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Abstract

This research develops a Japanese rice cracker (JRC) mixed with macadamia nut crumb (MNC). The results of drying
temperatures at 50°C, 60°C, and 70°C, as well as proportions of MNC at 20%, 30%, and 40%, that affect the physical,
chemical, sensory quality, and nutritional values of the product show that an increase in drying temperature decreases
the lightness (L*) and increases the redness (a*) and yellowness (b*) significantly (p<0.05). Additionally, water activity
(aw) and moisture decrease as the drying temperature increases (p<0.05). Regarding physical properties, drying
temperature does not significantly affect the hardness or fracturability of the products (p>0.05), but the increase in
MNC proportion slightly tends to increase product hardness. The 9-point hedonic scale sensory test indicates that the

amount of MNC significantly affects the color, odor, and taste of the product (p<0.05), while the drying temperature
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significantly affects the taste and appearance of the product (p<0.05). The JRC with 40% MNC and a drying temperature

of 70°C has the highest scores for color, odour, taste, and overall quality, but this is not significantly different from the

version with 40% MNC and a drying temperature of 60°C (p>0.05), which also scores as good-to-normal and is more

preferable for commercial production due to lower energy usage. The nutritional value of 100 grams of the product

provides 475 kilocalories.

Keywords: Macadamia, Japanese rice cracker, product development
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Table 1 Ingredients for the ratio of macadamia nut crumb to glutinous rice flour and the drying temperature of

macadamia nut crumb as the main factors.

Drying glutinous Cooked
MNC Rice barn oil  Water Maltodextrin Salt
Formula temperature rice flour Japanese rice
(%/gram) (gram) (gram) (gram) (gram)

(°C) (gram) (gram)
1 20 (90) 300 150 25 300 50 5
2 50 30 (135) 300 150 25 300 50 5
3 40 (180) 300 150 25 300 50 5
4 20 (90) 300 150 25 300 50 5
5 60 30 (135) 300 150 25 300 50 5
6 40 (180) 300 150 25 300 50 5
7 20 (90) 300 150 25 300 50 5
8 70 30 (135) 300 150 25 300 50 5
9 40 (180) 300 150 25 300 50 5
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Table 2 Physical and chemical properties of drying MNC at temperatures of 50, 60, and 70 °C

Physical and chemical

Drying temperature (°C)

properties 50 60 70
Colour
L* 56.66°+2.73 53.26"+4.60 50.58°+2.46
a* -1.39°0.21 -1.51°£0.22 -1.81%£0.19
b* 7.77°£1.26 8.72°+1.41 9.42°40.13
Water activity (a ) 0.55°+0.01 0.49°+0.03 0.48°+0.01
Moisture (%wet basis) 3.41°+0.83 2.94°+0.40 2.51°+0.35

N.B.: Different letters within a row indicate differences determined by Duncan's new multiple range test DMRT) at the 95 percent level of

significance (p=-0.05)
" = Non-significant (p>0.05)
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50 °C
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70 °C

Figure 1 Macadamia nut crumb
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Table 3 Physical properties of Japanese rice cracker mixed with macadamia nut crumb.

Values
Drying temperature
Formula Hardness™ Fracturability™
(°C) : MNC (%) L* b*"
(N) (G)

1 50 (°C) : 20 64.66°+2.10 13.59+3.34 32.28+3.83 22.00+2.54 22.10+2.65
2 50 (°C) : 30 63.42°+1.30 14.25+2.89 34.32+3.34 20.90+2.33 21.90+2.28
3 50 (°C) : 40 64.24°+2.17 14.1622.77 33.80+2.90 21.90+2.08 20.40+2.12
4 60 (°C) : 20 64.10°+2.11 13.93+5.36 33.00+3.77 21.50+2.76 21.60+1.96
5 60 (°C) : 30 64.83°+2.13 13.76+2.45 32.38+3.70 20.10+1.29 21.20+1.93
6 60 (°C) : 40 62.21°+1.46 14.80+6.58 32.53+3.09 21.70+2.10 21.40+2.41
7 70 (°C) : 20 57.10°+1.86 13.30+3.86 35.1+2.38 21.80+2.36 21.60+2.88
8 70 (°C) : 30 56.33°+1.96 14.36%3.19 32.99+2.55 21.00+2.38 20.40+1.35
9 70 (°C) : 40 54.52°+1.44 14.3245.10 33.56 +2.21 21.90+2.26 20.10+2.13

N.B.: Different letters within a column indicate differences determined by Duncan’s new multiple range test DMRT) at the 95 percent level

of significance (p<20.05)
" = Non-significant (p>0.05)
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Table 4 F(p) value of Physical properties of Japanese rice
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cracker mixed with macadamia nut crumb.

Source of variation L* a* b* Hardness Fracturability
Drying temperature 1.241(0.295) 1.158(0.319) 0.877(0.420) 0.569(0.568) 2.902(0.061)
MNC 3.256*(0.044) 1.068(0.348) 0.105(0.901) 2.872(0.062) 0.026(0.975)
Drying temperature x MNC 1.801(0.137) 1.277(0.286) 0.380(0.923) 2.218(0.074) 0.218(0.928)

* = Differences were statistically significant (p<0.05)
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with macadamia (Macadamia integrifolia) nut crumb

Table 5 Sensory evaluation of Japanese rice cracker with macadamia nut crumb.

Liking scores

Drying temperature

Formula Overall accept-
(°C) : MNC (%) Appearance™ Colour Odour Teste Hardness"
ability
1 50 (°C) : 20 6.900.7 6.68°+0.8 6.647+0.8 6.72°+0.9 7.08+0.9 6.84°+0.8
2 50 (°C) : 30 6.92+0.8 6.88°°+0.9 6.88°+0.9  7.00"+0.8 6.98+0.8 6.86™+0.9
3 50 (°C) : 40 6.9620.8 6.86+0.8 7.10°+0.8 7.04%£0.9 6.900.9 7.08+0.8
4 60 (°C) : 20 6.92+0.8 6.70°+0.8 6.78%°+0.8 6.98°°+0.9 6.98+0.8 6.94*°+0.8
5 60 (°C): 30 7.00£0.8 6.947+0.9 6.947°+0.9 7.02°+0.8 6.86+0.8 6.90"+0.8
6 60 (°C) : 40 7.08+0.8 7.02*°+0.9 7.02°°+0.8 7.24°+0.8 7.18+0.7 7.10°+0.9
7 70 (°C) : 20 7.000.8 6.78°+0.9 6.80°°+0.9 6.96+0.8 6.98+0.8 6.78%+0.8
8 70 (°C) : 30 7.14£08 7.08"+0.8 7.00"°+0.8 7.14°£0.8 6.90+0.8 6.98"+0.8
9 70 (°C) : 40 7.18+0.8 7.10°+0.8 7.22°4+0.8 7.28°+0.8 7.16+0.8 7.22°+0.8

N.B.: Different letters within a column indicate differences determined by Duncan’s new multiple range test DMRT) at the 95 percent level

of significance (p<0.05)
" = Non-significant (p>0.05)

(@)

Figure 2 Japanese rice cracker with macadamia nut crumb.
(a) JRC-MNC 20% dried at 50 °C (b) JRC-MNC 30% dried at 50 °C (c¢) JRC-MNC 40% dried at 50 °C
(d) JRC- 20% dried at 60 °C (e) JRC-MNC 30% dried at 60 °C (f) JRC-MNC 40% dried at 60 °C
(g9) JRC-MNC 20% dried at 70 °C (h) JRC-MNC 30% dried at 70 °C (i) JRC-MNC 40% dried at 70 °C
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Table 6 F(p) value of Sensory evaluation of Japanese rice cracker mixed with macadamia nut crumb.

Source of Overall
Appearance Colour Odour Teste Hardness
variation acceptability
Drying temper-
4.209%(0.015) 1.650(0.193) 1.650(0.193) 4.633*(0.010) 0.090(0.914) 0.571(0.565)
ature (°C)
MNC (%) 1.925(0.147) 14.522%(0.000) 14.522%(0.000) 9.953%(0.000) 3.291%(0.038) 9.969%(0.000)
Drying temper-
0.169(0.954) 0.553(0.697) 0.553(0.697) 1.809(0.125) 2.408%(.048) 0.938(0.441)

ature x MNC

* = Differences were statistically significant (p<0.05)
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Table 7 Nutrition content of JRC-MNC per 100 g.

Nutrient (100g) Content
Total energy (kcal) 475
Total fat (g) 21.80
Saturated fat (g) 3.60
Cholesterol (g) Not Detected
Total Carbohydrate (g) 63.40
Total Sugar (g) 10.20
Protein (g) 6.20
Sodium (mg) 215
Potassium (g) 146
Moisture (g) 5.68
Ash (g) 2.20
Dietary fiber (g) 3.06
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Abstract

Crickets, a high-quality alternative protein source, can be value-added through processing into high-protein cricket
powder. The extrusion process is a simple and efficient food processing method that offers high yields with minimal
waste. It also enables customization of formulations, shapes, textures, colors, flavors, and nutritional values as desired.

Moreover, the addition of hydrocolloids, maltodextrin, and organic acids with the extrusion process can enhance the
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surface methodology and improving its properties with organic acids

properties of extruded cricket powder. This research aimed to determine the optimal conditions for producing cricket
powder with the extrusion process to achieve the highest property using the Response Surface Methodology (RSM).
It also investigated the effects of organic acid pretreatments on improving the properties of extruded cricket powder.
The optimization of ECP production focused on three factors: the ratio of cricket powder (CP) to maltodextrin (MD)
(x1), the content of carboxymethyl cellulose (CMC) (x2), and the water content (x3). These factors were studied to
maximize the response values, including protein content, solubility, and whiteness index. The experimental design
followed a Central Composite Design (CCD) with a total of 20 experiments. The regression analysis using RSM showed
that the optimal conditions for producing extruded cricket powder were a CP:MD ratio of 83:17, 1.6% CMC, and 41%
water content by weight of cricket powder, respectively. These conditions resulted in the highest values for protein
content (63.0%), solubility (74.9%), and whiteness index (46.7%). The verification of the model revealed that the
experimental values and the predicted values had a deviation of less than 5%, indicating that the model was reliable
for predicting response values. Additionally, the pretreatments of ECP with organic acids, including citric acid, fumaric
acid, and ascorbic acid, were applied at concentrations of 0, 0.2, 0.4, 0.6, 0.8, and 1.0% by weight of cricket powder.
This study found that as the concentrations of all three organic acids increased, the solubility, whiteness index, and
antimicrobial activity of the extruded cricket powder were significantly improved. The addition of fumaric acid at a
concentration of 1% in the extrusion process resulted in the highest property of ECP. The results of this study confirmed
that RSM was an effective method for determining the optimal conditions for producing extruded cricket powder. The
addition of organic acids in extruded products enhances the properties of the product. This is considered an effective

way to add value to crickets by utilizing them as a raw material in high-protein food products.

Keywords: Extrusion technology, cricket, extrude cricket powder, response surface methodology, organic acids
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(Quadratic equation) I%Lﬁalmmmmé'mw”uﬁ(w @y\‘l‘l'i: Y
- Bo * B1X1 * [32)(2 * Bsx3 * B11X12 * B22X22 * B33X32 *
B, xxx, laufl ¥ fia daudsaousuas, x , x uas x, fe
IRFNILYT ( coded process variables) LLag BO, [31, Bz,
B3’ Bn’ Bzz’ Bsa Haz B123

(Regression coefficients) 15l4n1331AT12WoNTNAVY

> a Af
AFNUTZENTNIINAD DY

@”ﬁLLﬂiﬁmz@iaqmauﬁﬁmaam%{m’%@Laﬂsf‘ngm
10. NMIFIATIEHNWIAAA
mam'szmmzawﬁ"lﬁm@auauaagaqmim
1IUHUNIINARBILLL CCD wazdiainzidayadin
Tdsunsy Design Expert version 7.0 (Stat-Ease, Inc.,
Minneapolis, MN, USA) 'mLqumimaaamejmugmi
(Completely Randomized Design; CRD) LLa% Bl
anaudsiniuasdayanadiflas ANOVA WSsuifiey
ANULANGIBIANLAALTIE Duncan’s Multiple Range
Test (DMRT) fiszduanudesiu 95 % aaalusunsy
SPSS statistic program (Version 17)

Table 1 Independent variables and levels of CCD applied to instant extruded cricket powder ingredients.

Independent variables Levels
Code Real - -1 0 +1 +Ol
Ratio of CP:MD (% total weight
X 75:25 80 : 20 88 :12 95:5 100:0
! cricket powder basis)
CMC content (% total weight
X 0.3 1.0 2.0 3.0 3.7
2 cricket power basis)
Water content (% total weight
X 23.2 30.0 40.0 50.0 56.8

cricket powder basis)
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Table 2 Response values for Y1, Y2 and Y3 with different combinations of X, X, and X, in CCD.

Code level of variables'

Response values®

No. X, X, X, Y, Y, Y,
(%) (%) (%) (%) (%) (%)
1 80:20 1.0 30 60.8 72.5 48.9
2 88:12 2.0 40 64.8 75.8 45.1
3 88:12 2.0 40 65.1 73.9 44.5
4 95:5 1.0 50 68.7 71.2 42.9
5 88:12 2.0 40 64.4 75.9 45.1
6 88:12 37 40 64.6 72.2 43.9
7 88:12 2.0 57 64.2 75.0 445
8 88:12 0.3 40 65.2 65.8 43.8
9 80:20 3.0 50 56.8 72.0 46.1
10 88:12 2.0 23 64.0 65.0 44.6
11 100:0 2.0 40 69.6 75.5 40.8
12 95:5 1.0 30 67.8 60.5 40.9
13 95:5 3.0 50 68.7 75.8 41.8
14 75:25 2.0 40 56.0 73.8 52.5
15 88:12 2.0 40 64.8 73.5 45.1
16 80:20 3.0 30 58.0 73.5 47.9
17 88:12 2.0 40 67.0 75.1 44.9
18 88:12 2.0 40 65.4 77.4 43.4
19 95:5 3.0 30 67.2 74.8 425
20 80:20 1.0 50 61.5 71.8 47.4

1x1: Ratio of CP:MD (%), X): CMC content (%), X Water content (%).
2Y1: Total protein content (%), Yz: Solubility (%), Y3: Whiteness index.

Nam‘mﬂaamazaﬁﬂﬁﬂwa
1. NINATITHNIARAUALNITAIIUUY
31889
MIUATTAMINANDENAGH WUTIFUNNT
w»zmmﬁé’maa (Second-order polynomial equations)
wazndulsrntuasnmsdaaula (R?) vasnauauas Y,
Y, usz Y, WYiNNU 0.9713, 0.8823 ez 0.9711 @uaaU
WazFANNNLEefie (p-value) BIUULTIRDS Y. Y, uae
Y, WiNNU <0.0001, 0.0013 ez <0.0001 GMNRIAU (p <
0.05) uaaslWiAwINLULTIRaITTuEALNNEDa Ve
denmufionasauanulimanzan (ack of fity vasuuy
MAIY,, Y, uae Y, Tenanninazidu (p-value) winfu
0.5641, 0.1352 Wz 0.3914 anaseu Selaidtusdme
886 (Table 3) nafilduaasliiFininuuusiaosnosui
anuminzaulunsinanlfidemannzmanzanluns

a a 6 o as 1A
HAA ECP WAMTIATZANAMNMAIFed wuiilany
FUANBSLI W FUATILAT A RIRBILTILINYD X, (BNNEI
289 CP: MD) x (CMC) uaz x_ (U3anmun) ANBNINWA
aglityadydadulsnausuas Y, Y, uaz Y,
YSunalds@uas ECP 119 20 mInaaad &
FNAILG 56.0-69.6 % laBunAtnLAs wudanaIuvas
CP: MD uazd3unme CMC HanTwasg1idiipsaee
YSuuldsduaas ECP (p<0.05) vmeAidTuuunladl
Andwaatnlitd Aty (p>0.05) daLsanmlisduvas ECP
NnNIANELEaslfARIY Waliudanaliw CP: MD
Psunmldsdulunfanmaiazifulinedelivuaamy
4 a o X A e e
WasnniimaAnveslusduidvdalundadusd adnels
=3 a = 6 o I3 a Qs t:l ) s
fonu madunaalniannsuddadudniladangiainm
AuaudfvaslUsfulunszuaunisiennytu ilasanuea
I3 € a A va & o A & . A
Indndniudqmuant@idudzio@uidn (Filler) AR
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HARATUWaAas 1H899n CMC umsinaNuniadads
wa@iams%’umjuﬁma\ﬂﬂsam:ijam:mumnaﬂwg
T KFOAARDINUIIHIALUDS Chuaychan and Benjakul
(2016) ewiMslE ecMc wuSunanniiullenaas
MITudITwaIllsau S’f%aﬁ%awalﬁ’[ﬂsﬁugﬂﬁwmﬂmﬂ%u
Tusznianszuaumaudssy Ssvinldnfadusigarined
Vsunaldsfuanasenoituin deim madu cmc lu
Usinounanzaaiaduilefosdniinasenietlunis
mquqmauﬂamaawamﬁmﬂﬂiﬁummmm
anusanIaluMIazaewes ECP fendaud
60.5-75.9% WUINUSUM4 CMC wazl5anamin §nsua
adnaiidaAndaniusIuTnlun1sazaisuad ECP
(p<0.05) Unu=idasdinves CP: MD lLaifianswaaged
BeE19n (p>0.05) AalSanmlisdiuves ECP maifiu CMC
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AUENTANINBIAI VI CMC saduiledosdnfivinle
ECP Sanwsmansolumsazansasdindu aendlsianu
ﬂ’%mmﬁwﬁﬂuﬂa%’ﬂéwﬁ@ﬁﬁwaimyma@iamsﬁuﬂ;d
AmauLifvad ECP (Islam et al., 2022) Tasinasynmeini
udnanstolillsdudiunszuiunmsudsgdidadng
A% UazaaMSIEUA R W auma Fesaaulillsdiu
Glum'%m%@azmUVL@Td'ly“ﬁuﬁﬁans:mumnaﬂﬂﬁu (Yu
etal., 2023) Ao indaaIuues CP: MD fansa
°1hU%Tm:nL‘ﬁaé?faJﬁa"uaowamﬁmmﬂunszmumnaﬂﬂg%’u
wAAMNENNTD I TAzA IR A LT uBnINAN
U33N0 CMC uazt/3unouin 4915unm CMC ffiadus

Table 3 Second order polynomial equations, coefficients

nalwlusdunszanedleate srumslsunaunfmanzay
Tataintseansanwmsazansveslsawlwinnduin
@18 (Chaipoot et al., 2024) sonARaIMIIToiountiniid
fudwiSanm cMC uszdimnaniniduiledusanluns
Wnanuaansalumsazansveslsduaasnaadmaii
HIUNIZUIRMILONNT T T CMC ¥inwsinALasunis
vfwmmaaif’fl,umsﬁﬂﬁm&mﬂiﬂsﬁmmﬂéf’;LLa:ﬂizmﬂ
Fleadu wams?mmf‘hmmlﬁﬁu’hmsmuQuﬂ%mm
CMC LLa:ﬂ’%mmifﬂuﬂs:mumnanwg%’m:ﬁﬂﬂﬁ
wﬁmﬁmm"[ﬂs?\uﬁﬁqmauﬂagd (Yu et al., 2023)
FrianLI8s ECP Hndaus 40.8-52.5%
WUTTATIEIUDI CP: MD NBnTwaadIlnusIAyde
AndTiiaNuITes ECP (p<0.05) 1auefitsunm CMC
waztSunonin lfiansnaedhsiitesdny (p>0.05) da
ANNIVEI ECP Ssuaasliifinin nslddasain
CP:MD fiuanesiugdsnalagassdadaiianuuiyes
ECP fiasannuaalnidndriudinunizdunsdun eld
1%&'@5&3%‘7’1'go%u%aﬁ%walﬁm%m%ﬁmmmnLﬁ'w’ﬁu
(Chaipoot et al., 2024) Um=At CMC wazU3anasin i
Snwadaduiinnunafieisuiudanausas CPMD
wii oMC aztindiudylassainevesndaioe uald
Ieinalapasdagaiianurndslyningu wenainit MD
fitaoUTulyenuaidizes ECP uazrnwlasiasnsuas
IR BALAZIMIINLLNT Y BIFINaNNISaNAaNTE=Ta%
wsauasvn IR TR NuTANT Y FeRndesiUNuaTues
Smith & Harris ( 2020) lamsauirfisals MD lu
m:mumma@mmmuuwuﬁaﬂ%’uﬂymwmaLLa:Lf‘Ia

VAR LT Uan A9t daaIuvad CP:MD uiadunan

'
Ada

ABNINaGaa TNV EI ECP USunm MD ALl
o v Aa a 6 .&’ d' U

VN IRNRAAUFRAMNVNININTY Ve N1 CMC Uaz

USUNa TNaL N UL AN Ua G ANNUNIVDINRAD DA

of determinations and lack of fits of response variables.

R’ Model Lack of fits
Responses Second order polynomial equations
(p-value) (p-value)
Y1 =653+ 4.3x1 - 0.7x2 + 0.9x12 + O.9x1x2 0.9713 <0.0001 0. 5641
=75.3+23x +1.9x —2.1x* — 1.8x >+
Y 2 ® 2 3 0.8823 0.0013 0.1352
2 2.2x X_+ 1.7x X
12 12
Y =447 - 3.1x1 + 0.7x12+ 0.6x1x3 0.9711 <0.0001 0.3914
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Figure 1 Response surface plots for the effect
of independent variables (x1, ratio of cricket powder
to maltodextrin; X, CMC content; X water content)

on protein content (Y1)
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Figure 2 Response surface plots for the effect
of independent variables (x1, ratio of cricket powder
to maltodextrin; X, CMC content; X, water content)

on solubility capacity (YZ)
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Figure 3 Response surface plots for the effect of
independent variables (x1, ratio of cricket powder to
maltodextrin; X, CMC content; X water content) on

whiteness index (Y3)
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Abstract

Trichoderma spp. are important causative agents of green mold disease in the production of phoenix oyster mushroom.
Disease control using antagonistic bacteria is one of the biological control methods that is safe for humans and
environmentally friendly. This research aimed to screen antagonistic bacteria against Trichoderma spp. and investigate
the efficiency of these bacteria in controlling Trichoderma spp. in the greenhouse. The three fungal isolates were
isolated from infected cultivating bag samples. Based on morphological characteristics and sequence analysis of the
ITS region, the results showed that they were identified as Trichoderma atroviride BM1.2, Trichoderma longibrachiatum
GM3, and Trichoderma longibrachiatum GM4. Twenty isolates of Bacillus spp. were isolated and screened for their
ability to control the pathogenic fungi. In dual culture testing, Bacillus sp. S3.1 exhibited the highest efficacy to inhibit

the growth of Trichoderma atroviride BM1.2, Trichoderma longibrachiatum GM3, and Trichoderma longibrachiatum
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Efficacy of Bacillus tequilensis S3.1 to control fungal Trichoderma atroviride
and Trichoderma longibrachiatum caused green mold disease

in phoenix oyster mushroom (Pleurotus pulmonarius)

GM4 by 63.01%, 55.99%, and 53.96, respectively. The volatile organic compounds (VOCs) production analysis of

Bacillus sp. S3.1 showed the inhibition of the growth and sporulation of the tested fungi. Based on 16S rDNA gene

analysis, isolate S3.1 was identified as Bacillus tequilensis. In vivo experiments, the spawning and cropping stages,

all antagonist treatments reduced the disease incidence compared to the single pathogen treatments. In addition, the

mushroom yields of antagonist treatments were not significantly different from those of uninfected treatments. This

antagonist isolate could reduce the incidence of green mold disease and decrease the loss of fresh mushroom

production. This study suggests Bacillus tequilensis S3.1 is a promising biocontrol agent and could be developed as

a biological fungicide for oyster mushroom production.

Keywords: Antagonistic bacteria, Biological control, Green mold disease, Phoenix oyster mushroom
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Figure 1 Neighbor-joining phylogenetic tree of Trichoderma isolate BM1.2, GM3 and GM4 based on ITS region

sequence analysis.
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Figure 4 Effect of VOCs of Bacillus sp. S3.1 on the growth of Trichoderma atroviride BM1.2 (b), Trichoderma
longibrachiatum GM3 (d), and Trichoderma longibrachiatum GM4 (f) in comparison to controls (a, ¢ and e)

after 7 days of incubation.
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53

Bacillus cereus ATCC 14879 (NR 074540)

Figure 5 Neighbor-joining phylogenetic tree of Bacillus sp. S3.1 based on 16S rDNA sequences analysis.
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Table 1 The effects of Bacillus tequilensis S3.1 on controlling Trichoderma sp. of phoenix oyster mushrooms in the

spawning stage.

