51 100 10.51 100 10.51 100 10.51
dhnanseuns 100 10.51 100 10.51 100 10.51 100 10.51
LUELANLY 250  26.28 250 26.28 250 26.28 250 26.28
AR 30 3.15 30 3.15 30 3.15 30 3.15
HaY) 7 0.75 7 0.75 7 0.75 7 0.75
L& 0.5 0.05 0.5 0.05 0.5 0.05 0.5 0.05
nawnTiaan 2.5 0.26 2.5 0.26 2.5 0.26 2.5 0.26
ALY 125 013 1.25 0.13 1.25 0.13 1.25 0.13

nagwmn:  MDC MD25 MD50 MD75 vunedia quuuasduansiugiu nawnuudeaidansguded 1919
Jewar 0 25 50 Wag 75 AUA16U

'
a A

3. msAnwaudAnenIen e svuLLeeduiiinsawnulsanddasudsiaea
MsANENYAENIMEANYB UL LR eALT s naLusEudidirn Tduneusselud

3.1 A512%A8 (Color analysis)

Sarrdvesunnaoduii dn1snaunusssutas w1 lussuu CIELAB sein3esinand (B%e KONIKA
MINOLTA §u CM-3500d) e L* a* uay b* lnsthaussnmeduualiasdonsuiuundaindetisay 5 41 ¥a
1AURTINNHAR S T VUNL LA DAY

3.2 Sipswiininiivnelundsniseu (Baking loss)

FIUMUNVDIAI DYV UL UMM DA UNAIBUAIULAT BITIRINA NATYUADIALALY IAgTIMUNVUL UL ABEY

inauduna Tuiindminvesuullaoaumeuiiensy (g)
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3.3 ATITNUSUINTVUNNEINI5aU (Volume)

FAUSUINTFIVDIFI0819 1AENISENUNAEEANT Fawladdsann AACC [14] SuaninuSuInsvag

v v
Yo A

a Yo a a a 5 ' a a2 v &
MpurNagliInUS NSV UNL LA eaY (NvuEanunsaldaiieg1evunnneadulanedy) tneldwdnavlidy
AU LAURRIE LU SEU WWER88nINA1TUE NTUENFI98 19 UL LA BANINATUA VUL LALWLLER
madlUidunue udeRaduuuliseuinUsnseesudaruniviesglnelinssuennisdufin3uins

wannunfumdesgiduaunsvesiiegvunnieeduluniieves 1 Jaddns (mL) lae 1 Jaddns dawvndu

1 gnuiAnguRians (cm?)

3.4 AATIRUIUINTIUNIZVDIVUUNNADAU (Specific volume)

AUATUSHIRSTINIEBIRRg LI e AUl uiLEURInSuReladans (¢/mL) feaunisy (1)

UUINYIAIDYVUNNUADAY (g)

USHnsauwg (g/ml) = USUMN5V098 19 UNNLADAY (ML) (1)

(AMNTD 3.3)

3.5 AiAs1zieduia (Texture analysis)

S5 RanvazIioduiia (Texture Profile Analysis, TPA) Fendesiadedula @%e Stable Micro
Systems qu TAXT plus) serinegiiieunsinszuesniduriugugnats 100 uy. (P/100) mineaeuidunisdudn
#9358 (double compression) TasksanuiSaiaiadl 1.0 u/Aunit uasTuasauiiegisgnguifiudosas 50 ves
mmqqﬁlmﬁmaaﬁaaﬂw JULLLARAULAaETY YnsasiaTafietisay 10 91 AuseanlAausa-nanldauiae
AMUTS (hardness; VLﬁmﬂfﬂqmjﬁQ{ﬂ‘UENLLiﬁs[,‘umiﬂ(ﬂﬂ%ﬂLLiﬂ) wazAIMIUEANEY (springiness; ANWIAANLERAIUNTT
Aushsznamstuafiusnuazafafians) F8nmstisnuuasann Bourne [15] wazUsumsiiwesiitelfmans fuvuns
wazlaseasnavesiieg e Inge19ademuLuImNIaYes Casas-Moreno et al. [16] uawAilaued Stable Micro Systems
[17]

4. ms"?Lﬂswﬁﬂmauﬂ’ﬁmamﬁuazqw'§é’u§'an'ﬁvi’w'lwuauau‘l@zjﬁuaam-aﬂmaa (Ot-amylase) Tuwuu
wnaeduiiinnsmawnuudsanddasudsdann
n3iaaesiauandanineduaggns fudanisiiaiueesieuledueani-ezluiaa (d-amylase)
Tuyuusmedunaunuuilanaseoudsdann ftunousselud

4.1 mMsasziesAUsEnaumaaillnguszunn (Proximate analysis)

Imv‘i'}mﬁlmwzﬁﬂ%mmmm%uﬁuaé’auau%'au (Hot Air Oven) (3u FD115, Binder, German) 3tA351¢%
USunailusiuseas asilodinseiusunalusiusuy Kieldaht (§u Vapodest 20, Gerhardt, German) 34A31¢%
Usunalusfusiendeeleiinsiziusunalusiu (Fu SER148, velp scientifica, Italy) Iwnszviusunaldeaimsnie
w3ealiasieiusinaleanmsvenu (VELP SCIENTIFICA, Italy) wagiiasizwusunanddioinnniinsiesidd
(Lenton, England) mﬂﬁ?uﬁwmﬁmmmﬂ%mmmﬂﬂamw LAYNAIU A1LIENN5VBY AOAC [18, 19] muqmﬁ
(2) way (3)

USunaumsiulawmse = [100-(ANUAU-+IUSAU+ T+ Ly 815N U+481)] )

NENU ($parvasUsunalusiuxd)+(Govaruaslsunumsiulawmsaxd)

[Alaumaaed] (kcal)/100 N3] +($ovazvosuFunaluiiuxg) 3)
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1

4.2 Supswigusdudeanisinauve seulusiueani-azluad (Alpha-amylase)

Tneld35n153A 51295 wuY 2-chloro-4-nitrophenol colorimetric Tun1snaaaas uainnsdedaegng
wneduade 13 ¢ udrazargluthnduuiuns 30 mL snduiesnasazateiesdlnlannudady 40 uas 80
me/mL @wmsuluTsuiisufuaisuinigiu Acarbose A duty 40 me/mL Tuvmgiioules
woarh-orlanaa (O-amylase) gnindesliileududu 04 U/mL Tnsaragluihndu mavaaeuuisesnidu 4 ngu
Toun Negative control (11 DI 75 uL), Positive control (111 DI 50 uL saAuteuleal 25 uL), Sample reaction
(111 DI 25 pL, woulesi25 pl uazansined1amse Acarbose 25 ul) way Blank of sample (411 DI 50 pL wazans
foeghavie Acarbose 25 pl) Intuthansazateiis 4 nqulutufigamgdl 37°C WWunam 10 wifl uduRuansRey

2-chloro-4-nitrophenyl-0L-D-maltotrioside (CNPG3) firnandiudu 4 mM U3ums 25 L Tunsagnau wadlidni

'
1A

LazUnsefigamyiiviesdn 10 Wil gavhevhmsiadimsgandutasiiainug1indu 405 nm se3es microplate
reader B%o BioTek U Synergy LX (BioTek) u,azﬁﬁa;ﬂaﬁlﬁmwﬁwmmmﬂ'ﬁaaasmiE‘TUE"?aLaulezjﬁLLaaWW—aslmaa
(Q-amylase) InslUssulfisufiuansunsgiu Acarbose HieUsifiuuszansnnvesiiegsnaedulunissuds
oulwidaanan

5. NMSIAATIZANIEDA

Wpszinan1vada tneldlusunsuiaseialdfdnsagy (Statistical Package for the Social Sciences, SPSS)
IBM SPSS Statistics Version 29

5.1 MFIATINNITUTHTUAMNIMNNUTEAMFURAINUNUNITVIARB4UY Randomized Complete Block
Design, RCBD 1A ANNLUSUTIUNEDRA (Analysis of variance, ANOVA) swnunauaedsuaydiudsauuy
1175514 LWTBULiBUAMULANG9F 1875 Duncan’s Multiple Range Test (DMRT) Anvuaisdifynisatffiseiu
Adaiiy (p<0.05) [20]

5.2 MTnTzesdUsenounitailagysyuna AuaudaniIanIenIn 19uNuN1SIAaaUY Completely
Randomized Design, CRD AtA51%ANUMUSUTIUN9@DR (Analysis of variance, ANOVA) srwunaduAade

o

wardleLuuNIngIU WIBUTsUANULANAI9RI8TS Duncan’s Multiple Range Test (DMRT) finviuntiadnf

2

1Y

nadATsziuaMIeiv (p<0.05) [20]