Treatments Disease Severity Index (%) *

Trichoderma longibrachiatum GM3 60.00 + 8.66°**
Trichoderma longibrachiatum GM3 + Bacillus tequilensis S3.1 4167 £ 5.77°
Trichoderma longibrachiatum GM4 63.33 + 12.58°
Trichoderma longibrachiatum GM4 + Bacillus tequilensis S3.1 30.00 # 5.00°
Trichoderma atroviride BM1.2 58.33 + 7.64°
Trichoderma atroviride BM1.2 + Bacillus tequilensis S3.1 31.67 +2.88"
Bacillus tequilensis S3.1 0.00°

Untreated 0.00°

* Data are means = standard deviations (SD) of five replicates

** Values with different letters within the same column are significantly different at P<0.05 according to Duncan’s multiple range test
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Table 2 The effects of Bacillus tequilensis S3.1 on controlling Trichoderma sp. of phoenix oyster mushrooms in the

cropping stage.

Treatments

Disease Severity Index (%) *

Yields (g per bag) *

Trichoderma longibrachiatum GM3

Trichoderma longibrachiatum GM3 + Bacillus tequilensis S3.1
Trichoderma longibrachiatum GM4

Trichoderma longibrachiatum GM4 + Bacillus tequilensis S3.1
Trichoderma atroviride BM1.2

Trichoderma atroviride BM1.2 + Bacillus tequilensis S3.1
Bacillus tequilensis S3.1

Untreated

43.33+5.777* 84.73+7.22°
23.33+5.77° 105.00+15.55a®
38.33+10.40° 83.43+7.48°
22.33+5.77° 107.97+15.37%
35.00+5.00° 85.60+13.25"
18.33+2.89° 120.76+16.85°
0.00° 125.93+15.77°
0.00° 121.40+16.21°

* Data are means + standard deviations (SD) of five replicates

** Values with different letters within the same column are significantly different at P<0.05 according to Duncan’s multiple range test
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Effects of BA and IAA on callus induction from leaves and embryogenesis of Tacca
leontopetaloides (L.) Kuntze In Vitro conditions
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Abstract

Tacca leontopetaloides (L.) Kuntze, a tuberous plant species, holds significant potential in nutrition, medicine, and
industrial applications. Its importance in the food and pharmaceutical industries necessitates the development of
effective propagation methods, particularly tissue culture under sterile conditions, for the extraction of bioactive
compounds and production of various products. This study investigated the effects of different concentrations of
benzyladenine (BA) and indole-3-acetic acid (IAA) on callus induction and embryogenesis development. Leaf segments
were cultured on MS medium supplemented with BA at concentrations of 0, 0.5, 1.0, and 1.5 mg/L, combined with
IAA at concentrations of 0, 0.5, 1.0, and 1.5 mg/L. The experiment followed a completely randomized design (CRD)
with three replications, and the differences in means were analyzed at a 95% confidence level. After four weeks of
culture, callus formation was observed in the leaf segments, with the callus exhibiting a compact green appearance.

The highest callus induction rate (100%) was achieved on MS medium containing 1.0 mg/L BA and 1.0 mg/L 1AA,
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Effects of BA and IAA on callus induction from leaves and embryogenesis

of Tacca leontopetaloides (L.) Kuntze In Vitro conditions

which was significantly different from other treatments. For callus development into plantlets, MS medium supplemented

with 1.0 mg/L BA and 1.0 mg/L IAA produced the highest number of shoots (5.67 + 0.72 shoots) and the greatest

average number of roots (3.07 + 0.80 roots) after four weeks of culture. The results demonstrate that the combination

of BA and IAA at optimal concentrations is effective in promoting callus induction and subsequent shoot and root

development in Tacca leontopetaloides (L.) Kuntze.

Keywords: Tacca leontopetaloides (L.) Kuntze, callus, benzyladenine (BA), indole-3-acetic acid (IAA), embryogenesis
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Figure 1 Characteristics of Tacca leontopetaloides (L.)

Kuntze callus on MS medium supplemented with 1.0
mg/L BA + 1.0 mg/L IAA (a) after 2 weeks of culture
and (b) after culturing for 4 weeks and

(c) poorly developed callus.
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Table 1 Percent of callus induction on MS and medium
supplemented with various concentrations of BA

and IAA cultured for 4 weeks.

Treatments Callus induction
media BA 1AA (%) £ SD
(mg/L) (mg/L)
T MS 0 0 00.00%0.00"
T2 MS 0.5 0.5 86.67+5.77°
T3 MS 0.5 1.0 70.00£0.00°
T4 MS 0.5 15 43.33+5.77°
T5 MS 1.0 0.5 73.335.77°
T6 MS 1.0 1.0 100.00+0.00°
T7 MS 1.0 15 76.675.77°
T8 MS 1.5 0.5 50.00+0.00°
T9 MS 1.5 1.0 46.675.77°
T10 MS 1.5 15 16.6745.77°

Note: MS = Murashige and Skoog (1962); Mean values followed
by different letters indicate significant differences according to
Duncan’s Multiple Range Test (P < 0.05)
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Table 2 Number of shoots cultured for 4 weeks and roots
cultured for 8 weeks per callus cultured on MS
medium supplemented with various concentra-
tions of BA and IAA.

Treatments No. of shoots/ No. of roots/
PGRs(mg/L) callus callus
media -
BA 1AA

T1 MS 0 0 0.00+0.00° 0.00+0.00°
T2 MS 0.5 0.5 3.53£0.52" 1.93+0.70°
T3 MS 1.0 1.0 5.67+0.72° 3.07+0.80°
T4 MS 1.5 1.5 2.00£0.53° 3.20£0.94°
T5 MS 2.0 2.0 0.53+0.52° 2.00£2.00°

Note: MS = Murashige and Skoog (1962); Mean values followed
by different letters indicate significant differences according to
Duncan’s Multiple Range Test (P < 0.05)

: 6
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Figure 2 Shoot formation of Tacca leontopetaloides (L.)

Kuntze on MS medium (a) without plant growth
regulators, (b) with 0.5 mg/L BA + 0.5 mg/L IAA, (c)
with 1.0 mg/L BA + 1.0 mg/L IAA, (d) with 1.5 mg/L BA
+ 1.5 mg/L IAA and (e) with 2.0 mg/L BA + 2.0 mg/L

IAA after culturing for 4 weeks.
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Figure 3 Root formation of callus 8 weeks.
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Q 1
NAaaaa
Menunsdnsuailainduazledlounsuvenudeasnay (Sylvirana malayana) \iudadnsanihanan-uian 39wia
= k2 = aa v =) k3 Aa [

pzan wspulaslulavlasassnnlanizgn donsdessazanslaaddu douFlaslulouuuusysuandinding 20%
wafinmdon siia vwnevaslastulaoy wamsfnmwuihnudasmandswnlaslulaudwassd (2n) Wil 26 uris
F5wulaslalouiugin (NF) winu 52 dsznausislaslalausiiawnmimuwninuwalng 2 uvis Teslulousiwn
wunsnawialng 6 uvs laslalauauniouwn3nuwianas 2 uis laslulsusdawniasunsnawaiin 1o uvis laslalo
TN ILTUNINIWIALED 4 urid uazlaslulovezlaniouninawiadn 2 uris Lisunsnszylaslalouwale
mmmLﬂﬂuagml,mﬂavlﬂﬂmaaﬂuéaaumg @9 2n (26) = L™ +L°" +M7 +S" +S™" +S°,

Qs

o o @ 6 o & a 6] ' 1
ANHIATY: un;mamimumaa, LLﬂSIavLYIﬂ, ﬂuaaaumg, thaa-uian

Abstract

The first report of karyotype and idiogram of Malayan dark-side frog (Sylvirana malayana), samples collected from
Hala-Bala forest, Yala Province. Chromosomes were prepared directly from bone marrow. Use the direct method with
colchicine solution. Conventional chromosome staining with 20% Giemsa was dyed to study the number, type, and
size of chromosomes. The results of the study revealed that the Sylvirana malayana has a diploid chromosome number
(2n) = 26, with a basic chromosome number (NF) = 52, consisting of 2 large metacentric chromosomes and a
submetacentric chromosome. There were 6 large, 2 medium metacentric,10 small metacentric, 4 small submetacentric
and 2 small acrocentric chromosomes. No sex chromosomes could be identified. The karyotype formula for a Sylvirana

malayana can be written as follows: 2n (26) = Lm2+LS’"6+Mm2+Sm1O+SS"‘4+Sa2.

Keywords: Cytogenetic, karyotype, Sylvirana malayana, Hala-Bala forest
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Figure 1 Malayan dark-side frog (Sylvirana malayana)
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Figure 2 Metaphase Chromosomes (A) and karyotype of the Malayan dark-side frog (Sylvirana malayana) (B)

by conventional chromosome staining, 2n = 26.
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Figure 3 The idiogram of the Malayan dark-side frog (Sylvirana malayana)

by conventional chromosome staining, 2n = 26 .
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Table 1 Mean length of the short chromosome arm (Ls), length of the long chromosome arm (LlI), total length of each

pair of chromosomes (LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of

Malayan dark-side frog (Sylvirana malayana) from 20 metaphase cells (2n=26) were measured using Adobe

Photoshop and Microsoft Excel.

Pair of Chromosome Chromosome
chromosomes Ls H LT clzsb RLSD Size Type

1 495.55 577.15 1072.70 0.538+0.041 0.145+0.008 large metacentric
2 323.16 565.85 889.01 0.636+0.039 0.120+0.007 large submetacentric
3 303.09 518.51 821.60 0.631+0.046 0.111+0.004 large submetacentric
4 274.62 480.22 754.84 0.636+0.043 0.102+0.006 large submetacentric
5 284.86 367.75 652.62 0.564+0.034 0.088+0.005 medium metacentric
6 220.31 272.53 492.85 0.553+0.038 0.066+0.003 small metacentric
7 167.80 285.42 453.23 0.630+0.045 0.061+0.002 small submetacentric
8 118.35 314.21 432.56 0.726+0.043 0.058+0.002 small acrocentric
9 148.00 264.16 412.17 0.641+0.042 0.056+0.003 small submetacentric
10 173.81 219.31 393.12 0.558+0.045 0.053+0.003 small metacentric
11 165.81 206.37 372.18 0.554+0.052 0.050+0.002 small metacentric
12 151.75 196.37 348.13 0.564+0.031 0.047+0.003 small metacentric
13 140.62 181.96 322.59 0.564+0.034 0.043+0.003 small metacentric

Table 2 Previous cytogenetic reports of Cytogenetic of amphibians in the family Ranidae.

Type of chromosome

Species 2n NF Study report

m sm alst t/a
Sylvirana malayana 26 52 14 10 2 - This study (2024)
Staurois latopalmatus 26 52 10 14 2 - Matsul and Seto (1985)
Rana andersonii 26 52 16 10 - - Liu et al. (1993)
Rana maculosa 26 52 12 12 2 -
Rana unculuana 40 80 14 16 8 2
Rana erythraea 26 52 14 12 - - 0177 UAZ N7 (2548)
Rana nigrovittata 26 52 10 16 - -
Rana laterlis 26 52 12 14 - -
Pelophylax ridibundus 26 52 12 10 4 - Martirosyan and Stepanyan (2009)
Rana macrocnemis 26 52 8 12 6 -
Sylvirana nigrovittata 24 48 24 - - - Pradit et al. (2018)
Amolops panhai 26 52 20 4 4 -
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Abstract

Determining the ethanol content in alcohol sprays was essential for evaluating the quality of disinfectant products.
However, current methods require expensive scientific instruments and must be conducted in a laboratory. The
objective of this research was to develop a simple method for determining the type and percentage by volume of
ethanol in alcohol sprays that can be used in the field. The method relies on comparing with a standard color strip
without the need for scientific instruments. The study method has utilized the oxidation reaction of ethanol with
potassium dichromate in sulfuric acid, examining the optimal temperature and reaction time. Interferences from
methanol and isopropanol were also investigated. A standard color strip was created based on the L*, a*, and b* color
values of ethanol solutions. The results were compared with gas chromatography and color spectrophotometry. The
experimental results revealed that the reaction at room temperature and 20 minutes resulted in a yellow-green or
green solution in alcohol that met the quality standards with ethanol concentrations exceeding 70% by volume. In

contrast, low-quality alcohol produced an orange or orange-yellow solution. There was no interference from methanol,
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but interference occurred from isopropanol. Ethanol concentrations could be visually distinguished at six levels 50%,

60%, 70%, 80%, 90%, and 99.7% by volume. B* values differed significantly at almost all concentrations (p<0.05).

The findings were consistent with standard methods. The study results present a low-cost method, costing only 3 baht

per sample. This approach is convenient, fast, and suitable for field applications, making it a viable alternative for

self-assessment of disinfectant product quality.

Keywords: Ethanol, oxidation reaction, alcohol spray, color strip
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Table 1 Comparing the effect of time on the oxidation reactions of ethanol, methanol, and isopropanol through color

change.

Time (min.) Ethanol

Methanol

Isopropanol

E1l E2 E3 E4 E5 E6

M1

El1 E2 E3 E4 E5 E6

E4 E5 Eé6

El E2 E3 E4 E5 E6

15

M1 M2 M3 M4 M5 Mé6

M1 M2 M3

M1 M2 M3 M4 M5 M6

IP1 1P2 IP3 1P4 IPS IP6

M4 M5 M6
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in alcohol spray using the color comparison test

Time (min.) Ethanol

Methanol

Isopropanol

El_E2 E3

20

30

M1 M2 M3 M4 M5 M6

IP1 1P2 1IP3 IP4 IP5 IP6

IP1 IP2 IP3 IP4 IPS IP6

Note: Ethanol (E1 — E6), Methanol (M1 — M6), and Isopropanol (IP1 — IP6) refer to alcohol solutions with concentrations
of 0%, 20%, 50%, 70%, 80%, and 99.7% by volume, respectively.

2. HAYAINITMABALAUEF
naIMMTIadaRaINalfAseneanGiat
A 20 WIT1 VBIRITRZALLENIWEANA NN NTUI B8
82 0-99.7 lauluNaT @I8LATRIIARINNANRRE 10 79
' v o \ AA o @
NNINARDIVBILARZANNLNTY AVFN LALFAINI Table 2
oA Qs t;’ ' 1 <l a
NRNANE LRAINAAIH Aranusinadudun (L) wils
a > U U { v v lg/
HNEWIUANNTUTUIBSLo MBI NANNITNTUFITH Ao

JA18A8997N 86.38 09 69.55 ﬂ'nmmﬁnnmmﬂq@mu
1 v =) & di a 6 aa v ad
Avoagafa 16.83 TailliaTiazvinieaiifdei835 DMRT
A1 L* Ua9Lauaan ULl NTuIaaas 40, 50, 60 LA 70
TasdSunas i inagaa watdaanuiutuiinninies
82 80 lapdsunay iudwly @1 L ﬁ]:Lmn@mmaaﬁﬁnﬂ
ANNLTNTY

Table 2 The average L, a, and b* color values obtained from the ethanol oxidation method.

Alcohol (%) L* a* b*
0 86.38 + 0.9%a 9.19 + 1.81° 128.77 + 2.21°
10 83.24 + 1.04° 4.26 +2.18° 117.33 + 3.52°
20 81.36 +0.99" 0.20 + 2.47° 107.26 + 5.50°
30 79.90 + 1.43% 242 + 2.75° 99.66 + 7.32°
40 79.15 + 1.39% -4.90 + 2.69° 92.77 + 8.38°
50 78.18 + 1.55% -7.87 £ 2.09° 83.83 + 7.55'
60 77.20 + 1.97% -12.47 + 1.40° 67.25 + 7.89°
70 77.16 + 2.01% -17.06 + 0.62" 41.77 + 8.63"
80 76.45 + 3.79 -16.43 £ 1.29" 9.32 + 2.37'
90 74.02 + 3.31° -14.09 + 1.06° 322 +0.74
99.7 69.55 + 3.31" -24.59 + 1.53' 11.24 + 1.61'
%CV (absolute) 2.82 24.58 8.41

Note: The mean value of the experiment conducted in 10 replicates + standard deviation.

* Different letters in the same column indicate a significant difference among the samples (p < 0.05)
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Figure 3 The color of various concentrations of ethanol solutions used for visual examination:

(A) color appearance, and (B) color test-strip
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3.1 wSsuigunuimaia HS-GC/FID
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LNUBAILINALA HS-GC/FID U8aIa4 Table 3 @38814
s1 TdFisudodn Wouwoufiomuasldidu > $ou
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Colorimetric determination of ethanol percentage by volume
in alcohol spray using the color comparison test
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Table 3 Comparison of the proposed method with HS-GC/FID and color values for the determination of ethanol

concentrations in spray alcohol samples.

Sample Proposed method HS-GC/FID Color Consistency
Color appearance Color Visual examina- (%viv) L*a% b
test-strip (%v/v) tion (%v/v)
S1 <997 98.5 74.4,-19.6, 9.1 +
99.7%
S2 27009580 76.3 78.1,-125,7.3 +
70% 80%
S3 <70 64.8 83.4,-14.4,52.6 +

60%
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Table 4 Comparison of the developed method with other reported methods for the determination of ethanol based on

3 replicates.

Method Detection time Price (Bath) Potential used Ref.

HS-GC/FID 45 3,600 Laboratory (Kaewsuwan et al., 2023; Office of Scientific Instru-
ment and Testing, 2024)

Direct -GC/MS 30 - Laboratory (Nisbar et al., 2023)
Direct-GC/FID 54 - Laboratory (Thitisaksakul et al., 2021)
UV-VIS 30 - Laboratory (Katewaree & Navakhun, 2017)
Test-kit 5 60 onsite (Chamni, 2021)
Color test-strip 20 3 onsite This work
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Figure 4 The color appearance of spray alcohol

samples used for visual examination
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Abstract

Passiflora foetida Linn. is a medicinal plant found throughout regions of Thailand that possesses various biological
properties, including antioxidant, antimicrobial, anti-inflammatory, and antibacterial. This study investigated the
phytochemical composition and biological activities of extracts from different plant parts (leaves, flowers, and seeds)
using ultrasonic extraction with 70% ethanol. Preliminary phytochemical screening, total phenolic and flavonoid content
determination, and biological activity assessments revealed the presence of flavonoids, coumarins, saponins, tannins,
and terpenoids, with leaf extracts demonstrating the highest total phenolic content and total flavonoid content. (47.06
mg GAE/g extract and 50.87 mg QE/g extract, respectively).Furthermore, the leaf extract demonstrated the most potent

antioxidant activities, tyrosinase inhibition, and anti-inflammatory activities. (IC50 612.25 pg/mL, 202.39 pg/mL, and
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15.26 pg/mL, respectively.) The antimicrobial efficacy test conclusively showed that the crude leaf extract of Passiflora

foetida Linn. significantly outperformed flower and seed extracts in inhibiting the growth of four microbial species (p <

0.05). The findings indicate that Passiflora foetida Linn. leaf extract possesses the most potent bioactive properties

compared to flower and seed extracts. These results suggest its potential use as an ingredient for developing antioxidant,

tyrosinase inhibitory, antimicrobial, and anti-inflammatory products.

Keywords: Passiflora foetida Linn., antioxidant activity, tyrosinase inhibition, anti-microbial activity, anti-inflammatory

activity
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1. LHWNIINARDI
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NG § VaINTNENNIN (Passiflora foetida Linn.)
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Jiasedmisbaio3suifisuanuuandsuasnans
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Souin Fndasszuts (Futladen unsan 2566
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fafth uaziuifis nyunwaniuas lavldduly aen
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FuLdn LLST%E’]VIJJausl,uﬁauam”auﬁqmﬁgﬁ 45 °C 9w
winesd ualwazidoadaiadasua Selimausiiwing
k1At
22 nisanadlsaralidansilaia
(Ultrasound-Assisted Extraction)

Tapvinwsgnly aan usztwianznnindi
uaazldua Inmadneas 10 g araeluansazanslemues
ANULTNTU 70%viv USH1@T 100 mL uazn blanalu
iniasdanlofia finnwd 40 kHz ﬁqmgﬁ 50 °C 1fw
L 30 wift inlUnsasEATIILNg TN 1 A59 9
lnsasdronszansnsesiue’ 1 ldmsarafilauaslis
axnaw inmsatasn 5 a5 inlusnedarinazansaen
ﬁ’amﬂ%ad Rotary evaporator muldanudu 175 mbar
121 Jaudiawfl (rpm) ﬁqmmqﬁ 45 °C il aimen
e mm3osazasiminasana (% yield) Y8813
afiaanly aen wazlwEanznnIn suAUTWINGUAL
Tumssna (Kementerian Kesehatan Republik Indonesia,
2017) LLa:Lﬁu%’nm‘Hﬁqm%Qﬁ@iﬁLﬁ;asl,%’l,umi‘il,mﬁ:ﬁ
‘vmLﬂﬁLLazmi‘n@1aaturm‘ﬁfma%'smwlu%umau@iavlﬁ

Effect of Passiflora foetida Linn. extract on antioxidant, tyrosinase inhibition,

antimicrobial and anti-inflammatory activity

3. ABNAFDUNIIBINN
3.1 msmmaaumsquumﬁLﬁaaﬁu

YNMIATIIFDLENINONELAR IURTENA
RLNUFIBENT 9 V2INLNNTA MAUA I Aan LaziuEavad
nznnan Wemiansandny 9 ndw ldud Wanlouend
waunTa3lun auiiu mlufin unuiiu Wavunudin
wastuasd mAstesd wazaniauaalnalalad lagls
Ujismafaiwianznen Gedaudasann 33n1ved
Harborne (1973), Koleva et al. (2002) L8z Ayoola et al.
(2008) LARZMINAROLYNNINATOUT 3 A59 G9il
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Huindeady ugasin wunaliuese

3.12 NTATIAFALUAUNIIAT LU
(Anthaquinones) %;amsaﬁ'@mnlu AN UWAZLUAAYD
NeNNIN 8898z 0.1 g LANRITAZAY 10% HZSO4L°]JE'I'] A
UnLA389891N 3 Wil nsesuazinasnanfildifu
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FTAWLAI UFAITT WULAUNTIAD U
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ARBILTY LRI WUANNTH

3.1.4 mIyamagaum Ui (Saponins)
Femsatinanlu aan usswEavasngNnsn ageay 0.1 g
Rurndu 8% 5 Wil e ﬁwﬂswngﬂaamastﬁ@%ﬂu
ARANARDY UEAIIN Wua Ui

3.1.5 NM1IAIRAFDUUNUBK (Tannins)
Femsatinanlu aan usswEavasngNnIn ageas 0.1 g
WEuinauL5i@3 1.0 mL ejuuum‘%aaé’aﬁﬂ 5 w171 N389
WWuasacansaanaalia (1% FeCl,) WU 5 HYa
it funngmiszasidsasmiarniiue usasi
WULN U

3.1.6 N1saTeFa U WAL LN UAY
(Phlobatannins) F3g3aiaanly aan wasluiaves
NZNNIN 88198z 0.1g AN ajuuum‘%aaé’afh 5 Wl
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3.1.7 MIATARBLINasLINaLq (Terpenoids)
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@@ﬂﬁuumﬁmmmmé"u 420 nm sutadasmin
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ﬁ'}vl,ﬂ'?@mms@ﬂﬂﬁmmﬁmwm’mé"u 420 W lwluay
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(mg QE/ g extract) LARZ@I8L19NINITNARNDY 3 o
(Gracelin et al., 2013)
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DPPH Radical scavenging activity
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é\"samoﬁﬁmwmiuimms] nuAadle 96 well plate
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reader 1% Trolox Lus1su1a3gin udaz@iag9vinns
NAny 3 Sga’l AUWIWNAT % Radical scavenging IN{AI

% Radical scavenging = [(Ac — As)/Ac] x100

Ac @8 @hmi@ﬂnﬁuumﬁﬁ'@vlﬁmaqmiazm:J
DPPH
As fo @hms@@ﬂﬁuumﬁﬁ'@"ﬁmaamsé’hamd
NEUNU DPPH
virenfldanenwI aenen 50% Inhibitory concen-
tration (IC_) MNNTNTZRINANUTUTUVDIRNTRNA LA
% Radical scavenging laolt Trolox Hussazais
mmgwmﬁmﬂ%ﬂmﬁw (Alves et al., 2008; Butsat &
Siriamornpun, 2010)
3.5 nsnadaugnasussionlmallnlsduma
NMINARALAI23T Dopachrome method
WounussanasgIwduan ds nialadn (Kojic acid)
LATBNENIENANNIL ADN LAZLNAATBINZNATALAZUINN
EaNBAIY 95 % LaTNuan Wazla3pNfinuENdn 5, 2.5,
1.25, 0.625 wax 0.3125 mg/mL sivansazanedilelunasey
ansmsiufinmsvisuesewlodinlsdua ey
fIBZABNIAIPIUNTALATNANUTHTH 0.05 mg/mL lag
Yuassananiossnasguunysanas 50 pL adlu 96-
well plate L@W Phosphate buffer pH 6.5 T4 0.1 M
Y5103 100 pL Lentenlasilinlsdua anududu 100
unit/mL UY3u1@3 50 puL W&W L§N L-DOPA (L-3,
4-dihydroxyphenylalanine) LNTH 2.5 mM 30163 50 uL
ﬁuvliﬁqmﬁgﬁ 37 °C ww 30 wifl sl Tadmsganiu
LLﬁ\‘J‘ﬁ‘ 490 nm @Twm’%‘ad UV-Vis microplate reader L§iag
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AH1ININIINARY 3 T ﬁwmmi@@nﬁuumﬁ"lﬁﬁw
WD %lInhibition AIFNNNT