NaN13398
1. wansanwn smawnuudandsasutlsdavluvuuiaedy
nsnaaeinseiiladnUsunandsdiviunndiaiy ¢ seu Ae fevas 0 25 50 waz 75 vasimiln
wlaandlugns lngraununisvaassuuuguluvdenauysal (Randomized Complete Block Design, RCBD) uag
iludseiiunadnvuenaszamdudalududnumessng @ ndu savd edula waganuveulnesiu
meIEN1s B UUlIRZUUUAINYOU 9 SEAU (9-Point Hedonic Scale) laglvig@udnuiu 70 au Faduearsduas
UNANIEIVIV101MTLELIATUINTT AENALULAEARNTIUAERS URTINEISNALULAEI1TNIAANTZUAT IATIEA
waselusunsuliaseiadfidsagu (Statistical Package for the Social Sciences, SPSS)
9NA15997 2 ‘W‘U’i’]ﬂ'mxLLuuwmaau@a.mﬂwmaﬂsxmwﬁ’uﬁa&uawummmaﬁuﬁwmLmuuﬂqmﬁﬁ’mu’]q
fm fnaaeuliniseensugeanlusnudnuazuing @ ndu saui wazarsweulaesamil MD25 AnAzuuuDET
8.37 8.23 8.06 8.13 Uag 7.91 Awd1wu agluszauveuuInisrauUIUNaI mmzﬁﬁ’mn‘faé’uﬁaﬁmaaﬂﬁmi
gousugeanil MD50 AnAzuuusyl 7.83 Jeeglusziuveuuiunans ilethnanismaasudiliuniiasizviaining

wU5U5IU UaglSa Uil uanuLANANEdANUTY S8rdne MD25 wag MD50 TusudnuaeUsing & ndu sav
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M3199 2 e sUszuRudnvurmsUsEamdiavesvunL e dunaunuLdananeutainumg

AMANYUENIUTTEMNAUNE

ANASLUUANUVBULRAY

MDC MD25 MD50 MD75

nwalzUsIng 8.11 + 0.94%° 8.37 + 0.62° 8.17 + 0.78% 7.97 + 1.02°
a 8.01 + 0.92% 8.23 + 0.73° 7.97 + 0.74%° 7.83 + 0.98
nau 7.83 + 0.99° 8.06 + 0.76° 8.04 + 0.91° 7.86 + 1.12°
AU 7.86 + 0.87% 8.13 + 0.82° 8.01 + 0.83% 7.76 + 1.07°
iloduta 7.67 + 097 781 = 0.86° 7.83 = 0.90° 7.26 + 1.25°
AMUERUlAETI 7.76 + 0.92° 7.91 + 0.94° 7.33 + 1.09° 7.39 + 1.24°

wargmn: 2" @aenwsi uana e ulusuiueu nuede A9 danauana et ueg el ded1ayn19@d i (p<0.05)
MDC MD25 MD50 MD75 711809 YuUNu1ILA0a ugnsi ugiu naunuuwdsardatoud aa 2917

Soway 0 25 50 Wag 75 MUAINU

1Y aa

wagtloduda lufauunnsnsiusgefidodAyn19ada (p>0.05) WuLABInU MD50 waz MD75 Tusiuanwey

o

Usng) & ndu samd wazauyeulaeswlilinuuanased wiiteddgnieads (p>0.05) us MD75 Hilloduia

o
a o

WANANRINGATAUFIN MD25 waw MD 50 egefitdfuddty (p<0.05) Bnvidtuniauiiinudn MD75 fanuudsling
Anwaefivesvutaneiy dwudaddanunsanaunuudsandsiewlfivnludadiievas 75 Ideiddmmauny

wdsandmendeniunifsesay 50 Tun1svinisedusioly

2. HAMIANYIANBAENIINEANVBIVLUN MDA LNAWUL sa1Edaeutl 1817
Yhaunsnnedunaunuuilsanadieuiiinnfiuandisiu 4 sedu Ae Yeuas 0 25 50 way 75 vestmin
wlaandlugns uvihnsnwinmuninnismenin laud @d (L, a%, b*) dmiinfivnglundaniseu Usinas-Usuns
$umny wazAnieduiavounnnoaudinsey fuansluansid 3 4 5 ey 6 auddy
2.1 nan1sAnTziAdvunteedunauwnuulsandseudedauniiuandaiiu 4 sedu

A5t INALNUL T EN AdINaRANEVDIVUNLUABAY INAISIN 3 NUAE (L* waz b*) veeuuy

o o

AR 4 gns danuuansneiuedslitedAymneatia (p<0.05) Weansuiisuiugnsiugiu vaieh a* wuid

o

o w

MD50 laiunnsneanngnsiugu (MCD) egnsditludndanieada (p>0.05) laearanuaing (L) feanadlumzian

o

2 '
Iooa = A

arsduduns (@%) wazAarmdudindes (o) SanintulioSoudiouiugasiugmudaning 1

A15197 3 Ad (L*, a*, b*) Yasvundaedunawnundeananeundaninniiuananeny 4 seau

a
SLAUNISNALIY T - >
MDC 59.32 + 0.01° 11.69 + 0.02° 34.45 + 0.19°
MD25 58.69 + 0.05° 11.79 + 0.02° 36.06 + 0.10°
MD50 58.67 + 0.02° 11.72 + 0.01¢ 36.37 + 0.04°
MD75 57.83 + 0.03° 12.27 + 0.02° 36.89 + 0.02°

a

wanewmg: O fadnusiiuanseiuluiuans munedls eifinnausnsieiuegnedile

MDC MD25 MD50 MD75 vu180¢ YUNUILABAUEATA ug1u naunuudaardatoud ea 1917

Sauay 0 25 50 wag 75 AUaAU

° W

o

dAgyneada (p<0.05)
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MDC MD25 MD50 MD75

= 9 «:4 av < P v Y
AN 1 SnvazsvuLInedunawnuLladnendenivinuana19iu 4 seau
Wu1ELMA: MDC MD25 MD50 MD75 wa18@ s suuu1tanod uansy ugiu nauvuudsandsdaoud ad 2917
Jowaz 0 25 50 Uag 75 MUY

v

2.2 HANSIATITNUIMUNNNELUNSDUVDIVUUNLAD AUNARNUKTIE1E 28T 90291 TIkANANeNY 4

1NA15199 4 NUIARA LYt nAIglUT UL MBS UNALNULTIa1an 2k Ten 1R NS 1Y

USunauudanivnnundudanalinadsveaiminnmegluiawiudu

A15197 4 UANYBIVUNLLADAUNALNULTENEN 8T NWANF19AY 4 SEAU USINIUNTBU

YSunamdnaunu
18N17
MDC MD25 MD50 MD75
AnasvonmiinAauay (n%4) 15.00 + 0.00 15.00 + 0.00 15.00 + 0.00 15.00 + 0.00
AlnasvenmTinvdtey (nda) 13.64 + 0.11° 13.58 + 0.16° 13.50 + 0.10° 13.30 + 0.07°
Anasvesimiiniimely (n%) 136 + 0.11° 142 + 0.16° 1.50 + 0.10° 1.70 + 0.07°
Sweindimngly Govag) 9.07+0.76 9.47+1.09 10.00+0.67 11.33+0.47

nurgwn: 20 g nwsi uanaedulukuiueu vuned s a9 dauuana et ueg Wl ded 1A gyn1eddf (p<0.05)
MDC MD25 MD50 MD75 %1189 9 vuuuinoa ugasi ug u naunuudsaraatgud g 1912

Sowaz 0 25 50 WAy 75 AUAIAU
2.3 N5 ATRUEINAsHaTUHnsT Nz LN e A unaununlsanddasutlsdauafiuansig
il 4 s26u
PNANTeT 5 nuUSiesuasUSinssunseusn e eduiinawnunilsandmeunisdinniiunnsne iy
4 syeiu len Sewaz 0 25 50 wag 75 maqﬁmﬁnuﬁqmﬁluqm lawmnsinsiueeelitudAgmisada (0>0.05) 1ng
YunnaeauluLAarsTAUNSNALNUIUSINASWINAY 30.60 32.40 29.40 way 30.40 fadans waziuSuinsswig