%Inhibition=[(A4gocontroI—A4%sampIe)/AAQOControI]x‘I 00

Wisuieuiunsaladn (Kojic acid) G91luans
W@ nsuswmmnamaiofaawlodinlsduald
50 % (IC,) wiaansszninse3osarmydudaiaslasy
InlsBuma wazanududuvadansana (Masuda et al.,
2005)

3.6 nﬂSﬂﬂaaqu§§u§aL§aq§uﬂ%ﬁ
I@]aﬁwmimaaum@i"]mmm‘fuﬁuﬁwq@
maomiﬁmminﬁug’d@ﬁuﬁﬂ (Minimum Inhibitory
Concentration; MIC) Tae3% Microdilution ¥iNN1INARaL
L%agauﬂ%ﬁﬁahﬂ 4 v laun wuafiiSounsuuan laun
Staphylococcus aureus ATCC 25923 ae Bacillus subtilis
ATCC 6633 uuafilsaunsuay laun Escherichia coli
ATCC 25922 ez Pseudomonas aeruginosa ATCC 27853
ymswziaeateuuaiiGanelsans 4 oiia lagideeas
IuaW%wngﬂaL%a Muller Hinton broth ﬂwﬁqmﬁgﬁ 37 °C
Wwaan 18 2l wazdSuanududuseagalile
dszanm 1x10° cfu/mL LﬁﬂIﬂ“"L@Tﬂawwﬂjumammﬁﬁmﬁﬂu
\¥" McFarland standards 0.5 §833a3 ¥nAnsnszaneLie
WUANITHURAININEIMT Muller Hinton agar L91zWW
PNALFUHUEUENA1 5 Faflwas LananIaiadngg i
ANNLTNTY 22.5, 11.25, 5.625, 2.81, 1.40, 0.703, 0.35
WAz 0.175 mg/mL auaz 30 pL ﬁwvlﬂtguu%m_iwﬁqmﬁgﬁ
37 °C Juaan 18-24 $alu wasviansTaLdunm
audna1svasuiamla (Zone of inhibition) luniian
faduas lWIsuinouny 10% Dimethyl sulfoxide (DMSO)
Lﬂ%ﬁlﬂ’sﬂﬂm%ﬁﬂUﬁVL&iLLa@df]YI"EEgUSGLLllﬂﬁL%El URZENT
ﬂgj%mzmmgmﬁlfmaau #8 Ampicillin (Antibiotic) 1111
MIAILOULTILIN LN An N 10 pg/mL ¥inm3
Baansnieas 2 ez ldanududuaes Ampicillin YNy
10, 5, 2.5, 1.25, 0.625, 0.3125, 0.156 8z 0.0781 pg/mL
LdazdangvinnMInesas 3 o (Eiamthaworn et al.,
2022; Balouiri et al., 2016; Bagul & Sivakumar, 2016)
3.7 msﬁnmm’nmﬁuﬁ‘uﬁm‘;’ﬂqm‘lumi
ﬁu&a L%El HUANIe (Minimum inhibition concentration;
mic) lae35 Tube dilution method
UENIENALGRZ DL LA AN T

=

AeTou i unausaslueInisias i@ Muller Hinton broth
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antimicrobial and anti-inflammatory activity

LaNL%aLLUﬂﬁﬁﬂ laun Staphylococcus aureus ATCC
25923 Bacillus subtilis ATCC 6633 Escherichia coli ATCC
25922 L8y Pseudomonas aeruginosa ATCC 27863 ‘7]
ANMNLTNTWIDEAE 1 (V/V) ﬁuﬁqm%gﬁ 37 °C \TJwan 24
Flug sanasameunslumsiui lagldidandadasn
waeaasRrwmsuge ludaBauuninsssuuianh
aflmsl,lfﬁmafzﬂmﬁqmmﬁ 37 °C e 24 $lug vian
ATIFOUMITITY Lasen MIC ﬁammwmﬁwﬁmﬁﬁgmaq
msaﬁ'@ﬁvlaiﬂﬁngmnﬁtyﬂuau%auumumms weae
Fra8n9rnImasas 3 o (Eiamthaworn et al., 2022;
Balouiri et al., 2016; Bagul & Sivakumar, 2016)

3.8 NSANEIAIANIDATRAEINNTAN
l,%mmﬂﬁl,%sllﬁ (Minimal bactericidal concentration:
MBC) @835 Plate dilution

WENIENALARZ DAL AT T
Atadonly 1vhnsideaneadlua1ms Mueller Hinton broth
LWW:L%@LLUﬂﬁL%ﬂI@ﬂﬂuL%aﬁqmwgﬁ 37 °C \fluamn 24 Tl
Lm:ﬁ'}mm’mmsﬁ']mm‘%amaaug}msnszﬁnﬂL%auuﬁu
81913 Mueller Hinton agar W1381@35 100 L Uuigad
9N 37 °C Lluaan 24 alug m’maaunmﬁtgmau%a
aasagougnsnasmeuuaisy s1ue1 MBC lape
MBC ﬁdmvlﬁﬁammmL“ﬁwﬂ’mf’]qmaamsaﬁ'@ﬁﬁﬂﬂw
ﬂﬁﬂgmnﬁrgmam%asl,umummiﬁmaau UGRZEIDLNY
MNNNTNARDY 3 ‘E’] (Eiamthaworn et al., 2022; Balouiri et
al., 2016; Bagul & Sivakumar, 2016)

3.9 msn@ﬂauqn%’mm‘sé’mﬂu (Anti-

inflammatory activity) A83B 5& ﬂ’]im%d Nitric oxide

\Roaias RAW 264.7 1u 96-well
microplates (L%ﬂﬁﬁﬂ?’l&lﬁ&lfﬁ 1x10° cells/well) @28
91915 RPMI-1640 Aitlsznaues 10% fetal bovine serum
(FBS), penicillin-streptomycin (100 /mL) L8 streptomycin
(100 pg/mL) wangqusﬁaﬂuﬁ@nWi’uau"l,@aaﬂvl,sn@? (co,
incubator) ﬁqmﬁgﬁ 37 °C luusssnmedfidansuenle
sanlad 5% Wuna 1 $alug 1&5@%']7’11%%@@]&’]5&?;&’]8
LANBBNWLAZYINNNILAN Lipopolysaccharide (LPS) 5 ng/mL
ﬁag’h RPMI-1640 #auaz 100 pL MNwANETazae
FragnsRanudud 1, 10, 50 uaz 100 pg/mL ag1dae
100 pL ﬁﬂﬂﬂuﬁqmmnﬁ 37 °C 1ilwiaan 48 $alug i
an 48 alug 9@ supernatant waiazwanan 100 pL lalu
96-well plates L&} Griess reagent nauaz 100 uL N3
ﬁ'@ﬁ’lgﬂﬂﬁmmdﬁ 570 nm ¢eLaas UV-Vis microplate
reader LARLaENIYNMNINARE 3 T1 NI mTanas
m3fufan1snas NO il
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% Inhibition = [(A-B) / (A-C)] x 100

I@m‘ﬁl A-C: nitrite concentration; A : LPS (+),
sample (-), B : LPS (+), sample (+), C : LPS (-), sample
)

FINNTINTZAT % Inhibition LazaNNLTY
Fuvasdaagnafianinnuidutuuasdaagisiannso
EJ’USG NO ﬁ 50% (ICso) (Tewtrakul & Subhadhirasakul,
2008)

3.10 mInagauaNNTuiBvaIBAaAE
A5 MTT assay

Tagvaasnuuiussaiafnnudy
“ﬁu@me] 48 ‘%"JI&I\‘] LEuEIRZAY 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT) #guas 10
L ﬁuﬁqm‘mgﬁ 37 °C 1lwnan 2 $2lws Q@ Supernatant
aanyNWaw Ldw Isopropanol 11 0.04 M n3alalasaaain
130107 100 pL Lugin ’"s'mfnmsﬁ'whgmﬂﬁmmﬁ 570 nm
ﬁ'smﬂéad UV-Vis microplate reader lasudaznInased
¥Msnasestn 3 a5s eItk % survival MUENNS

The Percentage of survival =

(Abs.Sample/ Abs.Control) x 100

lagansananazin bUamuwisnnen IC_ a9 &
@1 % Survival 47NN791 70 (Tewtrakul & Subhadhirasakul,
2008)
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4. MyhaNzdayanIana

NINA[IININWLLLL Completely Randomized
Design (CRD) Usznauee 3 ni3aLuued taun sn3anaann
lu ean uazlwAavadnennIn lasudasnIaluaYIIANT
NaRastn 3 059 wareunaluaady £ saudsaun
¥1AI31% (mean + SD) ﬁagaﬁiﬁmnmsmaaaﬁwm
JazranuulsdsIual83% One-way Analysis of
Variance (ANOVA) uazid38ulfiguanulandisuadan
Laﬁys:m']m‘%@nmuﬁ@%ﬂ%ﬁ Duncan’s Multiple Range

o a

Test (DMRT) f132QURHHRAYNINRNG p < 0.05

Nami‘nﬂaamasaﬁﬂiwwa
1. HANIENANZNNIN

PIMNANINAFDI WU NMIFNAFIUAN € VD
nennIn loun #uly een wazwda deiTdanilodia
laglfdvnazastamuaattutu 70%viv WenSeuazaas
wmiinansaia (%yield)‘?iLL@Iﬂ@i’]dﬁ%I%LL@ia:ﬁi’anlﬂdﬁ“ﬁ
I@Uﬁauiuaﬁnn:ﬂﬂsﬂlﬁ@iw%aUazmadﬁmﬁﬂmsaﬁmga
ﬁq@ (30%) 309890178 LUAA (21%) Uazaan (14%) au
sy snwassmsaianeufilaiuvesnainilad
yenaLdu Wad Table 1

Table 1 Physical characteristics of Passiflora foetida Linn. extracts.

sample (% yield) Characteristics of Extracts
Leaves extracts 30 Dark brown viscous liquid
flowers extracts 14 Dark brown viscous liquid
seeds extracts 21 Dark brown viscous liquid

A13RUAZ VIR IRBNEITRAARLIVINN b
v & 1 a = dl
nennIn waadlAnIlunennsndUsuI e INazans
emuaagansdndug onaduwnzluluiinszauzas
813AuNi (Secondary metabolites) 1% &1313znay
A a 6 a @ dl dl
Auadn Warluaud wazanItsznauiBatondn 9 NFIN1ID
v 0/ o 1 v 1a
azanglaaludvnazanuianines §INA LA LTUSNILRNT
. C oA e a e 4 w4 v
siaganiulailIsuinoudududusesNs Siraaniod
AUUIT889 Dhawan et al. (2004) Awuin luvasieslu

8na Passiflora ﬁmmmummﬁ mgﬁluﬂ%mmga U6

‘s”ama:maamfmﬁfnmmﬁ'@%mummuﬁ@ﬂ:ﬂmﬂgmd'}
aannennIn 1atinnluiNaadnmIszana1slssian
induuazladuiazansldunssuluenues udsans
Usenoufluadn unuiin sz ol Sxaandasiuns
#nw1289 Ingale and Hivrale (2010) fitauinuiafia
TnfimsszauansUszneuiduunsandsnu Tuiiansh
778l 0N WA NTNINLIAR DNLAZNTLTNNNA8VB
ABun3d wazmsfiaannsnnsnilen % yield ei"ﬂ"?iq@ (14 %)
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N ﬂgﬁluﬂ’%mmﬁﬁam’hmﬂu \fiasnaaniine
ﬁ%é’ﬂlumsﬁuﬁuﬁfmﬂﬂ'jwmiﬂaaﬁuéf’uaomﬂamw
LaaauNuKan (Jiang et al., 2016)
wananilssanta naesnsaiadiois
saanlodalunsanwiiifianusoaadasiunuiioas
Chemat et al. (2017) A mastadesaanloia
°zj";yLﬁumsLLwimaamsa:mm"ﬁwgwmﬁﬁmmz“ﬁwlﬁms
afafUssansnwannin laglawizsniuasdsznay
Auadn Waliueud WAzLEAAIABLd LazINWITuvad
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antimicrobial and anti-inflammatory activity

Annegowda et al. (2012) ﬁwuiwmsaﬁmﬁmgﬂwsﬁw
Faan lofialdnatesniuas ldUSinmaseangnsms
FamwannniaEnsatauUUaLaa
2. HANNIATIVFOLAIINNMAILTBIGN

Wornasatangusudn 9 VAINZNNIN
laun #uly aen wazwdaunyinmsaasaURIING N
wilidasdu lasardudfRsemaindnianznau wui
fIEnNaneuaEnly aan Lasluda anany narlauese
an3u alfiu unufin uaz ineitiuasd nads Table 2

Table 2 Preliminary phytochemical screening of Passiflora foetida Linn. extracts.

g 2
n (2] - (7]
S 5 c 2 » c ° »
° c = = < c o o
sample = 5 < c z ] c °
o - [
S o E % c © ]
2 © 3 © Qo Qo 2
o £ S » = <} & n
= t © = -
< o
Leaves extracts + - + + + _ + _
flowers extracts + - + + + - + _
seeds extracts + - + + + - + _
Note: - = no detected ; + = detected

NANITILATITRASIRFOANSDINLIIUITLV DI
Dhawan et al. (2004) ﬁvlﬁiﬁsaﬁudwﬁ“naqa Passiflora
a & = & o A a Py ~ A
fnahuesdiduasdisznaunan Gefigniniedinwi
fql a U >

AANAANEY I@]mawwzqmmuawaam:uazmumsamam
fshumﬁmnwugm’%ulumsaﬁ'@nﬂmuﬁuaa@ﬂﬁaoﬁu
MIAN®1V8I Madikizela et al. (2012) fiszyinadszney
#fanuaansalunsdudsawlad DNA gyrase va9

a A tﬂl a a a U g a a G‘Iil
wuafitss JeFursdss@nTnwnsduiiaadunidn
Unglussaia smiuslufivfiananuiusaaadas
UUITBv8d Farha et al. (2020) Noawina U fulu
= o ﬁ' v 6 ,&’ a A
wmaqﬂmmmmmmﬂmmqmsﬁaamaumal,mﬂmm
waefiuiaan ol cyclooxygenase-2 (COX-2) HatNeIT a3
AUMTONLAL m'iwuLtﬂuﬁqunﬂdaumaaﬂ:ﬂﬂiﬂaa@ﬂﬁaa
uUwIdBad Agunu et al. (2005) AT IARUINRTNTUNY

> qu/ U Qs >

HugaindnnsdnuaadnuaziumIsaniay lasau1InTuy
a = 6 :&' a a 6 o v a
ﬂuIﬂmuLLa:Lau‘leﬁmaamafgaumﬂ MR RUFA WL
fugamaasaidula suisdunuewlodffioadasiy
NIZUIRNNTONLRY BAZNBIIUBLANATIINUTIFOANE DI
ALUITBVRY Trombetta et al. (2005) AwunaInguik
a n”‘v a =S v a 6
qumwmqamwTﬂsmmmnsﬁmmvlﬂluwmLsnaa**uaq

aa o ) oA o ¢
LL‘LIﬂ'ﬂLEEJLLazYHELMLUa‘IQNL‘HaaLaf;l?m’]w

3. mamImnUSanaiuaannovan uazilSanos
Warlnasdnivan
nmshasatansuf ldannmsanasim
6199 vaInznnIn leun @uly aen wazlAaNNinNg
wsinamiuednnivue lagld3% Folin-ciocalteu waz
Usunaanluesdrisnuadands Aluminium chloride
colorimetric WU RIIRNARLIUEIUEN ) VOINLNNINA
ﬂ%mmﬂuaﬁﬂﬁ%ﬂmagiuma 13.11-47.06 mg GAE /g
extract lagasananeulunznnsndUSuimiluadn
ﬂ%m@ﬁaﬁqmmﬁ'ﬂ 47.06 mg GAE /g extract Y8484
fla MIRNARLLLNAA WA ABNNLNATA LWNND 33.36 UAT
13.11 mg GAE /g extract MMNfAL NaAIATINT 3 Uas
ﬁﬂ?mmvxlmimaﬂﬁﬂg\mmayﬂumu 18.25-50.87 mg
QE/g extract lagansananenulunznnindusunanaila
uaﬂﬁﬁg\mmgaﬁq@m’]ﬁu 50.87 mg QE/g extract 38384
AD FIFNARLILLNAA LAZ ABNNZNATA WAL 31.12
U8z 18.25 mg QE/g extract Naad Table 2
Wal3sufsunanyisuassiinuauise
Aaunin WU drannuadeadsussanILandailay
NNMIANBIVDS Revathy and Sunilkumar (2019) Wi
MIERAMNUERINNNANENNINTUSI A RaANTIMAR
WiNNU 24.1 mg GAE/g extract fﬁdgmdwamﬁﬁ'ﬂﬂ%ﬁ
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Awulusuly (47.06 mg GAE/g extract) daudninnn
AMVLANGE1IHE1NAINTAITUNIRATNLIAA DN b NT
W1zlan 2938 lWNITLALLAEY KIDANLANGNIVD
SIUVDINTNINVIANE LHBINEINRKNADNITNTRLRURNT
UsznauRuadnlulSunaiuandrsannainly
=1 = 2 = a
NANIIANBIALAR ladaIU e nauNwadn
6 '
waza1sUsznaunailinasdazwunnluginvasly
A a Ay A A
asanluazdnmaszananstsznaulwainaasn 1wan
aaﬂ%’l,umiﬂaaﬁ'ul,l,mﬁﬂé“@agga'ﬁm:ﬁtﬁ@mmnmm
WULFINNT LAIL (Chua, 2016) LWAZINNNTANBIVE
Revathy and Sunilkumar (2019) WU41 ®13RNALNNIUEE
ANUANZNNINAUTH s Wa I ua e nInuaLyinny 9.066
A 1 1 { a g v U
mg RE/ g extract Tagenidnfinuluanwidoil wiazldans
H . o o = A o
VINIFIUNRANEIINY (RE NU QE) Fdaradudnnivaifads
AV IANENITILATIZRAANULANAIIN Y HBNANTNIT
AR TN AT VBIRIENATILAZLUNIBERING Y
nNZNNIN LLammﬂ%mmmiﬂi:ﬂauﬂuaﬁﬂﬁ"{mmagJisl,u
P9 22.28-36.91 mg GAE/ g extract wazlIunneens
Usznauwa lnasdnInue a;ﬂi‘me 3.22-50.11 mg RE /g
. . & 1 § U 1 a v Oq// kg
(Chiavaroli et al., 2020) ﬁmmﬁvlﬂfgamwamﬁa blungadh
ANNLANANIRENNAINNATANIRNG TRAVBIATINAZANE
A o A v A o
nlglunisana szozimuazgunnlslunisana Gesau
uaspdagNamadalsumsnsdraynana le
NANNIANENVBY Tandoro et al. (2020) WU
RIRNARILAINLULRZABNTBINTNAINNTINIINAAIE
AU A BaRINNIRUA LYINNY 22.92+0.18 mg GAE/g
o o A
extract LAY 6.53+1.02 mg GAE/g extract #Ua1QL TIF
AwansIveassnnnuluaiuly (47.06 mg GAE/g
extract) laz@an (13.11 mg GAE/g extract) atndlsfanu
L ANAT U FAFIBAINNLANAIITERINIUTUIET LN
1 =1 v a = = =
luwazaan azwuinduwd liulUlufan1a@oany de
TulvazdSinuasddngeinitlusenuazassiansy
A 1A A
nluuazaanvasnznnindusununailinasdninaa
W¥iNND 7.0120.10 mg CE/g 8NIRNALAY WAE 1.56+0.27 mg
CE/g extract @N&AU LIANLUNUNANITIVLATIHA
wulusuly (50.87 mg QE/g extract) Laz@an (18.25 mg
QE/g extract) aztiuindannlnaidssnu lasanzlugiu
PaIAAN N9% AMVLANAIILANIBLBINANNNAITITENT
VAIFTIUNUANAIINY
anunanasasiinma s auAnlwnne
A986199 4n uannazlanganiTmatianed darh

RZANY LATEINVAINTNMTWAL £991396A01NT28N9

J Sci Technol MSU

amwumé’aﬂumﬂww:ﬂﬁﬂ ViU 89AUIzNaUVaIa
snWniloe ANugITeINunlan F9na Ay
W87 (Wrazazananslsznaunuanadsnuluudassianis
wigdvla) 01gasRT wazamwmafvinsIanau
4 o L= A U ) = o = dl 1 1 =
fauiunane ayauidudatufagnsinadalsnnmans
o = =l ] =3 v = ] a a
e luiy adhelsAann wizdenuuandalwdasTunm
' v dl 1 U = a = a
wan ItunwunanluddSunamensdsznauiuefnuas
Wanlmesdgenianaung dinadullufianmadoanu
% A e 4 & £ Q v a
ALWILAK S TIRAAARDINUTARILNAVEY Chua (2016)
A A A P’ A
A ludmsszauznsdsznauInaiuealudSunmunniie
TaINUANNLAILAANTLATUNLNAI NN TFUNFNL LR
s
4. wamInadaugndawanyadaszlagis
DPPH Radical scavenging activity
s v a L
msﬂ@aaquﬁmua%gaamﬂ@ﬂlmmwa
DPPH. seAtmaatdnlnsiund iunitsludsnlesuany
flwuaniige ’Lumsmmmmmmlumsﬁma%aﬁm:
dl ﬂl = = o =\ U
28901917 LA38IAY LazanTENaNANTAN lasaziRanld
. “ o 4 .
AMINANAUUFINANNLNIARUN 515 W luuas 313610
auyadazflfidussanaigiu @a Trolox (Miller et al.,
1995) NMIINFIULL AN LAZINAA WYIINTNAFEU
€9/ a 1 = ng/
ONDEUALIADEIZ WU ananenulunznnIniignidn
a%aﬁngaﬂqﬂmﬁm IC_ iU 612.25 pg/L 38984
IAa FITINARLILLNEA LAz AannznnIn laslan IC_
Wiy 642.33 Wa 671.68 pg/mL aNal6y lasd
Y3z ANTNIWANIIENINIAIZIN Trolox NFAN IC_ WinAL
701.09 pg/mL WANINAaaIhROAAABINLINBITLTDY
Ajane and Patil (2019) Ainuiansanauwianlunznnin
3 v a 0 ] Q
fgnsmaduayyadan: Tagfien IC_ w¥Ifiu 614.405 pg/L
LANAININNNIIANBVES de Melo Filho et al. (2018) 7
wudwmiaﬁ'@L‘aﬂLfﬁ%’ﬂﬁﬂlﬂﬂz%ﬂiﬂﬁ%ﬂﬂazmiﬁma%a
BRINLI 17.97% Lazan IC,, 28321319 10-20 mg/L 9w
a o 6 a 1 [
A8 FINA WRAMAL UazAKE (2556) SawLinaIana
& & % A A v % o £ o
Fularuaa Tuinfigangiived uazindudaalgnsam
a%ﬁm:g{lq@ﬁmﬂﬁaﬂa: 74.37,48.08 U8z 47.21 andl
o Q > g; X A€ U a g >
AAU HAGY Table3 NtigninsduanyadaIzIuagiy
Tadonansdszns 09 BRaVaIENI’NA IVNaTa 8N b
AN NTULaIEIaNe wazdIunmansdsznauWuadn
uazWanhuasdaui Alara et al. (2019) lénanuli las
USuasnsdsznauiuadndanuduiuslosaseiuainy
U a L3 ada dl
mmsnhmsmuawaam:mmn‘ DPPH enufl L@
. . v ¥
LWENANY Laslafy Basisesds (2557) lafnmn a9tk gnd

mum&gaamzanwmu audTunmuduafnninue uas



Vol 45. No 2, March - April 2026

Usnaman hussdrsnuaifintu (@350 lades uas
2IYTaU WIAFITIOINA, 2566)
5. wansnaseugnasussewlmailnlsdua
manaseunnsiuisawlod InlsEiusves
ssafaneufildannmssiasiuans g vaanznnsn leun
guly aan uaztwiafistadiodivinazans Lan1ues
1835 Dopachrome method lagldmsunasgiuidauan
fa nialadn wamnasay wuin ananenulunznnInd
ansiudoonlnd VLﬂIiS%Luagaﬁq@I@yﬁ@iﬁ IC,, wihfiy
202.39 pg/mL 789890188 ®ITFNARLILINEA WAZ @an
nennan lasfdn IC_ Wity iy 249.80 uaz 301.38
pg/mL aURIAU HaSIAN5197 2 uazanansaiudstewlms
Inlsdualdaniannaunsalain fifid IC,, Wiy
312.94 ug/mL HAMINARDITIRLAWIN fTEAALENLOS
nly aen waswiavesnznnsnignssuaenlmiinls
TLUR

Effect of Passiflora foetida Linn. extract on antioxidant, tyrosinase inhibition,

antimicrobial and anti-inflammatory activity

andlumsiufsewlolinlsusuosmsaia
MNFIUA G aaﬂzvminmaa:mmnmjmaﬂamaﬂ%@a
198130 3znaviuadinluansanaiianus: lalasiaudy
nynaziluluduniis active site vadtawlodinlsdiuale
mlfenumunsavasenlodanss wazgnsluwnsduds
tonlmdnTsBius onaidlunaananasyszneufiueafiny
Tuimadafs asusznauAueanarusiia 1o kojic acid,
kaempferol LLaz quercetin (Kim & Uyama, 2005; Solano
etal., 2006) WoNINHE WU nw%ﬁmawaﬁﬁmﬁmw
Aerdasiugnidudaenlsd nlsdua laonalnfishdny
fa snsduaywadas: lasawzansusznaufiuedn aan
Suiunasuafidusudsznovadaluusinousezas
ol InTsBime wazamansadudsmsvinauaesionlod
Tnlsguale uaﬂmnﬁmsﬁmawaﬁmzﬂ'@mmsna@
szaumaineandiatulunszuiwnmsananainldons
(Chang, 2009; Masuda et al., 2005) %aamﬂumqmaﬁ
ldansaiaanlunsnningsdusnmmsdsznaniluedn
§984 $efiszansnmlumstuisawlsdinlssualds
ﬁ'q@ﬁ’m

Table 3 Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity (DPPH radical scavenging)

of Passiflora foetida Linn. extracts.