WINAU 2.24 2.38 2.18 way 2.29 1adans/nsu muansy

A15199 5 USUN95azUSUInTINNZ YR UULL LA DA UNALNULTIE1AA8 LT W INLANANAY 4 SEAU

57913 Usunsuas USUATNAT Ysunsves vwtin USUATINNIEL
dninas TeTuyua™ Fuyuw™ (n3) (adans/
(3iadan9) (iaddng) (iaddn9) n3u)"
MDC 190.00 + 0.00 159.40 + 2.30 30.60 + 2.30 13.64 + 0.11° 224 +0.17
MD25 190.00 + 0.00 157.60 + 5.18 32.40 + 5.18 13.58 + 0.16° 2.38 + 0.36
MD50 190.00 + 0.00 160.60 + 1.94 29.40 + 1.94 13.50 = 0.10° 2.18 £ 0.15
MD75 190.00 + 0.00 159.60 + 2.19 30.40 + 2.19 13.30 + 0.07° 229 £ 0.17

o ~ o = T o ~e s o ==
nuewma: " maneds Aildiiauuandrsiueghsdidudidnmieatia (0>0.05)
MDC MD25 MD50 MD75 #1804 Yunu1aedugnsh ug 1w naunuwdsanddrounded 2919

Sauay 0 25 50 wag 75 MudAU
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2.4 NaN15IATITALR NNV YUNN AR UNALULt sEE AT 90U TILANAINY 4 STAU
a v & o o a Py & aa P <&
PNANTNN 6 WU AYRI UL LA AUNAWNULTEN AR 8T AT TadIv AL UL
¢ a ~ A v o L o o a Y ) v a
aAaluUSun LN udINa TS Ny llad R aY UL e AU LN Uk Aniektad v lusIu Hardness AN

o w o w

WuTueeiitedAy (p<0.05) Turaz?iAn Springiness dAtanadaesiiiud1fsy (p<0.05)

o

A15197 6 ADFUNAVDIVUNLLADAUNALNULTENAN 8T 1INWANA19AY 4 SEaU

Ao duia MDC MD25 MD50 MD75

Hardness (N) 1633.10 + 133.399  2036.05 + 181.24°  2933.54 + 217.46°  3255.08 + 414.65°
Springiness 45.50 + 0.74° 42.73 + 0.55° 40.88 + 0.57° 38.98 + 0.86°

a,b,c,d

NUYLUA: faonwsi uaneenululuiueu vu1ede A dauunna 19t ueg 19l Wed A gni19add (p<0.05)

MDC MD25 MD50 MD75 wu186 9 YUNUILABA UG ATH U 1U Naunuudsardargud e 1919

Soway 0 25 50 wag 75 MuUaIu

§ o

3. miﬁLﬂswsﬁqmauﬂ'ﬁﬁmamﬁuazqw%aué’amiv‘l’wﬂwaaLauleusiuaawq—azlmaa (Qt-amylase) Tuauu
uneedunawnundianadaoudedavin
3.1 nan1sIATIERIAUsEnauMaAlilneUszanas (Proximate analysis)
sarUsznaumueiilagUssunamesuuunnedunawnuulsadsioutadniiuaneeiu 4 seu fe

$owaz 0 25 50 uay 75 vasdmlinudeandlugns Awandlunisied 7

A15199 7 29AUSENBUNMLATIAEUT LU I BIIUNL LA BAUNA LU TN A euTaiiv 1wANA1aTY 4 SEaU

Usueu (Beeaz)

a9naUsznaumaalilaguseunn

MDC MD25 MD50 MD75
ATy (Gouay) 15.18 + 0.01° 15.41 + 0.10° 14.82 + 0.17° 13.10 + 0.11°
U5y (Sovaz) 6.38 + 0.08¢ 7.26 + 0.04° 8.34 + 0.04° 9.59 + 0.16°
Tusiu (5ovaz) 2747 +0.23° 2719 +0.11° 2551 + 0.11° 28.06 + 0.04°
looms (Sevaz) 0.41 + 0.11¢ 0.88 + 0.08° 1.48 + 0.03° 1.92 + 0.01°
1 (Sovaz) 1.42 + 0.01° 1.65 + 0.01° 1.96 + 0.01° 2.17 + 0.06°
Asiulanse (Sevaz) 49.14 + 0.05° 4761 + 0.11° 47.89 + 0.36° 45.17 + 0.19°
WA (Kcal) 469.31 + 1.59*  464.19 + 1.00°  454.51 + 0.25° 47158 + 0.46°

abecd o o = | o =~ | oA a | 1Y) ' N v o w aa
ﬂ?@ﬂ‘lﬁﬁ‘l’]LLG]ﬂG]’Nﬂ‘uI‘L!LLu’J‘u@u RUIYAY AN UAIULANA NN UDY INUUYA A YNIIED A (pS0,0S)

NUBL9R:
MDC MD25 MD50 MD75 wu186 ¢ dUNUILABA g aTh ug U naunuudsardargudad 1919

Sauay 0 25 50 wag 75 AUaIAU

a | 3 p= a Ay & A '
1NANT1N 7 NUT9AUTENDUNLATIAEUTEUNUVDIVULL LA DA UNALNULTIE1EA8 LTSIV IR NE N4
i 4 36U Ao Jeway 0 25 50 wag 75 veuhwtnudeandlugns dauay 15.18 15.41 14.82 Uay 13.10 M61RU
a Ay ) Ay A A & o ' | & PEY)
yunzedunawnuulsadmeutaiinnifesar 25 TUsunaanuduaglviuliwnnieanngasiiugiu Afesar

50 wag 75 YSinannuduanadingnsiiugiuesiiteddn (p<0.05) luluisedusavay 50 anasangnsiugiu

LYY

usinauUILTUNTEAUSauas 75 agneliduddgy (p<0.05) Wy loamns wazdn Turuunnedunnaununtsana

R

mewlaiiuniniesas 25 50 wag 75 WinTuINgasiugued 19t

@

2 (p<0.05) aslulawnseluvuuninedui

¥
I A o o

nawnuudeandmewlaiivniniesar 25 50 uay 75 ansanansiiugiueeeiideddsy (p<0.05) UL uABEUNA
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o w

wiuudeandsieudsniuniniesay 25 uar 50 Indsnuanasanansiugueg19iltdudAny (p<0.05) vanieuay

o

75 Indsnuliunnsnaeingasiiugiu (p>0.05)

3.2 HaN1FATIEgNSIUgen1sTinauveseuluitean-azluad (-amylase)
AsAnwIAuaILnsatunsgugsnisinauvesteulivean-eglulag (Q-amylase) ¥99a15620819
YUUNNABA UNAUNULTs@1a A 18U U980 291771 58888 50 NUIEITA 108 1WNAADUT AU UTY 10 Uay

20 mg/mL lifignsgugenisvinnuvssieulsduoani-azluaa (O-amylase) uadfanssunisinnuvesouled

wean-evluaa (O-amylase) Wiadunmuanududuvesiiegimaaey adlunsnin 8 uaziileliguiuasuinsgiu

v
o o

Acarbose 1A uTU 10 mg/mL dgnsduginisvinnuvesioulsiueani-ozluag (A-amylase)lnsfiA1souay

Anuasalumsfudimsvihueseuledueari-exluea (Q-amylase) 8g#1 64.27 = 3.50

A1519% 8 Sevazauausalunisituveseulydueani-ezluiaa (A-amylase) warn15dudanisyingu

MR INITNAADUAIANTAIBE NVULNNADTUTIEUATUINTFIU Acarbose

AMUTUTY $28a2N1591191UV0 9 $8an158U8IN151119 UV
#15VIAgaU . p
(mg/mL) ulysd o-amylase ulwsd o-amylase
Positive control - 100 0.00 + 0.00
Acarbose 10 35.73 + 3.50 64.27 + 3.50
1LPPAY 10 393.18 + 7.07 0.00 = 0.00
20 43304 + 5.85 0.00 = 0.00

NNATNN 8 wudwegunaeduldimmawnuwlidnadludadnsesas 50 Liwanssedvsam
Tunsfugamsvhauveaeululiearr-ezluaa (A-amylase) Benainanmsiiaseangnslundsiunigdy

UsgdvBamseninnszuiumsuaaildaiuiouss

afUsguazaTUNan1sIY

nsfnw i g Uszasdiilofam suuniaedulasldudadrnmaunuutisand luseduiiunne 1eiu
4 sedfy e favar 0 25 50 uay 75 vesdwiinuiiadlugnafiugiu wuhuTinaumamaumuutianasoutsdind
Sovaz 25 lefurAziuuNMIAgoUANNTEUNIUsTamMANTaYeEnaaUgsTian uiilefiansantanismaaeuay
uAnseaRANUY Msnaunuudiandsmeuteiuniifosas 50 liunnsrsnnmisnaunuuteandseud sdaunad
Sovay 25 (p>0.05) lufudnunzdng @ ndu sand wasidedudfa Wuderfummaunuulsenddeoutisiannii
Yovay 50 luuandnanmsmaunuuihadmeutsimnitesas 75 (p>0.05) lusudnuaglsing & ndu sawd
wazALTOULAETIN Wi MD75 ﬁL‘ﬁaé’mﬁaumn&hqmﬂqmﬁugm MD25 way MD50 egaiitiddgy (p<0.05) vinln
MD75 liinsdnunuzdifvesvusninedu donadestunanis@nwives JaTidl wazame [21] AdnwSinaiinunzay
Tunslfudairvnmaunudimamndsandluruntls wuiriinumsiesuudadiauiiesas 0 Ge¥esas 50 Aevasil
Fuilaeliivensugega Fsaguin MD 50 Wussdumsmaunuudsandsmoudeiniimnzandigadignaaoulinig
LT