Total phenolic content

Total Flavonoid Content

Antioxidant Activity Tyrosinase Inhibition

Sample (mg GAE/g extract) (mg QE/g extract) ICm(pg/mL) Activity ICSD(ngmL)
Leaves extracts 47.06 £ 0.01" 50.87 + 0.88" 612.25 + 0.00" 202.39 £ 0.02"
flowers extracts 13.11 £ 0.01® 18.25 + 0.02° 671.68 + 0.01° 301.38 + 0.06°
seeds extracts 33.36 £ 0.01° 31.12 £ 0.03° 642.33 £ 0.02° 249.80 + 0.06°
trolox - - 701.09 + 0.02 -
kojic acid - - - 312.94 + 0.01°

Note: Values are expressed as mean = SD (n = 3). Different uppercase letters (A-D) within the same column denote significant differences

among samples at p < 0.05 Trolox and kojic acid were used as positive controls for antioxidant and tyrosinase inhibition assays, respectively.

97N Table 3 WU MIFNARLLINIY Aan
uaztuaavadnznnIndUIu1m Phenolic, Flavonoid,
Antioxidant Activity, Tyrosinase Inhibition Activity LLag
Anti-inflammatory Activity u@neNINwat9lnasIAYN
&0@ (p < 0.05)
&£ o & ¥ a s ¢
6. Namsm\aanqnﬁﬂumtﬁaqauﬂsﬂ
S € A a A6 a A
NANINARDUONTLULILTIIAUNIY HUANISY
wnINLIN el Staphylococcus aureus ATCC 25923 Uag
Bacillus subtilis ATCC 6633 wuafiisuunsuay laund
Escherichia Coli ATCC 25922 uar Pseudomonas

aeruginosa ATCC 27853 UaI&1I8NAREIUEINGA ¢ VD9
nNZNNIN WU ﬁ’ﬁﬁﬁ@]%&l’miﬂﬂz‘nﬂ‘iﬂﬁfméguél:\‘lL“%a
Qauﬂ"’iﬁﬁa 4 xiia lagazsansniufade Staphylococcus
aureus ATCC 25923 vlﬁﬁﬁqﬂ 509893nAaLTe Bacillus
subtilis ATCC 6633, Escherichia coli ATCC 25922 uae
Pseudomonas aeruginosa ATCC 27853 Lac&INITD gy Elv'd
le@niasanane1uanneen wazluaavaINEnNIN AYl
10 Hady Table 4 ilalfisuiuamanasg e jiue

ampicillin
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L;"J"aﬁ"]ms‘mmmLﬁuiuﬁmi"’]q@iumsﬁu iR
Wauuafi3y (MIC) uazanutduduiianunsnaiiie
wuafisele (MBC) wuin 61 MIC vasansananenude
FauuaRiZunovae ugaIes Table 5 agiﬁ 1-2.5 mg/mL
wazanssianeulunzmnsndnsiudadewuaiidele
ﬁﬁq@ lasdien MIC madmsaﬁmagﬁ 1.40 mg/mL uaztiio
yhmInagauwd1 MBC fissniniudimaadyuesde
Staphylococcus aureus ATCC 25923, Bacillus subtilis
ATCC 6633, Escherichia coli ATCC 25922 8
Pseudomonas aeruginosa ATCC 27853 WUI1 &1I&NA
wenuly aen wazluaaNnENnsNRAMIE LT 22.5 mg/
mL 813N InEL 5\1 L‘% 8 Staphylococcus aureus ATCC 25923
Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922
I8 Pseudomonas aeruginosa ATCC 27853 o meaﬁ'
ldanmInasssfinnusaansasiunuideues Akila &
Haroon (2022) Apwin ssafaanlunznnsndae
Lamuaaﬁq“n%{ﬁmv% 8 Staphylococcus aureus, Escherichia
coli 8¢ Pseudomonas aeruginosa ﬁm’mv’ﬁ“ W% 100-200
pg/mL LRZRIAANDINLNIWITLVDS Mohanasundari et al.
(2007) finui ssaienluuazHanENNINdBLE LA
wazozdlanarunsndy ﬂv'dl,%al,%aqﬁuw%ﬁ loun
Pseudomonas putida, Vibrio cholera, Shigella flexneri W8
Staphylococcus pyogenes l@@ninasaiaanuanznnIn
laulE35 well-in Agar ReanaadnUIdaaad Baby et al.
(2010) WU RITRNAINIINHILAINENNIN N L uaail
qw%ﬁu Sﬁqﬁ%ﬂ%ﬁ laud Staphylococcus epidermidis,
Bacillus subtilis, Klebsiella pneumoniae, Pseudomonas
aeruginosa \W8e Escherichia coli Lfial,‘.lﬁtlmﬁ HUNUEN

UPTIULNIATZIN UAREAAFBINLIIWIILLEY de Melo

J Sci Technol MSU

Filho et al. (2018) W1 ssaialunsnnsniiaiasiaian
iusnansadudlaouuefidaunsuun ussunsuau lag
sunsadiuiadounafiiiuunsuuan Staphylococcus
aureus "L@Tgaﬁq@ Tapfiennsiuds 88.25% fiannududu
250 pg/mL SR B. cereus uaaIM3TLiT 77.93%
Aanududu 250 pg/mL fFRTUNFULLANITIULNTNAL
Salmonella typhimurium LLﬁmﬂ’lig‘.ng\‘lﬁl 83.21% ﬁm’m
LUNTW 62.5 pug/mL wuafii3e Citrobacter Freudii W8@IN13
Tufish 82.74% Aaududu 62.5 pgimL laglden
U7Tue ampicillin %aﬂuﬁ’amuqumﬂ &34 miconazole
s‘ﬁuﬂué”;muqumnhmiﬁu&L%aiw WU RIWIDUEAS
m3tiuiiatie Camdida albicans i 93.7% e fissaria
nlunsnnsnanududmu 250 pg/mL sanTnduioge
Camdida albicans '|& 53.29% &9anuamInasasssaia
ﬁmumnlunzﬂnsnﬁqw'ﬁgﬁmqﬁuﬁﬁgﬁﬂ'jwmuﬁ'us] PYaINY
%amazﬁmwaJﬁuﬁufﬁuﬂ%mmmsﬁwﬁagﬂq’uﬂuaaﬂLLaz
WarlnasdAnululusnnnin (Mohanasundari et al.,
2007; Sasikala et al., 2011) LLaza’lﬁlLﬁadmi}’mﬂ’liﬁ
wuafiSsunsuuindanshdessanaunnniuuafise
unsuay Senatfinanlasamesniaiaaniuaneaiv
(Tegos et al., 2002; Nikaido, 2003; Cowan, 2011) &1%#TU
ﬂizﬁﬂ%mwﬁwumaLﬁU’;“ﬁaaﬁumiquwmﬁ%mmﬁ@
Awvludie wu Warlamasd unuin mneluasd uas
an [ fiu s’f%aﬁﬂavl,ﬂmiaaﬂqw?ﬁumsﬁwmmi‘iaﬁmﬂjaﬁ
pasuuaiiBe fudsmiaouilomags wiesumumsas
lus@uvaduuafitSy (Cushnie & Lamb, 2005; Scalbert,
1991; Dhawan et al., 2004; Trombetta et al., 2005; Sparg
et al., 2004)

Table 4 Antibacterial activities of crude extracts from different parts of Passiflora foetida Linn.

Inhibition zone, mm * SD

Bacterial Strains

Leaves extracts flowers extracts seeds extracts ampicillin
S. aureus ATCC 25923 8.60 + 0.07° 5.12 + 0.10° 6.80 + 0.07° 12.39 + 0.05"
B. subtilis ATCC 6633 6.55 + 0.30° 4.41+0.12° 5.36 + 0.07° 10.38 + 0.30*
E. Coli, ATCC 25922 5.43 + 0.29° 3.29 + 0.09° 4.11 + 0.09° 8.43 + 0.04"
P. aeruginosa ATCC 27853 4.75 + 0.09° 1.73 £ 0.05° 3.47 + 0.06° 5.91 + 0.07"

Note: Values are expressed as mean = SD (n = 3). Different uppercase letters (A-D) within the same row indicate significant differences

among treatments (p < 0.05). Ampicillin was used as a positive control.
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Table 5 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of crude extracts

from different parts of Passiflora foetida Linn.

Leaves Extracts

Flowers extracts Seeds extracts

Bacterial Strains

MIC (mg/ml) MBC (mg/ml)

MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)

Staphylococcus aureus ATCC 25923 1.40 225
Bacillus subtilis ATCC 6633 1.40 225
Escherichia coli, ATCC 25922 2.81 22.5
Pseudomonas aeruginosa ATCC 27853 5.625 225

225 225 225 225
22.5 22.5 22.5 22.5
22.5 22.5 22.5 22.5
22.5 22.5 22.5 22.5

7. NanﬁSﬂﬁaaqu§ﬁ1unﬁié’nLan (Anti-
inflammatory activity)
mimaamm%fﬁmmié'ﬂmuﬁaﬁ%ﬁuﬂuﬁmi
W& Nitric oxide 289188 RAW 264.7 tilunsnagauiils
lun sz fiuanuauNInVa IR TRI BRI IENALLNNTAN
mssnay lagmyTausunmnInas Nitric oxide Saidlu
gsfidununsdalunisasuanasdanisdniaulu
MY Nami‘maaqu%ﬁmmié'ﬂLawmmsaﬁ@lu
8N uwazuEanzNnsn WU ssaialunsnnsniignsnu
m’sé’manﬁﬁqﬂ Tasilen IC_ 1y 15.26 pg/mL 38984
e F1IFNANAaN uazly Nen IC_ iy 29.65 uaz
33.79 pg/mL @MU Lfiﬂ*‘ﬁﬁ'ﬁ&ﬂ@igﬁ% penicillin-
streptomycin LLaZ streptomycin Wisuisunumanesey
anasuiin1snas NO 9 niad RAW 264.7 Tagiien IC_
WL 34.56 WAz 35.92 ug/mL @URIAU Naay Table 6
msfien IC,, pasmsatangulunznnsniidranings
RNARLIVINNABNUAZLUAANLNATA UEAIIALARE
Uszanamwimdaninlumsiufonmas NO anumas
RAW 264.7 S9gannaaaiianuisouas Montanher et al.
(2007) Aiwu anIanaanluvasizluana Passifiora i
ansdumssnisudilaaein lapfudnsiia edema lu

WinnuiannIzduels carrageenan

AR lANITAIUAITENLELUYBIRITANAIIN
nennsnfinulumsenunil SanusenadasiLwisuves
Shanmugam et al. (2015) ﬁiﬂmm'j']miﬂQMmBuamT
wazmlfuluizana Passiflora aanIngy £ NF-KB
pathway S Junalnandylunisnszdumsssns inducible
nitric oxide synthase (iNOS) fidutoulodsanluns
7419 NO lunszuaunseniay wenanit Ginwala et al.
(2019) ﬂ"awu'hmiwrmmﬂﬁmwmju lauA Wanlmasd
Wasiuaus uLazunuiin LEAIqNTI UM IBSNLEUHIRNS
SUSINMILEAI08NT8I INOS ez COX-2 UAXNNTAANS
waa lolalastoniaulwoas LLuﬂIﬂ‘sWWﬁgnmzﬁu @9
FaRARINUNAM AT Ha TN nIadid asduiinuly
ssananenuannznnsnlumsenmit

8. nanmInagauaNtwNsVaLTA

NnRaMInagauaNUduAsvadTas RAW
264.7 §183% MTT wui msfissaiaannly aen was
wianznnsn LidanuduRsdeimad RAW 264.7 fianu
Lug 100 pg/mL lasdl %survival LA 70% uaadiinana
dasadulumslimsanaannznnin lasiianusenndad
UNUITEVY Sathish et al. (2011) fiwui ssafiateniues
nnznnsndenudasadvgilunminassuanuiuie
disuwaulunynasas TaglinuanufaUndfiszauana
Vi ugatia 2000 mgrkg

Table 6 Anti-inflammatory activities of crude extracts from different parts of Passiflora foetida Linn.

Sample

Anti-inflammatory Activity ICSD(ngmL)

Leaves extracts
flowers extracts
seeds extracts
penicillin-streptomycin

streptomycin

15.26 + 0.01*
29.65 + 0.02°
33.79 + 0.30°
34.56 + 34.56°

35.92 + 0.01°

Note: Values are expressed as mean + SD (n = 3). Different uppercase letters (A—E) within the same column indicate significant differences

among samples (p < 0.05). Penicillin—streptomycin and streptomycin were used as positive controls.
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Abstract

This study presents an analysis and comparison of the performance of eight machine learning models, namely
Decision Tree, Random Forest, Logistic Regression, K-Nearest Neighbors, AdaBoost, Hist Gradient Boosting, XGBoost,
and Light Gradient Boosting, in identifying at-risk undergraduate students in Thailand. This study focuses on analyzing
academic data from university students to understand the factors influencing academic success or failure, and

developing predictive models to help instructors and administrators identify learning trends and implement effective
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teaching strategies. The dataset consists of records from 2,104 undergraduate students in science and technology
from 2020 to 2024 in Thailand, with 36 data features. During data preparation, missing values were imputed using the
k-nearest neighbors (k=5) method, and class imbalance was corrected using the synthetic minority sampling technique
(SMOTE). Recursive feature elimination (RFE) was used to identify important features. The model performance was
evaluated using cross-validation using four main metrics: accuracy, precision, recall, and F1 score. The results indicate
that the Random Forest model performs the best. It achieved an accuracy of 84.32%, a precision of 0.85, a recall of
0.84, and an F1 score of 0.85. The findings suggest the significant potential of this model in the educational system,
particularly in providing targeted interventions for at-risk students to reduce dropout rates and increase academic
success. Future research should explore additional influencing factors and investigate other machine learning models

that may provide improved performance, as well as compare the results across diverse student populations to ensure

reliability and broader applicability.

Keywords: Analysis and prediction, machine learning

Introduction

In today’s era, where information technology and artificial
intelligence (Al) play pivotal roles in every aspect of
human life, education is no exception (Al Thailand, 2022).
The education system is rapidly adapting to technological
advancements, particularly at the undergraduate level,
where students are expected to develop specialized
knowledge and skills within their chosen fields (Rastrollo-
Guerrero et al., 2020). Beyond the focus on teaching and
learning, analyzing and predicting student performance
has gained considerable attention, as it can be applied
to improve teaching methods and provide preventative
support for students who may struggle academically
(Cahaya Hidayati et al., 2024; Hashem et al., 2024; Weist
etal., 2024). In the past, analyses of student performance
largely relied on traditional statistical methods, primarily
focused on retrospective data analysis. While informative,
these methods fall short of accurately forecasting future
trends or supporting proactive decision-making. Machine
learning (ML), a technology capable of learning from data
and predicting future outcomes (Baabdullah, 2024;
Ibrahim Adedeji Adeniran et al., 2024), presents new
opportunities for more efficient analysis and prediction of
student performance.

Machine learning can process complex and
diverse data, including academic records, learning
behaviors, participation in activities, and even personal
information, to generate precise predictions. Applying this

technology in educational systems enhances not only

performance forecasting but also improves teaching
methods, tailors learning recommendations to individual
students, and fully supports the development of each
student’s potential (Al-Sulami et al., 2023; Nayak et al.,
2023; Venkatesan et al., 2024). Additionally, performance
analysis and prediction help educators and administrators
gain insights into each cohort and major, as well as identify
factors influencing student outcomes, such as social,
economic, and university environmental factors (Hofmann
etal., 2024; Shoaib et al., 2024). These forecasts enable
strategic planning to improve educational effectiveness
and facilitate timely interventions for at-risk students.

In the research context, machine learning holds
the potential to drive significant change in the education
sector. This study, focused on “Analysis and Prediction
of Undergraduate Student Performance Using Machine
Learning,” (Altabrawee et al., 2019) emphasizes applying
ML techniques to analyze university student performance
data. It explores factors affecting academic success or
failure and develops prediction models to help instructors
and administrators recognize learning trends and optimize
teaching approaches (Alshamaila et al., 2024; Hussain &
Khan, 2023; Rabbi et al., 2024). Furthermore, predicting
student performance aids in designing personalized
learning pathways, as students with different academic
results may require unique learning strategies (Asselman
et al., 2023; lbrahim et al., 2023; Pamir et al., 2022;
Singh et al., 2020). With machine learning, systems can

customize learning experiences to meet each student’s
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needs and provide ongoing tracking and assessment of
their progress.

This research aims to present a model for
analyzing and predicting student performance that can
be practically applied within the context of university
education (Altabrawee et al., 2019; GaseviC et al., 2016;
Rastrollo-Guerrero et al., 2020; Shoaib et al., 2024). It is
expected to benefit students, educators, and academic
administrators by enhancing educational effectiveness
and contributing to long-term improvements in student

achievement and support strategies.

Materials and methods
1. Related work
Research in Educational Data Mining (EDM)
has garnered continuous interest and development over
the years, covering a wide range of fields such as Data
Mining, Machine Learning, Deep Learning, and Big Data
management. The primary objective of these research
approaches is to develop predictive models capable of
forecasting academic outcomes, predicting grades, ranking
institutions, and recommending suitable institutions for
students, using efficient data analysis tools and techniques.
Significant studies in this field provide deeper insights and
demonstrate practical methods that can be effectively
implemented in educational systems.

Research on predicting student academic
performance using Machine Learning (ML) is a key area
within Educational Data Mining (EDM). Evaluating student
performance is inherently complex, influenced by various
factors such as academic history and personal characteristics
(Hussain & Khan, 2023). This study employs a supervised
learning approach, utilizing a dataset provided by the
Board of Intermediate and Secondary Education (BISE)
of Khyber Pakhtunkhwa, which includes data from various
regions. The research focuses on using regression models
and Decision Tree (DT) classifiers to predict students’
scores and grades, with the data preprocessed for cleaning
and organization prior to model training. The results
demonstrate that ML technology is effective in accurately
predicting student performance, offering valuable insights
for enhancing educational quality and management

within academic institutions.

Analysis and prediction of undergraduate student dropouts using machine learning

Predicting student performance is a critical
topic within the context of learning environments, such
as schools and universities (Rastrollo-Guerrero et al.,
2020). This prediction can contribute to the development
of effective mechanisms for improving academic outcomes
and reducing dropout rates. Researchers benefit from
leveraging technologies capable of managing large datasets
derived from students’ routine activities, which are
collected through technology-enhanced software tools.
In-depth data analysis reveals insights into the relationships
between students and their academic tasks. This information
can be used to create algorithms that accurately predict
academic performance. In this study, the researchers
reviewed over 70 studies utilizing advanced techniques,
including machine learning, collaborative filtering, recom-
mendation systems, and neural networks all within the
field of artificial intelligence to enhance the effectiveness
of predicting student performance.

This study primarily aims to identify students who
need additional support to enhance their academic
performance by utilizing four machine learning techniques:
Artificial Neural Networks (ANN), Naive Bayes, Decision
Trees, and Logistic Regression (Altabrawee et al., 2019).
These models are applied to create a classifier for predicting
student performance in computer science courses at
Al-Muthanna University (MU). The research highlights the
impact of using the internet as a learning resource and
the time students spend on social networks on their
academic performance, based on data from surveys and
student gradebooks. Experimental results show that the
ANN model (Fully Connected Feed Forward Multilayer
ANN) performs best in predicting academic outcomes,
with an efficiency score of 0.807 and an accuracy of
77.04%. Additionally, the Decision Tree model identifies
five key factors that significantly influence students’
academic performance.

Performance Factors Analysis (PFA) is a key
approach in Knowledge Tracing (KT) and has been
utilized to create adaptive educational hypermedia
systems. PFA demonstrates high predictive accuracy
compared to other KT methods (Asselman et al., 2023).

However, most developments have focused on instructional
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aspects and have not incorporated machine learning
techniques that could effectively enhance prediction
accuracy. This study introduces a new approach in PFA
by integrating machine learning models, such as Random
Forest, AdaBoost, and XGBoost, to improve prediction
accuracy of student performance. Experimental evaluations
on three datasets showed that XGBoost outperformed
other models, significantly enhancing performance predictions
compared to traditional PFA algorithms. In conclusion,
the new PFA, developed with machine learning techniques,
effectively improves predictions of student academic
performance, especially through the use of the XGBoost
model, which demonstrates higher accuracy in analyzing
performance factors among students.

Predicting applicants likely to enroll is a crucial
aspect of college and university admissions management
(Singh et al., 2020). This research aims to assist educational
institutions in optimizing the admissions process and
reducing related costs by leveraging machine learning
technology to analyze key parameters, such as high
school grades, tutor selection, extracurricular activities,
and reasons for applying. In this study, comparative
analysis techniques were employed using various
algorithms, including logistic regression, neural networks,
and Light Gradient Boosting Machine (LightGBM), to
predict applicants with a high likelihood of enroliment.
Experimental results demonstrated that these algorithms
achieved an accuracy of up to 98.5%. Applying these
technologies not only enhances admission efficiency but
also enables institutions to focus on students with potential
and to keep pace with the ever-changing educational
market demands.

This study proposes an approach for detecting
electricity theft in smart grids by utilizing data from smart
meters and focusing on machine learning (ML) and deep
learning strategies. (Pamir et al., 2022) While these
technologies hold promise for enhancing detection
accuracy, existing frameworks face limitations in
performance and the handling of imbalanced data. To
address these issues, the article introduces a Multi-
Layered Boosted Classifier Stacking Model (MLBCSM),
which employs the Adaptive Synthetic Sampling (ADASYN)

J Sci Technol MSU

technique for data preprocessing, balancing, and classification.
Simulation results indicate that MLBCSM outperforms
other models in electricity theft detection by effectively
combining the strengths of techniques such as AdaBoost,
XGBoost, and CatBoost.

User authentication is crucial for securing digital
services and preventing unauthorized access (Ibrahim et
al., 2023). Many organizations have shifted from single-factor
authentication (SFA) to multi-factor authentication (MFA),
which uses two or more methods of identity verification
to enhance security. One innovative method is keystroke
dynamics, a behavioral biometric technique that analyzes
users’ typing patterns to confirm their identity. This
approach is cost-effective, as it requires no special
hardware and is easy to implement, demanding minimal
additional effort from users. This research introduces a
new approach using quantile transformation to achieve
uniform data distribution, thereby reducing the impact of
outliers and extreme values. The primary classification
method employed is Histogram Gradient Boosting, tested
using the Carnegie Mellon University (CMU) keystroke
dataset. Results indicate that the proposed method
achieves an impressive average accuracy of 97.96% and
an equal error rate (EER) of 0.014, outperforming previous
machine learning and deep learning techniques in terms

of performance.