nsAnwpaaLtAiviamentw wuidednmasvaunuuiiandsmendafunaziinaiilimanuaina L) e
anas uazaanududung (%) wasdndos (b0 dafiutu WowIsuisutugasiugiu Feoradunanain

Ui maansn (Maillard reaction) Wuufisenszwinnsneziily (W3elushu) fudmiasmgniatuiielinay
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Sou dwaliiAnansusenaudiina (Melanoiding) wazulaniwnivsinalusiunaniudeand vilvinsaesiily
WINTUNETAINTINUGATET Maillard AUteasaiag Avuvesdiuaudnty (Manuadng (L*) deanas waz
Arauluduns (a%) wazdindes (b*) JAANTY) Fedonndosiuauideves wasuiuns uazany [22] wae Han et

al. [23] Anws a9ns Mden91mawnultar 11 TundnA e 91915 WUIINIT I LTI INAL WY 9T T

'
a

SELAUNINNTY rasHaliAIAIINEI1e (LX) Ananas diua1dnaes (b*) wavAdune (@) daniuduilaiUSeuiiiau

o

fundnsinignsiugiu egldeddsy (p<0.05) Anadevesininiveluveswuuiinesuninisnawnuudeaid

aruwdenvlulsuanuntuardmaly dntnuaseuiawadevesduniveluiady  WesannuSuia
AMuFUlunwduInnItuntdsdnd Tnenavndanuiusesay 15.38 [24] wilsandinnuiusesay 14.0 sy

11M551UV89 Codex Alimentarius Commission (1985) [25] Aatiuvunnaeduiin snaunuudandneutad v

Tuvsunununtu Jsdanalrdindnurasniseuiianadsurndnivieluiiudu 3nnegdamuinusuing wazUsunng

¥ oo

FUNTVDITUIUNLNA DA UNNA LN UL TIAN P Tav1IAANA19TY 4 5EeU lawn Speag 0 25 50 way 75 Ul

a a o w

Umiinudsandlugasiiugiulivsuinsegd 30.60 32.40 29.40 wag 30.40 Haddns audnu liunnp1eegiadl

€

gAY (p>0.05) warilUSumsdumzegn 2.24 2.38 2.18 uag 2.29 fiadansdensu audwiu luuansisegiadl

o [

HedAty (p>0.05) usnanilfmuinAnlledudavesruuunaeau ninsldudsnvrmawnundsaalulsuiaiunn

o

'
a

Fudwmaliiignuasiledufavomandasluguauuds (Hardness) Srniintuegedifoddy (p<0.05) tiesan
wlsandfivsinalusiudosar 10.30 eiflnassiu (Gliadin) waznginiiu (Glutenin) Wulusiudenauduiiuie
vouvadu 9 wdndunguiuiiduguaniemsrontivad viliAndnvundofutadianudanguldini 3
vilsindndaifinnuudsdosnin 261 luvasAndedwniiviinalusiuiosas 23.40 st uslifinueautd
fandn WeRuitgeazairaminduiuty wlduddiamsonesialdidiud dszneutudulsansluntadannaiis
wn silFussniaedulFudsanmaunuuisandlusimadunfudanuud adisdu luvnsfidnnugandu
(Springiness) Wuiin1snawnuuilsandslowdsdrnnlusefunisnaunudism Lﬁamawumzﬁqmﬁmmﬁm‘Vigju
TndiAsatugnsiugiu uiidledndiuutsdavngedu lassadsveangunuiianas azdamavinliaudangu

o

(Springiness) mauﬁamumaﬂaqasj’mﬁﬁaﬁmm (p<0.05) Feaenpdesfunuiduues Guler & Kose [27] waz a3
warmny [21] finuimsnawusdsandsmendsaindiviavdmaliian Springiness anad wWownuutiiandseouta
frlusgdufinnifuly desonlassanguitanas shlvidovesnantasiianisfusuiias uasBavguliosas

nslesginuananiiaiuazqgniniedinmvesunuiaedunaununtsanddoutsdann wui
asrUsznaumaeilaeUszuna et eduiinaunuuilandieudsiniiuandiatu 4 szdv i Sevas 0

aa

25 50 uag 75 Yosdminudandlugasiugiu azdilusiu leowns wazidn Miuuededdedrdgynieads

o

(p<0.05) lneillusAusovas 6.38 7.26 8.34 uag 9.59 awua1au lvewnssevas 0.41 0.88 1.48 waz 1.92 MuaIAU
wagla1sesay 1.42 1.65 1.96 wag 2.17 mua1au daslulensniovay 49.14 47.61 47.89 uag 45.17 AUAIAU
anasegniledAyn1aia (p<0.05) Yayadinnadlaruinis nsueuly nsgnsNasITagy wudwleanddl
aslulawnse TUshu loamns wazidn Sewas 76.30 10.30 2.70 uaz 0.60 n3u auasy Tuvasfiutidivniiusuia
aslulawnse Tsiiu leewns wazidndesas 60.30 23.40 15.20 uaz 4.20 ndu muddy [11] azdiulgiuddanng
fusinalusiiu leens wasdunnniudand wilusinannslulawsatosniudeand memninsnaunuuts
anddoutistirnlussduiiiinty dealvuumedunaununisandsoudadrvnivsinalusiu leewns way
Lﬁwﬁl,ﬁwﬁ?u Aslulainsnanas ﬁaaamé’mﬁm’miﬁ’mm Hoxha wagandy [28] way Movahhed wagagly [29]
Ananrinsaunuutiandseutsivlurunis asdediuguamistasuins Tasewigluulusiu loemns

v
o w a o

! a X R o a = & s 1Y a A v
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uAuszduimaluden wasiumsuilnaloonsdniie uenanidmusnivuuniaeduiifinsliutiedannn
naunuutsandludndiudesay 50 lduansuszansamlunissudanisieuvesieulsiveari-azluaa (a-
amylase) 11913809 Maghsoudi wazag [30] wuimdsnisduianudeufiguugdl 70 °C 30 it Msduds
mavnuveaeulesiuear-ezliuaa (A-amylase) anasegnunnimdeifissfosay 20 uazfigamgiinnnni 70 °C
Huna 30 it andugampifidudanisvhauveseulssueant-ezluaa (0-amylase) gnvhanenuauds fiy
yusmineduiilinuieugmgiluniseuia 180 °C iuamgliansoongvdludinniinnisgaudeUssansam
FEUINNTTVIUNINER donAAINUNANISANYIVEY Oboh uazany [31] Lay Wang wazay [32] fisreauin
Tusiududaevled O-amylase (Q-amylase inhibitor; O-Al) Fanunludaw (Phaseolus vulearis) Julusiuid
TAssasduniy amnsaduiueulmitoani-ozlulaa (Q-amylase) TuszuuniadusInis inlinszuiunisyoy
amsudslufunglaadnas uardmaliissdunglaavdsiioamaifintusgrsrosfurosly sgdlsfiniunisugedae
ANNSBY WU N15AY (boiling), N158AAIINAL (autoclaving) #3on158U (baking) WinlWlUsAWAnNISIEYEN TN
(denaturation) uazgaydelassasrsnisieuiisidudenisdudaoule dwaliqrisutanasednaiteddey Tae
nstuasnsavinlilusiugaudequiluainninfesas 80-93 fufulundntasiomnsiniunmsliianudougs wu
Yuoy Wine3 siFeansUssgnitily anuanansalunissudinsvhauveneuleieani-ezliaa (Q-amylase)
Inanasee 9N

Feifunsnaunundsaddisudsiavluruunieeduludadiudesas 50 wwdianunsnnnmnmnig
UssanndudavesiivuslilndiAssfugnsumsgiu waztisiiiuguavalasuinisiulusiu loemns uasussigle
Fadulslovideduilaniifesnsomsiifinarmdasunisnniy Taglinsenureuiunsuasuiungsume
voswdAnts og1slsfinunanisasomuiutedannifiiunisevagliamsonsgninisdudueulesiveani-

arlaaa (O-amylase) 191 Lilpsananufouililusiugadelasiairanisvitny

v
= ¥

nans 3 eiiauinsldudiuaduwumainundadasiunesiieguamlaass wiasiasania

waialun1suaniiavannsasnwiansesngnansdinmvesiivnuieiiunnlsslovinguamssluluswan
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