2. Data and methodology

Predicting student academic performance at
a national level is a crucial task, especially on online
platforms. Our goal is to develop a predictive model that
considers demographic and academic characteristics of
undergraduate students across Thailand, as illustrated in
Figure 1. We hope that educational institutions in various
countries will be able to use these predictive insights to
implement appropriate interventions. Although a student’s
environment and past academic performance impact their
likelihood of dropping out, we applied machine learning
algorithms after collecting, preprocessing, selecting, and
transforming the data set. Consequently, the statistical
analysis conducted is supported by hypothesis testing on

performance indicators that we developed and validated.
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2.1 Data

The data used for processing is presented
in Table 1, which contains information on undergraduate
students studying science and technology in Thailand
from 2020 to 2024. This dataset includes 2,104 students
and consists of 36 columns with various types of
information. The original dataset contains numerous NaN
values, anomalies, and unscaled data, making it unsuitable
for model training with missing values, outliers, and
unscaled data (Pamir et al., 2022). Therefore, pre-
processing is necessary to handle missing data by using
the k-nearest neighbors’ method. The missing values will
be calculated based on the average of the nearest neighbors,
with k=5, using Python, where the selection in KNN was
determined based on empirical testing and reference to
previous studies indicating that a smaller value of fit of
KNN often provides better generalization. Smaller values
may lead to overfitting, while larger values may smooth
out important patterns in the data. Previous research
suggests that smaller values often effectively balance bias
and variance in classification tasks involving educational
datasets (Peterson, 2009). This calculation for missing
values is based on the mean or weighted average of the
nearest k neighbors, which can be summarized by the
following fundamental equation

A simple calculation formula of KNN for filling

in missing values (without weights).

KNN weighted average calculation formula.

_ ZjeN(i) wjXj

2 jen) @i

i

Where

point i.

Table 1 The data attributes
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. X; It the value to be filled.

x; It is the value from the neighbors.

wjlt is the weight value.

n(i) is the set of k nearest neighbors of the data

No. Attribute Description
1 GENDER_ID Gender (int)
2  PROVINCE_ID Province (int)
3 LEV_ID value CLASS (int)
4  CURRL_ID Program (int)
5 FAC_ID Course Code (int)
6 REF_PROGRAM_ID Program Code (float)
7 CURR_TYPE_ID Status current (int)
8 STUDY_TYPE_ID Program Type (int)
9 STUDY_TIME_ID Program Format (int)
10 CURR_INTER_ID value current (float)
11 REGULAR_YEAR Regular Year Level (int)
12 CURR_REG_ID Academic Status Code (int)
13 CLASS Grade Level (float)
14 GRAD_STATUS_ID Pre-Entry Level (float)
15 REF_STD_STATUS_ID Status Code (float)
16 ACC_GPA GPA (float)
17 DEFORM_ID Physical disability status (int)
18  SON_NUM Float Child
19 SON_STDNUM Float Siblings
20 FAT_STATUS_ID Father’s Life Status (float)
21 FAT_REVENUE_ID Father's Income (float)
22 FAT_OCCUP_ID Father’s Marital Status (float)
23 MOT_STATUS_ID Mother’s Life Status (float)
24 MOT_REVENUE_ID Mother’s Income (float)
25 MOT_OCCUP_ID Mother’s Marital Status (float)
26 PAR_STATUS_ID Parent’s Life Status (float)
27 PAR_REVENUE_ID Parent’s Income (float)
28 PAR_OCCUP_ID Parent’s Marital Status (float)
29 RELIGION_ID Religion (float)
30 Target Status (int)
31 BLOOD Blood Type (int)
32  HEIGHT Height (float)
33  WEIGH Weight (float)
34 RELIGION_NAME Religion (int)
35 ADMISSION Application Form (int)
36 CAMPUS Area Center (int)
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2.2 Data balancing bias toward the majority class during predictive modeling.

Initially, the dataset was analyzed to determine Following data balancing, Recursive Feature Elimination
the class distribution between dropout and non-dropout  (RFE) was conducted to identify and retain only the most
students. The original dataset included 2,104 students, relevant attributes for predicting student dropout. RFE
with 456 students (21.67%) classified as dropouts and iteratively selects impactful variables based on their
1,648 students (78.33%) classified as non-dropouts, predictive significance and correlation with the target
clearly indicating class imbalance. To address this imbalance, variable (Barzani et al., 2024). The variables with the
the Synthetic Minority Oversampling Technique (SMOTE) highest significance for predicting student dropout status
was employed (Rahayu et al., 2024). SMOTE generates identified through RFE were ACC_GPA, REGULAR_
synthetic data points for the minority class (dropouts) by ~ YEAR, RELIGION_ID, GENDER_ID, and FAT_REVE-
interpolating between existing dropout instances and their ~ NUE_ID, highlighting clear associations with demographic
nearest neighbors, effectively balancing the representation and academic characteristics affecting student dropout

between dropout and non-dropout cases and mitigating risk. Consequently, these selected attributes were utilized

Correlation Heatmap
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to construct and refine the Machine Learning models used
in this research.

The relationships between dataset attributes were
further explored through correlation analysis, visualized
in Figure 3 as a correlation matrix. This matrix presents
correlation coefficients between pairs of attributes, utilizing
color gradients to represent the strength and direction of
relationships. Darker red indicates strong positive correlations,
meaning variables increase together, while darker blue
indicates strong negative correlations, suggesting an
inverse relationship. Lighter shades of red and blue
represent weaker or statistically insignificant relationships.

The correlation matrix in Figure 3 includes 29
attributes from the original set of 36. Several attributes
were omitted from the correlation analysis due to
considerations such as excessive missing data, minimal
variability, or preliminary analyses indicating low relevance
to dropout prediction. These omissions aimed to enhance
clarity, interpretability, and overall effectiveness of the
correlation visualization. Future research should explicitly
document and justify attribute exclusions to maintain
transparency and reproducibility.

Analysis of the correlation matrix identified four
influential attributes closely associated with dropout status:
RELIGION_ID, RELIGION_NAME, REGULAR_YEAR,
and GENDER_ID. RELIGION_ID showed the highest
correlation, suggesting religiosity might influence student
retention. REGULAR_YEAR also demonstrated significant
correlation, highlighting the importance of enrollment year
in predicting dropout likelihood. Lastly, GENDER_ID
exhibited meaningful correlation, emphasizing potential
gender-based differences in student attrition. These
findings underline the significance of demographic and
enrollment factors in developing effective predictive

models for student dropout.

3. Algorithm
The selection of an appropriate model for
predicting student dropout depends on various factors
such as interpretability, efficiency, and processing
complexity. This study employs several machine learning

models proven effective for classification tasks. Decision

Analysis and prediction of undergraduate student dropouts using machine learning

Tree offers interpretability but is prone to overfitting, while
Random Forest mitigates this issue by combining multiple
decision trees. Logistic Regression is well-suited for bi-
nary classification with linear relationships, whereas K-
Nearest Neighbors (KNN) leverages distance-based
calculations, making it effective for small datasets. Ada-
Boost enhances weak classifiers through boosting, Hist
Gradient Boosting optimizes structured data learning
using histogram-based techniques, XGBoost provides a
highly efficient gradient boosting implementation, and
LightGBM delivers faster performance, particularly for

large datasets.

3.1 Decision tree

This model divides datasets into subsets
based on various attributes to make decisions, making it
easy to use and understand (Li et al., 2024; Perez et al.,
2018). The tree structure shows a sequence of events
that can be followed, providing insight into the primary
factors that might lead students to drop out. However, it
is prone to overfitting when data is highly complex. The
Decision Tree model divides data into different nodes
according to attributes, using decision criteria such as
Gini Impurity or Entropy to select the best split path. The

formula used to calculate node purity is as follows.

Gini= 1 " p?

i—1

Entropy = — Y7, p; log (p;)

Where : Dp;is the proportion of data that is in class j.

n is the total number of classes.

3.2 Random Forest

It combines multiple decision trees to create
a single model, reducing the risk of overfitting by ran-
domly selecting features and training multiple trees. This
approach is suitable for high-accuracy predictions and
works well with complex data, such as predicting student
dropouts, which may depend on various factors (Kumar
et al., 2024).
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9 =230 f t0)

Where : § Itis the result of the model.
ft(x) This is the prediction result from each

tree.

3.3 Logistic regression

The statistical model used to predict the
probability of outcomes in binary groups finds the relation-
ship between predictor variables and outcomes through
logistic regression (Ayyalasomayajula et al., 2024; Perez
et al., 2018). This model is suitable for forecasting student
dropout when the relationship between predictor variables

and outcomes is linear, and the data is not complex.

1
14+e—(BO+B1X1+B2X2+-+pnXn)

Py=1Ix) =

Where : B is the coefficient of the variable

X is a predictive variable.

3.4 K-Nearest Neighbors (KNN)

KNN is a model that uses the distance
between data points to predict outcomes by examining
the K most similar neighboring samples (Halder et al.,
2024). It is suitable for relatively simple datasets with a
small number of samples. However, this model may not
perform well when there are many variables or a large

amount of data.

~ 1 .
Y= Zieneo Vi

Where : J It is the predicted value.

k It is the number of adjacent data used in the
calculation.

yi It is the value of the target variable in the
nearest neighbor data.

N (x) is the set of nearest neighbors points that

are closest to the data to be predicted

3.5 AdaBoost
It is an efficiency-enhancing model that im-

proves accuracy by training multiple simple models and

J Sci Technol MSU

combining their outputs to create a more robust model
(Xing et al., 2024). This model performs well on less
complex data but can also handle imbalanced data, such
as cases where the number of employees who resign is

lower than those who do not.

F(x) = Z{=1 ach(x)

Where : a; is the weight of the base model at t.

h:(x) This is the basic model.

Hist gradient boosting

It is a Gradient Boosting technique that processes data
quickly by using histograms for parameter calculation and
optimization (Wijayanti et al., 2024). This method is
suitable for large and complex datasets. The use of Hist
Gradient Boosting can achieve high accuracy while requir-
ing less processing time compared to standard Gradient

Boosting methods.

En(x) = By — 1(x) + Vihim (%)

Where : Vm It is learning rate.

h,, (x) It is a newly created tree in round m.

3.7 XGBoost

It is an enhanced version of Gradient Boost-
ing that operates quickly and efficiently, reducing overfit-
ting through regularization and allowing for detailed
learning adjustments (Yu et al., 2024). This model is
particularly suitable for predicting student attrition when
the data is complex and abundant. It has gained significant
popularity due to its accuracy and effectiveness in han-

dling large datasets.

En(x) = Fp — 1(x) + 1 hy ()

Where : 711t is learning rate.

3.8 LightGBM

Another technique is Gradient Boosting,
which focuses on high efficiency and faster processing
than XGBoost by utilizing leaf-wise data splitting and
handling large datasets (Omotehinwa et al., 2024). It is



Vol 45. No 2, March - April 2026

particularly well-suited for large datasets and diverse
features, such as student data related to dropout rates.
LightGBM can enhance the prediction process to be both

rapid and accurate.

Fm(x) =F, - 1(x) + Ymhm (%)
Where : Vm is the appropriate learning rate.

h,,(x) It is a newly created tree.

Results

In preparing data for building a machine learning
model, we start by separating the features from the target.
Here, X represents the data containing only the features,
which is obtained by removing the ‘Target’ column, while
y is the target data. Next, we split the data into a training
set and a testing set using the train_test_split function,
designating %80 of the data for training and %20 for
testing.

For performance evaluation, metrics from the
confusion matrix are used, including Accuracy, Precision,
Recall, and F1 score, which are commonly used measures
in classification problems. The confusion matrix summarizes
the results of binary predictions by displaying four cases
True Positive (TP), True Negative (TN), False Positive
(FP), and False Negative (FN) (Arefin et al., 2024; Omote-
hinwa et al., 2024; Venkatesan et al., 2024; Wijayanti et
al., 2024; Yu et al., 2024). Accuracy is the proportion of
total outcomes that the model predicts correctly. Precision
measures the accuracy of the model in predicting the
positive class. Recall reflects the model’s ability to identify
all instances of the positive class. Because Precision and
Recall are often inversely related, the F1 Score serves

as the harmonic mean of the two.

. P
Precision =
TP+FP
Recall =
TP+FN

Precision x Recall

F1 Score-measure = 2 x —
Precision + Recall

Analysis and prediction of undergraduate student dropouts using machine learning

Table 2 Cross-validation results for identifying at-risk

students using early detection models.

Method Acc Precision Recall F1
Decision Tree 79.81 0.80 0.79 0.80
Random Forest 84.32 0.85 0.84 0.85
Logistic Regression 66.03 0.60 0.66 0.63
K-Nearest Neighbors 52.73 0.53 0.52 0.53
AdaBoost 60.81 0.70 0.60 0.65
Hist Gradient Boosting  83.14 0.83 0.83 0.83
XG boost 81.71 0.80 0.82 0.81
Light Gradient 82.42 0.81 0.82 0.82

The results of the performance testing of ma-
chine learning models in identifying at-risk students were
assessed using cross-validation techniques. This research
compared the performance of eight models: Decision
Tree, Random Forest, Logistic Regression, K-Nearest
Neighbors, AdaBoost, Hist Gradient Boosting, XGBoost,
and LightGBM. Model performance was evaluated using
four main metrics: Accuracy, Precision, Recall, and F1
Score.

The Random Forest model demonstrated the
best outcomes, achieving an accuracy of 84.32%, a
precision of 0.85, a recall of 0.84, and an F1 score of
0.85. Further analysis using Recursive Feature Elimination
(RFE) identified critical factors influencing student dropout,
including ACC_GPA, REGULAR_YEAR, RELIGION_ID,
GENDER_ID, and FAT_REVENUE_ID, with GPA identified
as the most significant predictor. These results highlight
the effectiveness of the Random Forest model in accu-
rately identifying at-risk students. Therefore, the Random
Forest model can be effectively employed by educa-
tional institutions to proactively identify students at risk
and implement targeted interventions to reduce dropout

rates.

Discussion and conclusion

This research study examined and compared
the performance of eight machine learning models,
namely Decision Tree, Random Forest, Logistic Regres-
sion, K-Nearest Neighbors, AdaBoost, Hist Gradient
Boosting, XGBoost, and LightGBM for identifying at-risk
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undergraduate students using data from students in
Thailand. Prior to model training, we addressed the
imbalance between dropout and non-dropout students
using the Synthetic Minority Oversampling Technique
(SMOTE). SMOTE effectively balanced the dataset,
reducing model bias toward the majority class and improving
predictive accuracy.

Additionally, we employed Recursive Feature
Elimination (RFE) as a feature selection method to identify
the most critical attributes for predicting dropout status.
RFE highlighted key attributes such as ACC_GPA,
REGULAR_YEAR, RELIGION_ID, GENDER_ID, and
FAT_REVENUE_ID, which significantly contributed to
model performance. Incorporating these selected features
enhanced the interpretability and accuracy of the predictive
models.

The evaluation results, assessed using cross-
validation techniques and four primary metrics (Accuracy,
Precision, Recall, and F1 Score), indicated that the
Random Forest model yielded the best outcomes, with
an accuracy of 84.32%, precision of 0.85, recall of 0.84,
and an F1 score of 0.85. These results underscore the
Random Forest model’s capability to accurately identify
at-risk students.

These findings suggest that the Random Forest
model has potential applications for developing
educational systems,(Kumar et al., 2024; Xu & Yin, 2021)
particularly in providing appropriate support and interventions
for at-risk students, which could help reduce dropout rates
and promote greater academic success. However, future
research should consider a more in-depth analysis of
factors and variables related to student risk, as well as
exploring other machine learning models that may perform
better. In addition, comparative studies of the performance
of models and advanced techniques such as hybrid
models or adding other data using data from more diverse
samples should be conducted to ensure their reliability

and applicability in a wider context.
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Abstract

This research investigates the effects of fouling formation in the Cooling System of a CPU, divided into two main parts
to enhance the cooling efficiency of central processing units (CPU). The first part focuses on identifying the optimal
concentration of TiOZ/water nanofluids (0.02 Vol.%, 0.05 Vol.%, 0.1 Vol.%, and 0.15 Vol.%) for reducing CPU
temperatures compared to water-based cooling and heat sink systems. The results indicate that a 0.05 Vol.%
concentration provides the best performance, reducing CPU temperatures by an average of 0.9 °C compared to
water and 15.9 °C compared to heat sinks. In the second part, the optimal concentration (0.05 Vol.%) was tested over
12 months to evaluate the effect of fouling on the system. The findings reveal that the cooling system maintains high
efficiency during the first five months but starts to degrade thereafter. CPU temperatures increased by an average of
1.1 °C due to fouling acting as a thermal insulator. This study highlights that TiOz/water nanofluids at a 0.05 Vol.%
concentration can significantly enhance cooling performance, with fluid replacement recommended every five months

to sustain efficiency.

Keywords: Ti02/water nanofluid, fouling, central processing units (CPU)
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Figure 1 Preparation of TiOZIWater nanofluid.
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Figure 2 Schematic diagram of experimental apparatus.
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Figure 3 Comparison of CPU, inlet, and outlet temperatures under different cooling conditions.
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HANIZNUBBIAEN TUPBIORNA TIO, Haszu
JxU18A71A3a% CPU

Figure 6 usasldslWdamnnives CPU Aler
maaumﬂ"ﬁmmmmiaﬁm%ﬂﬁﬁuﬁnmmmqmwgﬁ
cPU luusazidoununmua 12 daw iadnmndans

J Sci Technol MSU

ﬂs:ﬂumam:n%’uﬁlﬁ@mﬂmgmﬂ TiO, Tapuadilédanms
nasssitlalivadlna Tiozlivh fonadutu ¢ = 0.05%
uweslnanaseu Naﬁvl,ﬁa'mmsmaaawuiwqm‘vﬁgﬁ
289 CPU fuw i fiadinaum s Ana usass202181ms
Inuluudazidan Taslugradand 1 nasannmsldan
@imﬁaaﬁaﬂdﬁiﬂﬂw&adqmﬂgﬁmaa cpuU lnatdssny
nydifiszunGudulfiuesing Tiozlﬂfh (Month 0) &5
waasliiRnwidanusmansalumssunganufenfifari
i Invaefinmsldauasiwamnln Tiozlfi'l lugradan
A2 uae 3 wuiﬂﬁqmﬁgﬁLﬁu%mﬁal,ﬁwﬁunitﬁﬁuﬁu
TFuvaslng Tiozlif'l Twdoud 0 uaiaszaznarinwly
Huidond 4 wasannsldnunuin lslndgmnglves
CPU ﬁfi%ﬁu%uuazvﬁﬂnﬂﬁivlvdﬁqmvxqﬁmaa cPU Ale
annsdivasivarn Seugesliifiuinanusansaluns
famaNTauvaIvad rnauw lu Tiozlﬁ’ﬂ AARIAINANT
AAIVBIOUNNA TIO, Tuvaslwarinswiiesanifianzniu
MAIARRIE9 9 Insruuszinennufouii wadnssums
Inafigsnasamstnomanuionssadouazlndido et
amwmnil CPU ArwnslEnuluszoziom 1, 2, 3 uas 4
o Jenfintwannsdisuduldoulndend 0 Uszanm
0.08, 0.77, 1.28 uaz 2.38% GNNAAU Iﬂuqmwgﬁ CPU
Arnunsldsuiduszeziaan 4 1deu §981n31nsdl
maa"l,mivhag’iﬂszu'\m 0.37%

month 0 month 5 Y month 10
month 1 month 6 * month 11
month 2 month 7 L] month 12

month 3 month 8 Water as coolant

O oD 4 b #*
® ¢ B 4 »

month 4 month 9 —— ——  Ambient

85

CPU temperature
34

33 4

32

31 A

Temperature (°C)

30

o m— e~ e (- =

29 i s By e R

28 4

0 500 1000 1500 2000 2500

Time (Second)
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of TiOZ/water nanofluid coolant usage.
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Abstract

This research aims to investigate the inhibitory effects of herbal teas on alpha-glucosidase enzyme activity. Ten types
of commercially available herbal teas were evaluated, including Gymnanthemum extensum, Momordica charantia,
Moringa oleifera, Mitragyna speciosa, Pluchea indica, Solanum torvum, Plukenetia volubilis, and a mixed herbal formula
consisting of Gynostemma pentaphyllum, Pandanus amaryllifolius, and Hibiscus sabdariffa. The results revealed that
several selected herbal teas exhibited significantly higher alpha-glucosidase inhibitory activity than the standard drug,
acarbose, at a concentration of 5 mg/mL; notably G. extensum, M. charantia, and M. oleifera. Furthermore, increasing
the steeping time significantly enhanced the inhibitory activity (p<0.05). These findings demonstrate the potential benefits
of herbal teas for health promotion and diabetes prevention. Additionally, this study provides scientific evidence regarding

the optimal steeping duration to maximize the therapeutic benefits of herbal tea consumption.
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5. MIIAERTBYANIIEIR

Tunmasadringd 3 61 (n=3) 31895 Tuzd
LUUALRES (Mean) + mmmﬁmmummgm (Standard
deviation, SD) 1131 ATIERANN LANANIRAATZRING
ﬂﬁjui@]ymﬁmﬁzﬁmwLLﬂsﬂiaumdLﬁm (One-Way
ANOVA) TINNUMINAROLLUL Tukey’s post-hoc test law
fwnaTzaLa N EaluIEian p<0.05 sraldsunia
Statistical Package for the Social Science (IBM SPSS)
83T 26.0

Table 1 Physical characteristics of herbal teas.

Effect of infused herbal teas on alpha-glucosidase inhibitory

WNANIINAaad
1. dnvaEmIMamwaaIiatzdawing
§r0819177 1 adanannduen Fuasin
anals degnefi 2 mluvg Fndesdula §ra8n9h 3
lunseviow Fwdesdeuls ree9ft 4 1 ludhdumn
faula daseft 5 Mlunzsdun mndsadula drede
A6 wwlnu:;m fwdaadugwanias Fras9ft 7 e
wau ANLTu9an MIsdwindes Yulaniey §hatnsh 8
PINFRUULAS (§A597W) e 9 Mluasdanas (GLERRED!
Faady uazdaognaf 10 TUILIGANU (§AT9W) &
wiiedla MuAGY (Table 1)

Brewed Tea
No. Herbal Tea Type Scientific Name %wW/w Physical Form
Appearance
1 Sacha Inchi Hull Tea Plukenetia volubilis L 100
=
—:"';L-
2 Khlu Leaf Tea Pluchea indica L. 100
-
3 Kratom Leaf Tea Mitragyna speciosa (Roxb.) Korth. 100
avia
4 Bitter Leaf Tea Vernonia amygdalina 100
= e
5 Bitter Melon Tea Momordica charantia L. 100
[t
Vg
-
6 Moringa Leaf Tea Moringa oleifera Lam 100
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Table 1 Physical characteristics of herbal teas. (continue)
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Brewed Tea
No. Herbal Tea Type Scientific Name Y%owlw Physical Form
Appearance
7 Mixed Pandan & Gymne- Pandanus amaryllifolius Roxb 50
|
ma Tea Gymnema inodorum (Lour.) Decne. 50 ol ,_;,L;x_
total 100 m ! -
8 Mixed Roselle Formula Hibiscus sabdariffa L. 50
Gynostemma pentaphyllum Makino 25 —ree—
Moringa oleifera Lam. 25 w
total 100
9 Mixed Turkey Berry For- Solanum torvum Sw. 50
=
mula Aegle marmelos (L.) Correa ex Roxb. 49.98 : R -
Others 0.02 .
total 100
10 Mixed Jiaogulan Formula  Gynostemma pentaphyllum (Thunb.) Makino. 50

Pandanus amaryllifolius Roxb

Morus alba L.

Ganoderma lucidum (Fr.) Kart.

total

30 -
20

10

100

Note: Weight and proportions for mixed formulas (No. 7—10) were obtained from product labels.
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Wafiudnmsiufefinm 1 (32.98+1.00%), 3 (48.42+3.12%),
5 (52.61£2.94%) uaz 7 (57.65:1.56%) Wifl Gauaailu
Table 2
PMNNANINARBINLIN ILHLIANITTIT
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Table 2 Effects of brewing time on the alpha-glucosidase inhibitory activity (%)

% Inhibition at different brewing times (min)

No. Local name
1 min 3 min 5 min 7 min 9 min
1 Sacha Inchi Hull 17.3442.63° 21.99+3 48" 25.46+1.81° 25.53+2.24° 32.85+2.57°
2 Khiu Leaf 32.85+2.57° 37.16+2.76° 35.80+1.92° 57.66+2.51° 63.40%3.14°
3 Kratom Leaf 3.70+1.57° 26.23+3.32° 80.70%3.79° 82.25+8.08° 90.62+6.04°
4 Bitter Leaf 56.22+2.35° 57.73+3.55° 63.81+3.56° 74.20+3.62° 97.38+1.72°
5 Bitter Melon 78.91+1.22° 94.8145.65" 97.87£2.7° 98.85+0.29" 99.63+0.95"
6 Moringa Leaf 95.33+4.87° 95.35+6.92° 95.94+4.75° 96.94+1.28° 97.20+1.09°
7 Pandan & Gymnema 79.43+0.51° 91.01+1.00° 92.8+1.59° 94.3+0.61° 94.32+2.08"
8 Mixed Roselle 94.83+3.90° 95.83+1.31° 95.85+3.30° 97.34+1.86° 99.35+1.47°
9 Mixed Turkey Berry 24.40+2.92° 25.83+2.25" 34.98+1.74° 39.57+2.66° 54.44+4.08°
10 Mixed Jiaogulan 32.98+1.00° 48.42+3.12° 52.61+2.94° 57.65+1.56° 68.85 +9.97°

Mean values with different superscript letters (a, b, ¢, or d) in a row are significantly different (p<0.05).

Table 3 Inhibitory effects of standard Acarbose on alpha-glucosidase activity.

Concentration of Standard Acarbose (mg/mL) %inhibition
5 77.23+1.14
10 85.32+0.99
15 87.25+1.20
20 88.02+0.57

25 88.29+0.29
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Abstract

Urinary tract infections (UTIs) caused by Escherichia coli are a global health concern, particularly among females.
This cross-sectional study aimed to investigate and analyze the relationship between phylogroups and antimicrobial
susceptibility profiles of E. coli isolates from female UTI patients. We analyzed 174 non-duplicate E. coli isolates

obtained from urine samples of female UTI patients admitted to a tertiary hospital in Bangkok, Thailand, between

! Iﬂidﬂﬁiﬂm‘ﬁﬂﬁﬂﬁ’]m‘mLﬂﬂﬁﬂﬂ’]iLL‘WYlFj ﬂmzaw,wmam% wﬁﬂmé‘wiwma@‘? ﬂnumﬁ
2 ﬁmumuqumiam‘%a Iiawmmamn?m ﬂEx‘lL“ﬂW&JW]%ﬂS*‘J

* NUIATVINEN ﬂﬁjmmmﬂﬁﬂmmwmf‘[sawmmamﬂauﬂgamwumuﬂsq

4 MAATUNATANTUNNG ATAERITANEAS wﬁﬂmé‘ﬂﬁﬁwmaﬂ?ﬂnumﬁ

' Graduate Program in Medical Technology, Faculty of Allied Health Sciences, Thammasat University, Pathum Thani
% Infection Control Unit, King Taksin Memorial Hospital, Bangkok

® Microbiology Unit, Department of Medical Technology, King Taksin Memorial Hospital, Bangkok

4

Department of Medical Technology, Faculty of Allied Health Sciences, Thammasat University, Pathum Thani

* Corresponding author, e-mail: anek.p@allied.tu.ac.th



264 Sasitorn Jaroennon et al.

J Sci Technol MSU

November 2023 and January 2024. Antimicrobial susceptibilities of E.coli were performed using the disk diffusion
method, and their phylogroups were determined using quadruplex PCR. Antimicrobial susceptibility test revealed that
the resistance rate of E. coli to ampicillin, ciprofloxacin, and trimethoprim-sulfamethoxazole was 88.5, 63.8, and 51.1%,
respectively. Additionally, 36.8% of isolates were extended-spectrum beta-lactamase (ESBL) producers, and 61.3%
were multidrug-resistant bacteria (MDR). The most prevalent phylogroup was B2 (61.5%), followed by D (9.2%), C
(7.5%), B1 (7.5%), A (5.2%), F (4.0%), E (3.4%), and unknown (1.7%). Notably, phylogroup C exhibited significantly
higher resistance rates to ceftazidime, ciprofloxacin, and gentamicin (p<0.05) and was the only phylogroup exhibiting
carbapenem resistance. In contrast, phylogroup E showed a significantly higher prevalence of MDR. This study

demonstrated that E. coli isolates from female UTI patients exhibited high antimicrobial resistance rates, reflecting the

need for surveillance and control measures to prevent the spread of these drug-resistant strains.

Keywords: Urinary tract infection, Escherichia coli, phylogroup, antimicrobial resistance, female patients
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INMIANBIANUTFUANUTITIITAUINNT (phylogenetic tree)

\w E. coli cryptic clade | (Clermont et al.,

2893luNa8d E. coli lauidSoulivuiy Escherichia
fergusonii W31 phylogroups B2, F L8z D fanusunus
L%ﬁi'@ummsﬁlﬂﬁ%@ﬁumﬂ @NUG8 phylogroup E
WAz ﬂaua@mmmmﬂaaﬂm leun phylogroups C, B1
WAz A §I1%3U clade | ummnaam’mnawauq DHITALIU
(Beghain et al., 2018) lag phylogroup B2 8 D
ﬁﬂwuvlﬁﬂaﬂluﬂajuL%a Escherichia coli fialsaluszuy
@149 ﬁuiwmmﬁag’mﬂuaﬂﬁﬂﬁ (EXPEC) 313814
nsdagaluszuunisduilasite luamefideln
phylogroup Auinwuldluiga E. coli nalsaluszuumaan
81%17 (diarrheagenic E. coli) LLazL%a E. coli ‘ﬁlmﬁﬂa%islu
s1malaglinaliialsn (commensal E. coli) (Ahumada-Santos
et al., 2020) PNNNIFANEN phylogroup madL%a E. coli
“?1'Lmﬂ"lﬁmmjﬂauﬁm%aim:uumuauﬂama:
ludszinalnudls quadruplex PCR uaasldiinia
phylogroup B2 uaz C 1w phylogroup ‘ﬁ"wu‘lﬁﬂaﬂ
Tos wu'leidous 41.8-58.7 % uaz 12.5-25.5 % anusnau
(Tewawong et al., 2020; Ketkhao et al., 2024) uaﬂmﬂﬁ
£ phylogroup C ;ua@mmma@]ammma‘*ﬁwmﬂa@
Tunuedi phylogroup B2 wuanuiuiuEiunsaadas
mu'gaﬂjwmwmmu (multidrug resistance; MDR)

(Tewawong et al., 2020) atn9bsiany nsAnsn
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phylogroup LLa:ﬂmwé’wﬁufﬁumséa@iaméﬁuqa%'wlu
Ureindlng Ferautnsanna dsznaunumsansnneuniin
Humstnunludefiuonldnngienswamouacnds
UK NaMIAnsdIduana el asiautaszuaing
vaagelulszinalnglddin wazeianinuswaz
ﬁ'u;jm@aﬁlLﬂumjmémLLa:mjm‘Tﬂwam%amuau
Hasnzaiulng
Taguszaed
1. ANBIANUAINRANLVDS phylogroup Lag
stnpuanuhdasdugadnuas E. coli Augnldann
;_j”ﬂ';wajdﬁﬁmsﬁﬂL%almzuumuauﬂamazﬁ
Wi sunisinelulsaneiviaszdvadoniiluiva
NIUNNUIUAT
2. ANBIANURNANUTIZAING phylogroup LAz
mséamﬁm@a%wmaa E. coli @3N&1?

A5ANRBUNIIVY

mM3dneidunis@nsnniadaains (Cross
sectional study) lapvnnsanmnluide E. coli s1wan 174
lolmanandeisdlamizasihondeiiaadeluszuy
maduilaaniz FadnTumsinem m lsewenunaanna
NIUNNURIUAT TTRILABUNDATNIEY WA, 2566 -
U510y w.a. 2567 lapfinasinnsaaidandlegnete
E. coli filflunsdnmnda dasmzuonldanilasae
mao;jﬂ’mvl,aj%ﬁm Foudwdaifesriadoivasdaotng
(pure isolation) wasfUsunawesigeludregneilaas
Foua 10° Colony forming unit dadiafd®as (CFU/mL)
Al vl dasnme E. coli dadldunanndatnetlaanis
fiarenuimadidadanany (Wee) lidesnins cells/high
power field (HPF) uaz/n3a J leukocyte esterase uuan
ms?mmﬁvlﬁmumiﬁﬁmmmﬁﬁyluugwﬂ AMNAML
nysunaaduluausd wninedossinaaad qﬂﬁ' 3
IA&LATINAT 67AH090 uazamenITuN1sIToluau
NIINNARIUATIRALATINT UO30Nc/67_EXP

1. m‘smmwnLLa:msa:‘i"nmmi?a Escherichia
coli n@ag19idd1e

Tums@nmnil mamnzgeandednotlass

M lagiwnzdag9taa1zu% MacConkey agar Way
Blood agar lﬁul@ﬂﬂiaﬁLam@T’mmﬂf calibrated loop ﬁlﬁ
A% 0.001 addas wavnniuineghailggasifivan
NMIRIBRIY (intermittent catheterization) ®3N19L19712N

nsziwizdasnie (suprapubic aspiration) ;ﬁ%’ﬂ”ﬁ
calibrated loop ﬁﬁmmq 0.01 faddas lumawzide
NN ﬂuawmnww:v’%aﬁqmmﬁ 35 adeLaaLTus Lw
1 24 1 lag vmstuswanlalaiiuazdszanmswon
CFU/mML uazasramovudnvmslalaflunenmisiassde
é’ﬂumzmsa@%-gﬂmmau%amnmsﬂ"auﬁ Gram'’s stain
MINAFUTUAN UALNIINAFAL Matrix-Assisted Laser
Desorption/lonization Time-of-Flight Mass Spectrometer
(MALDI-TOF MS) (Bruker, Germany) Lﬁ"as:ymﬁ@ N
W1z E. coli ARTIMan i1 sdaLaanasun Mueller
Hinton Agar (MHA) ialflunsiiasevidely
2. meswwngduuumstaialulamenina
LLaZﬂ’ﬁaﬂL%ai%QNﬁ%
mmﬁﬁlﬂumiiﬂLmngmmumsam‘%alu
TuTHlIzNa VAL E}”ﬂaﬂvl,ﬁ%'umimwwmwﬁmmi
NMIUFAI UBZWIANANIINTIIN W[ TR 1T le
funasimAiasemsaade dnngiudawiwdrsums
Snmlulssnenuna wiadumssnenuen sesnin 48
2 lug vs%alﬂu@ﬂ’smﬁvlsjvlﬁuau%'ﬂmé"ﬂukawmma
snsuinmsiRasansaadelulssneuiadaad
;;Tﬂ’sUﬁvl,@i”%'umimnwudﬁﬁmmmam LRZWIDWNANIT
arInerasdfians dhlanuinmsinsiieduniséia
wounngiundsanldidiumsnmluusungioolu
paslsannunadwasnannnii 48 $alug wiafimssesie
nlsanenunaaufiveusnesnannniannnii 48 $alug
(Sirijatuphat et al., 2020)
3. msﬂmaaumwhmmm"?a@iamﬁmqa%w
Vi’wmsmaaummvlfmau%a@iamﬁmﬁ;a%w
@28737 disk diffusion method @13LWINTIV8Y Clinical and
Laboratory Standards Institution (Clinical and Laboratory
Standards Institute, 2020) WHENFNUIZTW (Oxoid Ltd.,
Hampshire, UK) Alluns@nwil Usznaueas amikacin
(AK; 30ug) gentamicin (CN; 10 pg) netilmicin (NET; 30
pg) ampicillin (AMP; 30 ug) amoxicillin-clavulanic acid
(AMC; 20/10 pg) cefoperazone-sulbactam (SCF; 75/30
Mg) piperacillin-tazobactam (TZP; 30/6 ug) cefuroxime
(CXM; 30 pg) cefotaxime (CTX; 30 ug) ceftazidime (CAZ;
30 pg) cefepime (FEP; 30 pg) imipenem (IMP; 30 pg)
meropenem (MEM; 30 pg) ertapenem (ETP; 30 ug)
ciprofloxacin (CIP; 5 ug) 8¢ trimethoprim-sulphamethoxazole
(SXT; 1.25/23.75 pg) LasnageULiafdanTaIn a1
Lo sl extended-spectrum beta-lactamase (ESBL) @28
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5% double disk §1WSULEa E. coli Aaase imipenem
meropenem #38 ertapenem gﬂ%’m‘ﬂu carbapenem-
resistant E.coli LLa:L%aﬁéa@iam@Tﬂu@aﬁwa:mﬁaﬂ 1
aynuluatinaiay 3 naa gﬂ%’mﬂm%aﬁ MDR (Magiorakos
et al., 2012)
4. nsafia DNA 9188 E. coli
{A3uvin13ania DNA N9 E. coli lagAs
M3 (boiling method) vinldlasazaslalafivesta
E. coli fiw1zun MHA USunme 1 CHEREERR
219 1 lulasaas lu Tris-EDTA buffer (pH 7.4) %&9310
inlUdwd 95 asenimaides unan 10 witud imaea
grasougluriuds Wuna 10 wit 3 Twwdoed
a5 12,000 saudamwd Ll 5wl ikeanaznan
LAETaS Wz AL Enauinlafid crude DNA ﬁqm‘mgﬁ
4 asemadoa wiornl1Elunns@nen phylogroup e
3% quadruplex PCR da'ly
5. N1597uwn phylogroup 2ad E. coli @28
5 quadruplex PCR
Tumsnmassil {I3uyimsnasay phylo-
group mau%‘va E. coli @a1ginaka quadruplex PCR
laofd DNALTwWNN8UTENOUAIY arpA chuA yjaA
uaz TspE4.C2 laadisauianalendvasnswailtuas
w1289 DNA hnanaasugadlu Table 1 UjAsen
quadruplex PCR §uSu1asmiuvinny 20 tulasans
vznauals 2XDreamTaq Green PCR master mix

J Sci Technol MSU

(Thermo Scientific, USA) 5 'lulasdias primer 2a3udazin
ﬁe\‘] forward LAz reverse a&Nd8Y 0.2 YM BN arpA “7'1‘1"5'
881982 0.4 UM uaz crude DNA USunow 3 lulasias
9N ¥ 3Linduan DNA dhetases Thermal Cycler
T100™ (BIO-RAD, Hercules, CA) moldanzesil
1) denaturation 94 adeniwaldos LJwaan 4 wIN
2) denaturation 94 aveniwaldos LJulia1 5 IuN
3) annealing 59 aseimalfoa Wnnan 20 3T (@uaan
‘ﬁ 2-3 Y11 30 381) WAz 4) final extension 72 DAL TALT
\uaan 5 Wil 99nin i1 PCR product lasaasause
2% agarose gel electrophoresis #au@a28 SafeView'™
Classic (amb®, Canada) Lazduun phylogroup A1uN13
@373WL DNA tihwansaauwanisle Table 2 Hadtl
winwuld phylogroup A %38 C ¥mMaTzhaacis
ﬂgm‘m PCR fidiwezriu Group C wIalgUATen PCR
A31LW121U Group E dwiuiafinuiilu D/E wie Elclade
| ia'lal
6. MIANHRIBYANADA

3Lﬂ3’1:‘1§°ﬂ’a§al,%dqmmwﬁaﬂaﬁal,%amsmm
lugﬂLLU‘Uﬂ’]’]&lﬁl TounzuazAady §mMTUMITATIES
mmé’uw”uﬁimdﬁ{lmmvbeiaméﬁu’ga%'wLLa: phylo-
group 1% Pearson’s Chi-square test wazfinnua p < 0.05
fadanuuand1yedeinpiaynaia

Table 1 Nucleotide sequences of primers and target DNA fragment sizes used for phylogroup determination of E. coli.

PCR reaction Gene Direction Primer Sequence (5°-3’) DNA size (bp) Reference
Quadruplex arpA Forward AACGCTATTCGCCAGCTTGC 288 Clemont et al., 2013
Reverse TCTCCCCATACCGTACGCTA
chuA Forward ATGGTACCGGACGAACCAAC 211
Reverse TGCCGCCAGTACCAAAGACA
yjaA Forward CAAACGTGAAGTGTCAGGAG 152
Reverse AATGCGTTCCTCAACCTGTG
TspE4.C2  Forward CACTATTCGTAAGGTCATCC 400
Reverse AGTTTATCGCTGCGGGTCGC
Group E arpA Forward GATTCCATCTTGTCAAAATATGCC 301 Lescat et al., 2012
Reverse GAAAAGAAAAAGAATTCCCAAGAG
Group C trpA Forward AGTTTTATGCCCAGTGCGAG 219 Lescat et al., 2012
Reverse TCTGCGCCGGTCACGCCC
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Table 2 Interpretation of E. coli phylogroup (Clermont et al., 2013).
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araA chuA yjaA TspE4.C2 Phylogroup Additional step
+ - - - A
+ - - + B1
- + ; R F
- + + - B2
- + + + B2
- + - + B2
+ - + - A/IC Screen using C specific primers. If C+ then C, else A
+ + - - D/E Screen using E specific primers. If E+ then E, else D
+ + - + D/E Screen using E specific primers. If E+ then E, else D
+ + + - E/clade | Screen using E specific primers. If E- then clade |
- - + - Clade I/l
- - - + Unknown
- - + + Unknown
+ - + + Unknown
+ + + + Unknown
- - - - Unknown
NAN1SENB aglunéumqm%u@i >65 1 (65.5%) iaaaomﬁamjumq

NMIANN WUINe8ENd E. coli §aulnnian

nngthendsndenadvagn 68.7 £ 17.3 T daulwg

: | a & da X
55-64 ﬂ (17.8%}) ﬁ')uslﬂfuvLﬂuﬂ']i@]ﬂL"ﬁﬂﬁLﬂﬂTulu‘g&lTu

(93.7%) (Table 3)

Table 3 Demographic data, phylogroups, and antimicrobial resistance of E. coli isolates from patients with urinary

tract infections (n=174)

Variable N (%)

Age (year)

15-24 6 (3.4)

25-54 23 (13.2)

55-64 31 (17.8)

>65 114 (65.5)

Mean % SD (range) 68.7 & 17.34 (16-95)
Infection

Community-acquired infection 163 (93.7)

Hospital-acquired infection 11 (6.3)
Phylogroup

A 9(5.2)

B1 13 (7.5)

B2 107 (61.5)

Cc 13 (7.5)

D 16 (9.2)

E 6 (3.4)

F 7 (4.0)

Unknown 3(1.7)
Antimicrobial resistance

ESBL 64 (36.2)

Carbapenem resistance

MDR

2 (1.1)
106 (60.9)
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Figure 1 LLamgﬁJLmummvlmamﬁ’luqa%wmaa
o E. coli Tngwuin @aifiauvanuainlada fosfomycin
(99.4%) udgafisasmsaasie ampicillin gaﬁqﬂﬁ 88.5%
vadadaLdn ciprofloxacin WL trimethoprim-sulfamethox-

azole AaLTu 63.8 LAY 51.1% ANNAIGL HaNINH WU

o
A

Wwafianunsnanaawlnd ESBL 6 Aaillu 36.8% uazidlu
POV o o

LTENABABLIATUIRTANYY carbapenem agn 1.1%
wanand Mulngiiadetinsusadansmen1fanan

FUINTWAIBTUIL (MDR) (61.3%)

J Sci Technol MSU

IINMINA&AL phylogroup detnaita quadru-
plex PCR Wi 138 E. coli fiusnlddulnajaglungy
phylogroup B2 (61.5%) J098931A8 phylogroup D (9.2%)
w8z C NU B1(7.5%) Yo} group A E uaz F wuludasin
fikannin (5.2 3.4 Uaz 4.0% SIUAIAL) wananit Sowy
L%aiuﬂsjuﬁvlaiaﬁuwsn%'@]ﬂajuvlﬁ (unknown) Uszans 1.7%

FOS
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cip

MEM
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S, Susceptible ; I, Intermediate ; R, Resistant

Figure 1 Antimicrobial susceptibility profile of E. coli isolated from urine samples of 174 female patients

with urinary tract infections

IMNMIANBIANNFUNUTIZHAING phylogroup
U3 E. coli ﬁ'ummvhsiamﬁmaqa%w WU NINIEANY
o . a X ] v a A o e & A o
AV E. coli 'Y](ﬂﬂ@]ﬂU’](ﬂ’]uﬁg‘ﬂ“ﬂwuﬂ’l’]&lKMW‘H,‘EE]EI’]G&J%U
ﬁﬁﬁtyﬁu phylogroups #nLi% amikacin ampicillin cefuro-
xime cefotaxime cefepime LLae fosfomycin (Table 4) e

Tu phylogroup C foandods gentamicin piperacillin-

tazobactam ceftazidime cefepime uaz ciprofloxacin g3
X 4 o o X a (oA
el group 8 LR ﬂﬂLﬂuL“}jameﬂQmﬂmw
X . 4 X
wun1idadasnlunda carbapenem lusme? 17alu
phylogroup E foann1idadasn amoxicillin-clavulanic
acid cefoxitin Wae trimethoprim-sulfamethoxazole uazil

damnIwuiTa MDR ganiwdielu phylogroup 8u
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Table 4 Distribution of antimicrobial resistance of E. coli isolated from urine samples of female patients with urinary

tract infections in different phylogroups

Antimicrobial  Total A B1 B2 (o4 D E F Unknown p-value
agent (n=174) (n=9) (n=13) (n=107) (n=13) (n=16) (n=6) (n=7) (n=3)
AK 1(0.6) 0 (0) 0 (0) 1(0.9) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)  0.999
CN 43 (24.7) 2 (22.2) 1(7.7) 30(28.0) 7(53.8) 1(6.3) 2(33.3) 0 (0) 0(0)  0.035
AMP 154 (88.5) 9(100.0) 12(92.3) 93(86.9) 12(92.3) 15(93.8) 6(100.0) 4 (57.2) 3(100.0) 0.179
AMC 30(17.2)  1(11.1)  2(154) 9(8.4) 7(53.8) 6(37.5) 4(66.7) 0(0) 1(33.3) 0.000
TZP 15 (8.6)  1(11.1) 1(7.7) 547 6 (46.2) 16.3) 1(16.7) 0 (0) 0(0)  0.000
SCF 3(1.7) 0 (0) 0(0) 1(0.9) 2 (15.4) 0 (0) 0(0) 0 (0) 0(0)  0.028
CXM 74 (42.5) 6(66.7) 6 (46.2) 46 (43.0) 7(538) 3(188) 4(66.7) 2(286) 0(0)  0.147
FOX 21(12.1) 0 (0) 2(154) 3(28) 6(462) 5(313) 3(50.0) 1(14.3) 1(33.3) 0.000
CTX 73 (42.0) 6(66.7) 6 (46.2) 46(43.0) 7(53.8) 3(18.8) 3(50.0) 2(28.6) 0(0) 0217
CAZ 43 (247) 4 (444)  3(231) 26(24.3) 7(53.8) 0 (0) 2(333) 1(143) 0(0)  0.040
FEP 43 (24.7) 4 (44.4) 1(7.7)  27(252) 7(53.8) 0 (0) 3(50.0) 1(143) 0(0)  0.095
IMP 2(1.1) 0 (0) 0 (0) 0 (0) 2 (15.4) 0 (0) 0 (0) 0 (0) 0(0)  0.001
ETP 2 (1.1) 0 (0) 0(0) 0 (0) 2 (15.4) 0 (0) 0(0) 0 (0) 0(0)  0.001
MEM 2(1.1) 0 (0) 0 (0) 0 (0) 2(15.4) 0 (0) 0 (0) 0 (0) 0(0)  0.001
cip 111 (63.8) 6(66.7) 9(69.2) 79(73.8) 10(76.9) 1(63) 4(66.7) 2(286) 0(0)  0.000
SXT 89 (51.1) 6(66.7) 4 (30.8) 50(46.7) 6(46.2) 12(75.0) 6(100) 3 (42.9) 2(66.7) 0.054
FOS 1(0.6) 0 (0) 0 (0) 1(0.9) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)  0.999
ESBL 64 (36.8) 6 (66.7) 5(385) 42(39.3) 3(23.1) 3(188) 3(500) 2(286) 0(0)  0.223
CRE 2 (1.1) 0 (0) 0(0) 0 (0) 2 (15.4) 0 (0) 0(0) 0 (0) 0(0)  0.001
MDR 106 (61.3) 7(77.8) 5(38.5) 68(636) 9(69.2) 8(50.0) 6(100) 2(28.6) 1(33.3) 0.033

Note: p-value, Chi-square test; AK, Amikacin; CN, Gentamicin; AMP, Ampicillin; AMC, Amoxicillin-Clavulanic acid; TZP, Piperacillin-
Tazobactam; SCF, Cefoperazone-Sulbactam; CXM, Cefuroxime; FOX, Cefoxitin; CTX, Cefotaxime; CAZ, Ceftazidime; FEP, Cefepime;

IMP, Imipenem; ETP, Ertapenem; MEM, Meropenem; CIP, Ciprofloxacin; SXT, Trimethoprim-Sulfamethoxazole; FOS, Fosfomycin.

Frsaluazaguus

a X a < a X A Y
ﬂ’]i@l@lL"Ijal%ituﬂﬁ”lx‘]L(ﬂ%ﬂﬁﬁ’nuﬂuﬂ']i@l@]L“IJQVIW‘.UVL@]

vasuazfiginanigaduduaudug Pa9mIfniBafinu
dluilagifu srulnajiinnms@aite £. coli Mty
1 lafl phylogroup LLazmséa@iamﬁ’mqa%wmaa E. coli
nngihendainzsislunsvawanaimilasiuua:
muqumsam%aﬁLﬂumm@maﬂiﬂ malginduaadn
athamanzal wazenatislasfiuniafianisiemdn
@a%wiuﬂajmémvléﬂuamﬂm

Pnmsdneaiadt HITUWUIN ;&“ﬂmam%a%@a
foyiadvegii 69.0 + 16.8 U uszsulnajaglunguony
Gaud = 65 Bl J89893ABNFUDNE 55-64 T Fefiardn
mjugamqﬁﬁmm%rgﬁ'uma:éa%’a LT 101w L3nle
dmaasudaimesssine Taosnsaadeluszuy
madnaszinfwninfinolduntulugndgsitons
gja%u T,@]ﬂmww:lunéjwﬁﬁn'n:mmﬂi:ﬁf’lLﬁ a1 (Foxman

et al., 2000; Eriksson et al., 2010) G33zduvaITaslan
alaslauianad wannAzainadalasIaineasalen:
vinamadndaaizuazszuufunuiuds Gelinald
lactobacilli HUSunmanadllars aaun lundgsionua
Udnden egainlutetnsenisgnunuiidiouuaiise
A A LA ' ' v a
sfiadu laslawie E. coli fuwsnizansuaznaliiia
msdattaluszuumaduilasngld (Czajkowski et
al., 2021) §33uwui1 nsfiaida E. coli luszuumaidin
Taazaasgihondgsdriulngidunisiiatuanlu
TUTH (93.7%) waziTadldnsnnidasdasdulainag
o A, ) ) o A Al

luszaufideutnags lasawzivadugadnildlunis
o a X A o ..

Snwmstadaluszuuilaasidosdn (empirical therapy)
LT ampicillin trimethoprim-sulfamethoxazole Was
ciprofloxacin #8n31n% 36.2% VaILTORNANTONAALEY ba]
ESBL uazdnlng wurduite MDR Genanisdnunii

FOAANDINUINWITNUNINT (Themphachanal et al.,
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2015; Tabasi et al., 2015) %awu'jwmséamﬁm@a%wh
gurwindunsamnmislioegglimanzay s
LLwinizmwam,%aé/amlwﬁuﬁifu6] (Kardas et al., 2005)

nnsans ludszndlnadriganudn phylo-
group B2 uaz C Lﬂuﬂﬁjwﬁﬂﬁwﬂm%a E. coli fiupn
VL@Ta'mgifﬂ'sm‘?m%amuauﬂamaz 8nvia phylogroup C
ﬁé’mwmséamgaq@ Twsmed B2 wuglian1yal MDR
9019 62% (Tewawong et al., 2020) Fuandnsannms
AN HAnLI phylogroup B2 Lﬂuﬂq'm‘ﬁa E. coli
ﬁwuvl,ﬁmﬂﬁq@LLamaammLﬂu phylogroup D ‘lifu
pnaRaInMaNoiade 1% IWAaIEIEILAZUREIANN
Yo daf LLazT,ﬂmawmwwuaanejuéf’sasinﬁiﬁums
Anwiuandein lasmsansneuminlddodage
fusnldnngihomouszndgs el madinmnilsise
mﬂﬁﬂ’mmﬁam’lﬁu ﬁdﬁ msﬁww‘%a E. coli phylogroup
B2 uaz D ldvomIudundudugin usadliifiuin
phylogroup B2 uaz D dwdarislsauendldfissiny
\fiesannidie E. coli ﬁv'aaaanajuﬁﬁmmmmmhnwria
Iﬁﬂﬁga Fanaldanmsfidiivanauusslumsnialia
(virulence factors) 311NN LT% adhesins toxins
waz siderophores Tel¥izesansanslsauazUSuduie
@hsa%whﬁaLLamﬁaumaalaamﬁﬁﬂiwnéjwﬁu (Johnson &
Stell, 2000; Le Gall et al., 2007) uanmﬂﬁ FINLIN
E. coli sequence type 131 (E. coli ST131) vw
snuuitanlu phylogroup B2 Aflanumuisalunsie
lsngs I@]ﬂwuLﬂm%aﬁaiiﬂuaﬂﬁﬂﬁﬁwﬂﬁﬁaﬂﬁq@
LLaZﬁﬂWiLLWiﬂSZ%WUl%%aWUgﬁﬂﬁﬂﬁ;”siaﬂ
(da Cruz Campos et al., 2019) é’oﬁu phylogroup B2 ﬁ
wulumsinmsnil 39maslasumsanmnlugednioluud
mﬂﬁuﬁ:ﬂaﬂLm:ﬁﬁ]%'ammgmmﬂuﬂﬁﬁaTﬁﬂLﬁmaw
Wardumsranudilafsdnsaenisszuaing e
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Motorcycle Rider Behavior Questionnaire (MRBQ)

Abstract

Road accidents are influenced by multiple factors, including human behavior, vehicles, and environmental conditions.
Notably, human factors contribute to approximately 95% of all cases, with motorcycles being the most frequently
involved vehicle type. This study aimed to determine the factors influencing motorcycle travel behavior among students.
The sample consisted of 650 student volunteers from universities and colleges in Kalasin Province, all of whom were
capable of riding a motorcycle. Data were collected through a structured questionnaire incorporating the Motorcycle
Rider Behavior Questionnaire (MRBQ), the Traffic Locus of Control Scale (T-LOC), and additional variables such as
Mobile Phone use, Alcohol Consumption, use of Drowsiness-Inducing Medications, Motorcycle License Ownership,
History of Traffic Violations, and Past Accident Involvement. Hierarchical Multiple Regression analysis was used to

examine the relationships between these factors and Riding Behaviors. The results revealed that 75.7% of the students
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did not possess a motorcycle license, and all participants reported having violated traffic laws at least once. Further

analysis showed that Mobile Phone use for Texting, Alcohol Consumption, and the Internal T-LOC factor (“Self”)

significantly influenced the MRBQ. These included increases in “Traffic Errors”, “Speed Violations”, “Control Errors”,

and “Stunts”, as well as a decrease in the use of “Safety Equipment”. These findings have significant implications for

road safety policy and practice. Recommendations include stricter enforcement of motorcycle licensing requirements,

banning mobile phone use while riding, promoting “don’t drink and ride” initiatives, and implementing expert-led road

safety education programs. Educational institutions can integrate these findings into their strategic safety plans to

improve motorcycle safety among students.

Keywords: Motorcycle, university and college students, hierarchical multiple regression, Traffic Locus of Control Scale

(T-LOC), Motorcycle Rider Behavior Questionnaire (MRBQ)
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MInAUUI89 MRBQ @28 Principal Component
Analysis (PCA) 8131303016 5 ngw dsznaveis A
fawanalunstud (Traffic Errors: TE) mIazidiaanuisa
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W% 13 Tad1n W (Indicators) Tanfien loading factor
= 0.5 (Maskey et al., 2018) %Qﬂﬁ’]mﬁaﬁmwm
@1 Kaiser-Meyer-Olkin Measure of Sampling Adequacy
= 0.661 Goflaunazaw (Cerny & Kaiser, 1977) lawdl
faNuaaanaadsne i (Cronbach’s Alpha) 32319 0.557
— 0.820 TA9puazTaf I NLaadlaad Table 1

Table 1 Factors of the MRBQ among students riding.

Factors Indicators (Factor scores)

Traffic Errors (TE), Cronbach’s Alpha = 0.680
1. Turning into a side street without being aware of any
pedestrians. (0.736)
2. Failing to notice a car from behind a parked vehicle
until it is nearly. (0.758)
3. Failing to stop the motorcycle at the intersection
allowed pedestrians to cross the roadway. (0.677)
4. Turning left into the main road without reducing
speed and not noticing other vehicles. (0.598)

Speed Violations (SV), Cronbach’s Alpha = 0.768
5. If there are no cars on the road, you continue to go
straight while ignoring red traffic lights. (0.879)
6. Violating red traffic lights. (0.864)

Control Errors (CE), Cronbach’s Alpha = 0.557
7. When the vehicle ahead shows down or stops, you
realize that you should stop your motorcycle immedi-
ately. (0.776)
8. Riding too close to the car in front. If there is an
emergency, it will be difficult to stop. (0.741)
9. Braking too quacking on a slippery road. (0.611)
Stunts (ST), Cronbach’s Alpha = 0.820
10. Pulling away too quickly and your front wheel lifts
off the road. (0.898)
11. Purposely doing a wheel spin. (0.895)
Safety Equipment (SE), Cronbach’s Alpha = 0.717
12. Wearing a protective riding suit for body, elbow,
and shoulder protection. (0.881)
13. Wearing motorcycle gloves. (0.881)

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

3. n133LAT1EH T-LOC
T-LOC unsadangudInlsdds Principal
Component Analysis (PCA) ¢ 4 ngw sznauels an
FUT8Wu (Other Drivers: OD) SNUNIRULURZFILIAROY
(Vehicle and Environment: VE) W3u81e (Fate: FT) La
@2189 (Self: SF) 1WRBITWIW 14 Taa1ny (Indicators)
Iﬂﬁﬁlﬂ"] Kaiser-Meyer-Olkin Measure of Sampling
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Adequacy = 0.871 %dﬁﬂawuL%uﬂ:aw (Cerny & Kaiser,
1977) lasiifnanusanndasniulu (Cronbach’s Alpha)
3211319 0.746 — 0.892 faduuazdaannuuaaslaes
Table 2

Table 2 Factors of the T-LOC among students riding.

Factors Indicators (Factor scores)

Other Drivers (OD), Cronbach’s Alpha = 0.892
1. Other drivers’ risk-taking. (0.775)

2. Shortcomings in other drivers’ driving skills. (0.754)
3. Other drivers drive often with too high speed. (0.831)
4. Other drivers’ dangerous overtaking. (0.820)
5. Other drivers drive too close to my car. (0.765)
6. Other drivers driving under influence of alcohol.
(0.742)

Vehicle and Environment (VE), Cronbach’s Alpha = 0.746
7. Bad weather or lighting conditions. (0.833)
8. Dangerous roads. (0.765)

Fate (FT), Cronbach’s Alpha = 0.828
9. Bad luck. (0.863)
10. Fate. (0.877)

Self (SF), Cronbach’s Alpha = 0.820
11. My own dangerous overtaking. (0.773)
12. | drive often with too high speed. (0.765)
13. | drive too close to the car in front. (0.816)

14. My own risk-taking. (0.777)

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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yenavaas ﬁaé’fﬂﬁmqﬂﬂa (Personal Demographics)
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License: RL) Uszaunsnilumsaziianganaviuizes
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Uszsunsnilumufaglifmngluszozion 3 T firuan
(Past Accident: PA) Tagnnua i dudn uil3vi (Dummy
Variables) #fia 1 laififia 0 %aamﬁmﬂﬁ’mqmaﬁ Qs
andaluduiliniugu niudinmsiadudsdududnan
Ao Usznaudie msldlnsdwridatiafiuw Social
Media (Text: TEXT) 3N 3Fwia) alumsguwuﬁﬁwma
(Map: MAP) mﬂﬁﬁﬂuﬂmwawmz"ﬁ'w‘ﬂ (Music: MUS)
n”lisl,"ﬁl,ﬂ’%'aa?{ml,aanaaaﬁ (Alcohol Consumption: ALC)
LAZNNINIHENN A5 (Medicine: MED) 387U
T-LOC dyznaualsiads Q“ﬁ'u‘f]fé‘lu (Other Drivers: OD)
muwmumazéw:mﬁau (Vehicle and Environment: VE)
WINATG (Fate: FT) uaz@iay (Self: ST) Ua3y uaza
afunsuaaslaas Table 3

Table 3 Personal Demographics and Another Factors

detail.

Factor Code Detail

Personal Demographics

Riding License RL Motorcycle license ownership.
(1 =Yes, 0 = No)
Traffic Past TPV Traffic violation in the past 3 years.
Violations (1 =Yes, 0 = No)
Past Accident PA Motorcycle accident experience in

the past 3 years
(active and passive accident).
(1 =Yes, 0 = No)

Other Factors (6-Likert Scale) (1 = never, 6 = always)

Text TEXT Texting or social media use while
riding.

Map MAP Navigation app use while riding.

Music MUS Use the earphones/headphones

while riding.
Alcohol Consumption ALC
Medicine MED

Alcohol Consumption before riding.

Medication uses before riding.

@T’sLLUsLLa:ﬂaﬁ'yﬁmmvlﬁgnmaaum’mﬁ’ww‘”unf

VLR UATITENINMILU T T9UTU e 2 Aaudsalean

L™ a 6 . a 6 v .

RARNUNUD (Pearson Correlation) ILA312%A8 Jamovi

Software WUINAANTERING -0.561 D9 0.506 NIzAU
o o @ aa A v & 4 @

WOFAYNIIRAR 0.05 Ua2 0.01 T4 uaavlAlAwIaIuLS
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fanusunusAfzauibiayfanudunuiidoduass
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@TTJLLiJSgaLﬁuvLiJ (Multicollinearity) 1az¢i1 Tolerance ¢4
Je1uNnI1 0.01 Wazen Variance Inflation Factor (VIF)
Goalientoundn 10 (Mardia et al., 2024) Fawuinrm
NN TRINTN LEAI LGRS Table 4
HAMIIATZATs LR FINaAEMTEUNITI8n
INTLULUGVBINNANE INFNNATIUIUITLUAZNAITL
AldannsumsnanesuuLTuaauszaLaanaly Table 5
WU 1a3u8u9 (Other Factors) ldun msldlnsdnrida
flaNun Social Media (Text: TEXT) danusunuSLazss

J Sci Technol MSU

nado MRBQ lutfaspanufianaialunstud (Traffic
Errors: TE) mMaaztdannui (Speed Violations: SV) Lag
qﬂmtﬁmmﬁumwﬂaam‘"ﬂ (Safety Equipment: SE)
agadinedan (=0.108, p<0.05, 3=0.183, p<0.01, 3=
- 0.168, p<0.05) U@ ligsnadatadeaNNAANAIALWANT
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Equipment: SE) agnsfinpdany ($=0.232, p<0.01, B=
-0.176, p<0.01)



281

Determinants influencing students motorcycle travel among universitys and colleges :

Vol 45. No 2, March - April 2026

A hierarchical multiple regression analysis integrating MRBQ and T-LOC

‘(palier-z) [9A3] GO0 B} Je JUeoYUBIS SI UoNejSLI0D °,

(Palle)-z) [9Aa] L0'0 S} Je JUBSYIUBIS S| UONEISLIOD 'y,

lZv'L ¥0L0 b aje4
jusw

Z59'L G090  6LF0 L -UoJIAUZ pUE 3|91YaA

6EY'L G690  ¥EEO G20 L yes

LWL 900  _08€0 _¥8¥0 _ZLEO0 | sI9ALIQ 13430

€6zl 86,0  ¥0L'O _¥9L'0 6520 _LELO | auIoIpay

0zZr'L ¥0L0 620 0220 _ZLEO0 0020 _8L€0 L uondwnsuog 0yooy

v8ZL 6.0  .Zvl'0 _2/L0 _6€20 ¥800 9120 _8SL0 | a1Isn

VSl 9¥90  ¥600 _LLZO0 _0LZ0 2020 6820 9260 _99€0 L dep

959 Y090 G20 G20 _G2ZE0 _¥9L'0 8220 _ZLb0 _08€0 9050 L ol

090  €¥60  SKOO 0€00- _GEL'O ZS00- 2S00 1800 000 9L00- 6,00 ) JuapIooy Ised

/8VL  €/90 €900 €€00 €600 6L00- 800 _0ZL'O 02Z00- GLOO 6600 0S00 b suone|oIA JSed duyjel

8lGL 8G90  G90'0- €20°0- 0900- SHO'0 6E00- 2S00- 900 9600 9v00- _SZL'O- _L9S0- L asuaor Buipry
0900 2S00 _9LL'0 600 _¥LL'O 0LO'0- 8220 6220 6L00 ¥200- _€ZL'0- _19L0 | juswdinb3 Ajajes
/600 /800 1620 +200- _/ZL'0 G220 _SZL0 €¥00 _ZELO _ZLLO 200 900- %00 | sjunyg
€610 .GZZ0 _82€0 _¥lZ0 €020 _E€¥Z0 _LELO _¥6L0 _LOZO LSOO 8200 €€0°0- LEOO _80LO | siou3 [ou0)
ZLL0 1810 _€0E0 9¥L'0 _¥0Z0 _6.20 _LELO 0220 _GLEO ¥.00 1600 9€00- SLOO €810 1920 L suone|oIA paads
8€L0 €810 _ZLEO 6600 _¥EZO _LLZO _LELO _LZL0 _E¥Z0 9600 6SO0 ¥90°0- 8800 _6LZ0 _LZEO 9620 | Siou3oyel)

dIA  9duessol 14 an 48 a0 Q@AW oI SNN  dvIN  IX3lL  vd AdL  T¥ as 1s Eb) AS 3L 10j0e4

"D07-L pue ‘siojoe} Jaylo ‘siojoe) DGOIN Usamiaq uolne|alio) y ajgeL



J Sci Technol MSU

Savalee Uttra et al.

282

10'0>d .. ‘G0'0>d . ‘B19q SJUSIO1Y}90D PSZIPJEPUE)S = ﬂ

GeT0 A K GeT'0= 4 BST0= . 0L1°0= 1 310= 4
«960'0 1920 »602°0 «~081°0 120 (4S) yes
#50°0 1700~ zr0'0 0500 9000 (1) o1ed
€100 1S0°0- 8500 GlL00 €900 6200 €070 0€0°0 ~E¥0°0 900 (3A) yuswuoiAuz pue BRIYBA
8€0°0 «CZL'0" 900 L€0°0 1€0°0 (@o) sienuq 1oyo
2071-L°¢
#90°0 z100 000 2900 62170 (@an) suoipsy
+€60°0~ «0.1°0 +260°0 +01L°0 ¥€0°0 (071v) uondwnsuo) joyodly
91170 1900 1100 620°0- 2100- (snw) aisniy
G600 +850°0 8800 »GCL0 «160°0
“CE€T0 1200 6900 8€0°0 6200 (dvIN) depy
«+891°0- 800°0 1100 ~€81°0 «801°0 (1x31) el
sl10}oe} J9Y30 ‘2
9100 1500 1100 1€0°0 600 (vd) Juepooy ised
290°0- 9000 €€0°0- 600 7100 (AdL) suoneol ised oujel|
1200 «610°0 €000 7100 +€10°0
#80°0 ¥€0°0- 1€0°0- 8100 0v0°0- (1) esus0r7 Buipry
sojydeisbowap |euosiad ‘|
A d A g A d A d A g
(3s) (1s) (39) (AS) (3L
juswdinb3 Ajajeg sjun)s slolig |o4j3u0) suolje|oip paads sioui3 ouyea) sasAjeuy

"007-L pue ‘siojoey Jayio ‘solydesbowep |euosiad ‘siojoe) YN Usemiaq synsal uoissalbay G ajgel



Vol 45. No 2, March - April 2026

Determinants influencing students motorcycle travel among universitys and colleges :

A hierarchical multiple regression analysis integrating MRBQ and T-LOC

grun1sldinsasaunaanagas (Alcohol
Consumption: ALC) U1 AANUFUANUTUALEINARENTT
aztlaA1nuL32 (Speed Violations: SV) AMUAANAN®
lumiﬂauqu (Control Errors: CE) ﬂ’]i"u”U“TJIN’mINu
(Stunts: ST) uaz qﬂﬂiﬂi"ﬁamﬁumwﬂaa@ﬁﬂ (Safety
Equipment: SE) agnviiudiany (B=0.107, p<0.05,
B=0.092, p<0.05, =0.170, p<0.01, B= - 0.093, p<0.05)
wonaniimsmusinliisdy (Medicine: MED) W1
fanusunusuazsinadadataauaNUAaNaNa AT
Tud (Traffic Errors: TE) adnafitudan (B=0.129,
p<0.01) fuifastdu e 289 MRBQ wuin'laiding

NaN3AN®EN T-LOC wun tasunelu (Interality)
11938 “@2L89 (Self: SF)” AFunWwiuazaInada MRBQ
nnilavy fa anuiawaalunytud (Traffic Errors: TE)
MIazLaA0LT2 (Speed Violations: SV) ANAaWaa
lumiﬂauqu (Control Errors: CE) ﬂ’]i"u”U“TJIN’mINu
(Stunts: ST) LLa:mﬂ“ﬁqﬂﬂiﬂILﬁumwﬂaa@ﬁ'ﬂ (Safety
Equipment: SE) agafinadan (=0.217, p<0.01
B=0.180, p<0.01, 3=0.209, p<0.01, = 0.267, p<0.01
uaz =0.096, p<0.05)

T-LOC wuin UJassniswan (Externality) e
“Qm”u?fﬁu (Other Drivers: OD)” danusunusiazinade
mTudnnalum (Stunts: ST) agalivbdany (B=-0.122,
p<0.01) udita98 “UNUNMULURLFILIARDY (Vehicle and
Environment: VE)” uaziJ338 “wInada (Fate: FT)” wuin
lsifinasia MRBQ

Lfiaﬁmﬁmw‘ﬁLLiJ'imuquﬁa'cﬁ'mTwuqﬂﬂa
(Personal Demographics) NAMTALATIEHNLIN NNTATAL
maaluayuymm”ufﬁmﬁ'ﬂimumuﬁ (Riding License: RL)
Uszgumsailunisazifianganasluszoziom 3 e
41 (Traffic Past Violations: TPV) LLag Uszaumantluns
\ingu@maluszezion 3 0 AruaN (Past Accident: PA)
afleifinasdio MRBQ delaiduwldenumdsundgiulu
WAL

dyduazaidsananisive
mu’i%’ﬁlﬁi’@qﬂxmﬁtﬁa%m‘m:ﬁi’]a%’mﬁdma
FEMILAUNIMNBTNINTUULURVDINNAN T LALTINTIN
Tayadiun13Uzyndld Motorcycle Rider Behavior
Questioner (MRBQ) (Elliott et al., 2007) was Traffic Locus
of Control Scale (T-LOC) (Ozkan & Lajunen, 2005) 373
ﬁuﬁaga@i’mqﬂﬂaﬁ;ﬂﬂ Immjmﬂmms‘lumﬁ%’s fa

armaiasfiansluuniinodeAnedsluimia
mwé‘mfﬁmmm%’uﬁm%’nsmuwmﬂlﬁ W% 650 AL
wamsﬁﬂm”?ﬁﬂﬁ'Lflu"l,ﬂmumluﬁgmmu”“s%’ammsna@ﬂ
wazafdselaeoil

M3k nsdnyidafiafnw Social Media (Text:
TEXT) 2a4%nfnmisnianwiuisinade MRBQ fa
Vfﬂﬁ;ﬁ'ﬁﬁﬂ’amﬁﬂwm@lumsﬁusﬁ (Traffic Errors: TE)
waznsaziiannusy (Speed Violations: SV) 31ndi%
LLa:dawa@iamﬂ"ﬁqﬂmtﬁﬁmmmﬂaa@ﬁﬂ (Safety
Equipment: SE) #agad FoxoandasfuuwiToues
Dimitriou et al. (2018) na1INNSITINIFniNatiass
Taaa Texting vadipiulolTasdinarliiioniazida
anudr uarmsldinsewrifofevaeduifionuuiug
lunmifingtfimgainininsenusudluindnmandafinm
WRTAMHBIANY (BUYYY WYY UazAme, 2024)
s’ﬁdwqanisumﬂﬂmﬁwﬁﬁaﬁamm:ﬁu?jmaﬁﬁjuﬁLﬂu

o a

undnsfdanianiwduilingdnssuadioiuioiu
HNANBITINIANUEIAE
ﬂ’]ﬂ”ﬁlﬂ%{adﬁ‘&ll,l,aaﬂaaaﬁ(AIcohoI Consumption:
ALC) #4nasa MRBQ fia vinldliansazifiaainuia
(Speed Violations: SV) mmﬁ@wm@lumsmqu
(Control Errors: CE) LLaznwsﬁuﬁw'mINu (Stunts: ST)
WA 6’?%&Lflum'mLﬁmﬁmaa:ﬁaiﬁlﬁ@qﬁ?\mq%’ L
\# I DuBEY Moskal et al. (2012) finanafisnsd
YSunnuaanagad lwiden Gﬁuﬂuﬁa%'ﬁﬁﬁﬁﬂf‘ﬁwa@ia;ﬁuﬂi
LLa:L’ém@iamiLﬁ@qﬁam@; Lmzdawa@iamﬂﬁqﬂﬂstﬁﬁw
anNdaaany (Safety Equipment: SE) #agad
MIMUNTNIAI9TN (Medicine) s9nadia MRBQ
fa felilinANNRANANAITNAT (Traffic Errors) AN
FameandesiuwiTuuas Rudisill et al. (2016) fild
MNSNUNIWITINS TR 09I M TN U dina liaane
L?Uddamsmuqumi“ﬁ'ﬁiLLazmaLﬁﬂqﬁ'@m@;vl,@i”
lugiuwad T-LOC wuindadonulu (Internality)
Ao “do9 (Selfy’ wRasiladuidsrfigsnada MRBQ
nnilade FamoandasR U THvas Warner et al. (2010)
Awu “WOANTINALEY (Own Behaviour) FUWHSNLANT
Fusasanuaziianuuandnsainauaas Ozkan et al.
(2012) L'ﬁ‘,aaﬁnﬂﬂ@Li’h%mﬁsl,un"]ﬁ%'slvlaﬂ“ﬁmjwi'yju ual
Lﬂuﬂiz"mmﬁ;ﬂﬂLm:ﬁmﬂﬁuﬁagammwuaauvl,aﬂu
fuvaidasunanan (Externality) ﬂﬁﬁ"g"ﬁu?ﬁu (Other
Drivers)’” fwadansdudualun (Stunts) lagd1sann
Ozkan et al. (2012) Anansanswuinilads “wsuade

283



284 Savalee Uttra et al.

(Fate)” uazilady Fiwaasan (Vehicle and Environment:
VE)” &3Wasia MRBQ

YDLAWBDUWLUATVDINNA LI UIDe

nazadnsansraNsaw lultdselo oy
Baulounsuazunasmsinuaantuwthwaneld 1w wa
mﬁm:nﬁa;gaﬁ"’s"l,ﬂ 50LLﬁdwiTaa_ﬂaﬁl"svl,ﬂazwu'jwvlajdawmia
MRBQ udluanunisalvasindnmdmianwduinudl
infnilueyanedudsadnsmuendiosnnluymed
@Taa"ﬂ'u"ﬂmL%ﬂunﬂﬁu%aﬁad%ﬂumsﬂ’]ﬂuﬂgmmmrm
WITNTUUWAINOUG W.A.2522 UaTWITITUULYANIT
YUFINUN W.7.2522 FONTUATANBIAITRNNATANTIN
msm’maaw%amwﬁumsﬁ/mswnluagtym"ﬂ'u‘ﬂsn
Insenueud winwun lildvimsaassulunsverly
sunaduilAuindnmn wenniinrsfiinasmisiuld
Tnsewvifofavmeiud mismsa@ﬂﬁgﬁﬁluLLaaﬂaaaﬁLLﬁa
lidud nsdefanssuassBunnaiaudilelungenes
I@m%rg;jﬁﬁmmﬁﬁ%a%mgmuﬁLﬁﬂ';“ﬁaqmdal,a%l,l,az
lﬁﬂamflﬁmﬁ'umﬁfuﬁﬁﬂaamﬁy Wuen wazan1tn
Whnanssansaudn liwua lwunud fiasnonsle
uanmﬂﬁﬁammsmmwavLﬂﬁ'aamﬁ'umsﬁﬂmé"uq
‘ﬁ%aﬁu;’sEIG’]W?I‘Lﬁﬂ?ﬁﬂdﬁﬂﬂﬂixﬂqﬂ@ﬂﬂﬁ

iaﬁwﬁ'ﬂsl,m%'aammmmsnhmnﬁwﬁﬁﬂjuﬁ
a’mq@i"md'] 15 ﬂ"?'immsn%’uﬁsn%’mmusu@lﬂlﬁuazﬁ'uju
Alllddnunda rnafivdaysuazivadasarsadag
"L;imamqwﬁ'ﬂjuﬂﬁjwﬁaﬂdn NwITeatendnane
LﬂuﬂQwﬁnﬁnmﬁlﬁm%’mmuw@ﬁﬂu%é’ﬂ Aa nau
Ingnab/anIIne sy uazadassalunsiuiuasidilalu
m‘%aaﬁaﬁ'Lﬁunm'swﬁ”agaLLﬁﬂajuﬁfﬂﬁﬂmﬁmq 15 1
WzINMRAUNUTINYaysendaseTunedadnn
TWaziBuaundedn Lm:ﬁmﬂmiﬁam%ua:sg:dij"uslums
AoULULFaLINN a1vsdaiiimaftalunsmielizunsa
hlanazaauldadn

naaAnssnilsznie

mu”?%'ﬂﬁvlﬁ%'umsaﬁuamgunumﬂﬂamumLﬁﬁw
Inenmans 398uazwIanssy Teudszana w.a. 2567/
192607

J Sci Technol MSU

L@N&13919D9

ﬂillﬂ’s‘.UQ&JIiﬂ NITNTWEITIIUGY. (2568). w”agag”tﬁﬂ
f?mmnguuﬁmglm\muu ﬁl?ﬂi&’ﬂﬂ%’lﬂ%’lﬂ’lﬂlyﬂyﬂﬂ’li
mzmn@ﬁﬁmogmmuu (3 37%). https://data.go.th/
th/dataset/rtddi

NYNEDANIVEI. (2568). ﬁzlmurv?ﬁ;mﬂ:ﬁgﬁﬁyfﬁm
MNQUAAGN WU Unzan I T TINY Tovsfszanos
2566. NIUNIVBEINIIUN. https://web.dlt.go.th/sta-
tistics/

'S'ﬂ'gwﬂ ag’iuﬁa. (2556). MNIDANBUUULT UADUIALAA
WM. MIITVBURWAUINANGAT, 3(1), 28-38.
https://so003.tci-thaijo.org/index.php/jrcd/article/
view/93142

s wiyad, Ty F3zwans uaz e udkils.
(2024). mwmgﬂLm:ﬂaﬁbﬁﬁmﬂuéfuw”uﬁﬁumnﬁ@
2UAMNIINURIINININTEUL UG VaInAnIA
fFOUBaNTIANEY JINTaNUDINY. 7IFIITTINT
113 UFVINTH, 10(1). https://he02.tci-thaijo.org/
index.php/ajcph/article/view/264640

Aceves-Gonzalez, C., Cook, S., & May, A. (2015). Bus
use in a developing world city: Implications for the
health and well-being of older passengers. Journal
of Transport & Health, 2(2), 308-316. https://doi.
org/10.1016/j.jth.2015.04.001

Agusdinata, D. B., van der Pas, J. W. G. M., Walker, W.
E., & Marchau, V. A. W. J. (2009). Multi-criteria
analysis for evaluating the impacts of intelligent
speed adaptation. Journal of Advanced Transporta-
tion, 43(4), 413-454. https://doi.org/10.1002/
atr.5670430402

Ajzen, I. (1991). The theory of planned behavior.
Organizational Behavior and Human Decision
Processes, 50(2), 179-211. https://doi.org/10.1016/
0749-5978(91)90020-T

Cerny, B. A., & Kaiser, H. F. (1977). A study of a
measure of sampling adequacy for factor-analytic
correlation matrices. Multivariate Behavioral
Research, 12(1), 43-47. https://doi.org/10.1207/
$15327906mbr1201_3

Dimitriou, L., Stylianou, K., & Yannis, G. (2018). Capturing
the effects of texting on young drivers behaviour

based on copula and Gaussian Mixture Models.



Vol 45. No 2, March - April 2026

Determinants influencing students motorcycle travel among universitys and colleges :

A hierarchical multiple regression analysis integrating MRBQ and T-LOC

Transportation Research Part F: Traffic Psychology
and Behaviour, 58, 930-943. https://doi.org/10.1016/j.
trf.2018.07.022

Elliott, M. A., Baughan, C. J., & Sexton, B. F. (2007).
Errors and violations in relation to motorcyclists’ crash
risk. Accident Analysis & Prevention, 39(3), 491-499.
https://doi.org/10.1016/j.aap.2006.08.012

Evans, L. (2012). Human behavior and traffic safety.
Springer US.

Kline, R. B. (2011). Principles and practice of structural
equation modeling. Guilford Press.

Loehlin, J. C. (1998). Latent variable models: An introduction
to factor, path, and structural analysis (3rd ed.).
Lawrence Erlbaum Associates Publishers.

Luu, L. V., Minh, C. C., & Long, N. X. (2021). The
development of safe riding guidelines for young riders
— A case study of Phu Yen, Vietnam. IATSS
Research, 45(2), 226-233. https://doi.org/10.1016/].
iatssr.2020.11.001

Mardia, K. V., Kent, J. T., & Taylor, C. C. (2024).
Multivariate analysis. John Wiley & Sons.

Maskey, R., Fei, J., & Nguyen, H.-O. (2018). Use of
exploratory factor analysis in maritime research. The
Asian Journal of Shipping and Logistics, 34(2),
91-111. https://doi.org/10.1016/j.ajsl.2018.06.006

Michalaki, P., Quddus, M., Pitfield, D., & Huetson, A.
(2016). A time-series analysis of motorway collisions
in England considering road infrastructure, socio-
demographics, traffic and weather characteristics.
Journal of Transport & Health, 3(1), 9-20. https://doi.
org/10.1016/j.jth.2015.10.005

Montag, I., & Comrey, A. L. (1987). Internality and
externality as correlates of involvement in fatal
driving accidents. Journal of Applied Psychology,
72(3), 339-343. https://doi.org/10.1037/0021-9010.
72.3.339

Moskal, A., Martin, J.-L., & Laumon, B. (2012). Risk
factors for injury accidents among moped and
motorcycle riders. Accident Analysis & Prevention,
49, 5-11. https://doi.org/10.1016/j.aap.2010.08.021

Ozkan, T., & Lajunen, T. (2005). Multidimensional Traffic

Locus of Control Scale (T-LOC): Factor structure and

relationship to risky driving. Personality and Individual
Differences, 38(3), 533—-545. https://doi.org/10.1016/].
paid.2004.05.007

Ozkan, T., Lajunen, T., Dogruyol, B., Yildirm, Z., &
Coymak, A. (2012). Motorcycle accidents, rider
behaviour, and psychological models. Accident
Analysis & Prevention, 49, 124-132. https://doi.
org/10.1016/j.aap.2011.03.009

Reason, J., Manstead, A., Stradling, S., Baxter, J., &
Campbell, K. (1990). Errors and violations on the
roads: A real distinction? Ergonomics, 33(10-11),
1315-1332. https://doi.org/10.1080/001401390
08925335

Rotter, J. B. (1966). Generalized expectancies for internal
versus external control of reinforcement. Psychological
Monographs: General and Applied, 80(1), 1-28.
https://doi.org/10.1037/h0092976

Rudisill, T. M., Zhu, M., Kelley, G. A., Pilkerton, C., &
Rudisill, B. R. (2016). Medication use and the risk of
motor vehicle collisions among licensed drivers: A
systematic review. Accident Analysis & Prevention,
96, 255-270. https://doi.org/10.1016/j.aap.2016.08.
001

Sakashita, C., Senserrick, T., Lo, S., Boufous, S., Rome,
L. d., & lIvers, R. (2014). The Motorcycle Rider
Behavior Questionnaire: Psychometric properties and
application amongst novice riders in Australia.
Transportation Research Part F: Traffic Psychology
and Behaviour, 22, 126-139. https://doi.org/10.1016/].
trf.2013.10.005

Satiennam, T., Akapin, N., Satiennam, W., Kumphong,
J., Kronprasert, N., & Ratanavaraha, V. (2023).
Wrong way driving intention and behavior of young
motorcycle riders. Transportation Research Interdis-
ciplinary Perspectives, 19, Article 100827. https://doi.
org/10.1016/j.trip.2023.100827

Shinar, D. (2007). Traffic safety and human behavior.
Emerald Group Publishing Limited.

Stephan, K., Kelly, M., McClure, R., Seubsman, S.-a.,
Yiengprugsawan, V., Bain, C., & Sleigh, A. (2011).
Distribution of transport injury and related risk

behaviours in a large national cohort of Thai adults.

285



286 Savalee Uttra et al.

Accident Analysis & Prevention, 43(3), 1062—-1067.
https://doi.org/10.1016/j.aap.2010.12.011

Sumit, K., Brijs, K., Ross, V., Wets, G., & Ruiter, R. A.
C. (2022). A focus group study to explore risky
ridership among young motorcyclists in Manipal,
India. Safety, 8(2), Article 40. https://doi.org/10.3390/
safety8020040

Sumit, K., Ross, V., Brijs, K., Wets, G., & Ruiter, R. A.
C. (2021). Risky motorcycle riding behaviour among
young riders in Manipal, India. BMC Public Health,
21(1), Article 1954. https://doi.org/10.1186/s12889-
021-11899-y

Sunmud, S., Arreeras, T., Phonsitthangkun, S., Prom-
makhot, S., & Sititvangkul, K. (2024). Examining risky
riding behaviors: Insights from a questionnaire survey
with middle-aged and older motorcyclists in Thailand.
Safety, 10(2), Article 48. https://doi.org/10.3390/
safety10020048

Tainio, M. (2015). Burden of disease caused by local
transport in Warsaw, Poland. Journal of Transport &
Health, 2(3), 423-433. https://doi.org/10.1016/].
jth.2015.06.005

Transport Statistics Sub-Division. (2025). Number of
vehicle registered in Thailand as of 31 January 2025.
Department of Land Transport. https://web.dlt.go.th/
statistics/

Trung Bui, H., Saadi, |., & Cools, M. (2020). Investigating
on-road crash risk and traffic offences in Vietnam
using the motorcycle rider behaviour questionnaire
(MRBQ). Safety Science, 130, Article 104868. https:/
doi.org/10.1016/j.ssci.2020.104868

Uttra, S., Jomnonkwao, S., Watthanaklang, D., & Rata-
navaraha, V. (2020a). Development of self-assess-
ment indicators for motorcycle riders in Thailand:
Application of the Motorcycle Rider Behavior Ques-
tionnaire (MRBQ). Sustainability, 12(7), Article 2785.
https://doi.org/10.3390/su12072785

Uttra, S., Laddawan, N., Ratanavaraha, V., & Jomnonkwao,
S. (2020b). Explaining sex differences in motorcyclist
riding behavior: An application of multi-group
structural equation modeling. International Journal of
Environmental Research and Public Health, 17(23),
Article 8797. https://doi.org/10.3390/ijerph17238797

J Sci Technol MSU

Warner, H. W., Ozkan, T., & Lajunen, T. (2010). Can the
traffic locus of control (T-LOC) scale be successfully
used to predict Swedish drivers’ speeding behaviour?
Accident Analysis & Prevention, 42(4), 1113—-1117.
https://doi.org/10.1016/j.aap.2009.12.025

WHO. (2018). Global status report on road safety 2018.
World Health Organization.

Yu, Z., Weina, Q., & Ge, Y. (2023). Utilizing MRBQ to
investigate risky rider behavior in Chinese young
riders: Combining the effect of Big Five personality
and sensation seeking. Journal of Risk Research,
26(11), 1263—1282. https://doi.org/10.1080/1366987
7.2023.2270669



ARSI EWTIHRN WS

MiTinmmaasuaznalulad anineapamaninin fnueRuidaz 6 ady adufl 1 @nTeu-uANuD)

atiufl 2 @wiau-lwmsnon) atuf 3 (W EMaN-In UL atiud 4 (NINYIAN-Fanaw) atiuf 5 (NUNLU-QAAN)
aluf 6 (WoAdMuu-FuINAN) ;jﬁwuﬁnﬂvimmmsndouwmm%%’ﬂLﬁa%'umiﬁmsmmaaﬁuﬂﬁ laslasidas
Huanndnuazlisuiudasdanaumdngnspamanseny maswilasunsfasanlunsssesdasianszfinauls
Lflm'mﬁﬂumum'lug?tﬁw%aaaﬁmmj’l,mi Prinaay ifmﬁy‘a"ﬁaﬁ@Lﬁumﬁmmiﬁﬂuﬂsﬂwﬁ@ia;ja"m LRz
goauaui litnsdRuWinaunslunsasawanton Muiildagnivfnanaiuiluinimila unanwengn
gautas unly o JULUY wazd ANUTiNBIUTTINT M NENAIT THaT Lﬁalﬁ’nsmsﬁqmmw‘lm:ﬁummgm
snauasin lUdnede e

NSLATUNAWRIIL

1. duatiuAnilumunlnewiomesinge udatesesdasiiundadanimen nsuazmendsnge msld
M lngliBanannsldddnrnsd suriudwynenssngueunsnuesn o mfiassnn Wnandssnisdon
mendsngesantumen neludoana sncunsdiéndu wu dndimeimmsi il wedmildudvnlidnla
nedu ddninensangeidowduns inglildeninmue sniudaanns dnsuduadumendngy asld
%".Llmim'saaaummgﬂﬁawaommmn@%mmryﬁmmméﬁnqwﬁau

2. Iavadauatiy TEnTzanwrwa A4 (8.5x11 f:a) wazAnilagL sz gsvinennuaunszaEeuas 1 i
dondu 2 aaauil
3. THaUa9UIAGIeNET T InsuazmunsingulilEaisnys Browallia New
3.1 Ta5aslilEanwsn1na 18 pt. Gaviwn
3.2 %agﬁwuﬂ"ﬁé’ﬂmmm@ 16 pt. @Und
3.3 MITanaN MaNEHIVUG 16 pt. AWM
3.4 Wi 12504l TaNHIVUA 14 pt. AW

o ¥ Yo o Y = o [y g '
3.5 unaadauaziilanliaensIvwa 14 pt. @UN9 Teunaatanlslsznaudie e 5 &u Ae
= a o o & a o aa = ' ' a Ao
1) fanvesdyminnide 2) daguszadueain1ise 3) Indnwlastaudateuaguinoandua 4) Han1IITY
5) aytuazuwaminah i lddselomt Sruaudlaiu 350

3.6 BavinagwiuinfiluneazidsaTaduniimidnns uazfegvasfinusliansiawa 12 pt.
L9 uazla Corresponding author

4. fAnwusazdasdaiaiouduatulugdunuvasIng “doc” (MS Word) uaz “.pdf’ (PorTable Document Format)
5. 3IMWIBRIU ANVE1IVBILNANMN BIAITLAK 12 B F0A179 U LRZLANAITH19D4

6. yuuumMaBswduaty w2 tazinn ldun dsztnnunanunanunaddenIaunanuiae (research
article) LAZUNANNIINNINLMKENETITNFIUL 1T Wiaunanumaizims wiaunanunald wIeunaiu
U3niest (review article)

7. MIFIUNANY &I online HIWIZUU ThaiJo I@Ummsmiﬁvlﬂ@ﬁﬂa:lﬁmﬁ WWW.scjmsu.msu.ac.th

8. windaguuuulsignaaimensasezdndsfuginusinedsuunly NOWLEABIANIIAIIANIITW

q

FI919N IRNIZUIRNIIANNNAIZ




288 Vol 45. No 2, March - April 2026 J Sci Technol MSU

v
UNAIMNAVY/UNAINNIBTINTT 1ﬁlgﬂﬂaﬁﬂﬂﬁﬁﬁ/ﬂﬂﬂﬁ
#@1309 (Title) Tol309liNIM s Insuazmu8Inge a158% N2ty wazRathnanenanueasnulde ald
fea anue s 100 dranus

A wa s A ' va & @ 3 ' a ' A
i) HWNWD [Author (s)] LLﬂz‘Ylﬂ% 1mmm’n:n"[71mm:mmaanqm LL@:?:H@]’ILL%%GYI’N'J’E’]T’]’]? NWRIBITU K38

%

FONUUNFING Wae E-mail address °IJﬂdﬁgﬁW%ﬂﬁﬂ%L%daTSﬂ“ﬂE]\‘I‘Iﬁfl;’]l,l.iﬂ L‘ﬁﬂﬂ@GU??MW%ﬂ’ﬁ@W&I’TEﬂa@@iEﬂﬁ

UnAnga (Abstract) .iumIdailannuanuidenaizaslian uazliflam Usznoudis Tanuszasd HanIuwy
néay wazasd Inanmwlneuszmmange lasunAadammasngelanueildifiu 350 d1 dmiuunaade
m IneliseansaenuunaatansaIngw

o o

Ad1ATY (Keywords) nimm Insusznmmaangs hifin 5 1 Iy lihoundadevesudaznim

[

° ; & ) a o & A & @ & A o ' a g
uNs (Introduction) Luuzuduvadiien NuananuLduin waKa uazinglszsd ﬂmvl,ﬂgmm s
Wiagamﬁmmiﬁl,ﬁm*ﬂ’a\‘mﬂmimnaauLaﬂawimﬁ%’ﬂﬁ,ﬁmiﬂaﬁﬁﬂmﬁumiﬁﬂmﬁau%ﬁh

TagaUnsniuazisn1s@nmn (Materials and Methods) Wszysuazidua Jaqadnsnl fsfidhandnmn $1uam
ANBIULLANITYBINIBENINANEN 8TUNEAITANTANEN WHUNNTNARBINIRD 3'%n’13LﬁmTa§amﬁLmﬁ:ﬁl,l,a:n'ml,ﬂima

HAN1SANHN (Results) NENUNANAUNY ANUIALIUADUVBINNTIVE BENITALIW bR 1AANN KA I TUT DY
wazfianavlainnaaslddusens uddfiduas wis dudsnn adsldanmiswnupiivsznaunsneas
NANIIAN®A

a 6 . . . a < ' o o 6
39130kuaza3Uua (Discussion and Conclusion) MiafUmunamsAnsitasnuianlzaduas
= = o A A ANy A | Aa o PR A ' '

Wisuifisudusundziuwzesmsidenasld wisuandsldanuanunfignonulineuniala adqils mquala
2 , & a & v a d4 & v va & A v A o ao ) ¢ a A = o
Fnduiguiu wnzlitugiudndingeiald fanusannldaimuounsNnanuwids s lomd viafiadszidudina
M3 Sadluuuinsduniuniduae 1

@1919 31 7N wwad (Table, Figures, and Diagrams) aasaaiienanizNdndu unsnlilwitesas
lasSusdraulizenaaasnudadusluiioseas uazidatursdunmasngy Nreanunuelaaszasuiiu
natiuane dadunsageuun dudugd Mw ununi defunvagduang

fiaAnysniszn1@ (Acknowledgements) 3213191439 olaTunsaniu FuWILUIZN I NIaELEUUAI UK

=2 [} = [ = v
JINININNDI UL%ﬂaﬁl’lﬂﬂdﬂﬂﬂ@lﬁiaFﬁﬂﬂﬂﬂ

1aNa13581989 (References) szymumuananifianlisdslwasuduliviheses lavld APA style
aIdnaE9 ManIngMuazlBsauazaIain I iaLEN a7 www.scjmsu.msu.ac.th

Lanﬁﬂig’laadiﬁlﬁﬂumﬁugﬂ LUy “Publication Manual of the American Psychilogical Association”
(7" Edition)
1. wibade (lugduvuzian)

A A e oA oA A & © 4 s v A €
Fo-ana. (UAWA). Tai3a9 (Anaaf). sunAud.
A2a8Ne:

Amu gruznal. (2547). walalna-Fialna. Dadnm.



Vol 45. No 2, March - April 2026 J Sci Technol MSU 289

2. unanalunsansdidnnsaitng

%'a-aqa. @A), Faunena. 582135719, 18228957 (18vVeIRTLR), Wi, /https:/doi.org/iaudoi

A10819:

AU FUTWHUU. (2549). ﬂafﬁ'ﬂﬁe'mLa'%um‘s%'@miﬁﬂmﬁduNa@iaqmmwﬁnL’%fslusl,umﬂ@ﬁuaamﬁmmﬁa. 9817
AIMFAT, 18 (2), 115-116.

3. 518911315871 B9IB1N5 (Proceeding)

A oA ry a A o o A ) £y

Fo-ana. (@). Teunana. lwseussaninms (u.n.), Fewaganistszgn. Fanarszgy (. tnawi). :1uTays.
A10819:

WITIN auATIT. (2553). nsdnsm ldiuquansuzdudianfdrssdludsznaniads wazfalds dnw

= = . an o a o = =3 a
I@]ULﬂiUﬁJL'ﬂUUﬂUﬂiZLﬂﬂVLV]U. 1% AITL NITYIVIR (u.n.), ﬂ??WﬂLﬂﬂﬂu@MﬂVWﬂ')iﬂﬂH?,Z‘VIEI. ﬂ']?l/?&"%f&l?‘iﬂﬂ’l?
UASINEUNT NRIIBIDUIZAUTIA (. 97-102). ﬂmm?mam% qwmamrﬁum%wmﬁ'ﬂ.

@ 6 % 6 I
4. viaRafunLaznisdananaowla

a N e A a o & A e A A ¢ @
TORNA. (‘]J, /'J%/L(ﬂau). TOADANNW. TORUIFDANUN, LRVAW.

]
A2089:
3 a a aa & g A4 an o & A o v 2 o aa G oa I3
WIBWTIOL YQIRA. (2561, 15 Famaw). aathdN|sq: FaAiRsAm \Tew gamdy e ARG BUNIUG.
\ARTI, 4.

o a a ¢
5. W9 &D (GLME‘IJLL‘]J‘.IJBLaﬂYIiEl%ﬂﬁ)

'
)

7o ana. (UAuW). Fai309 (Muviaaf). URL

A29819:

NIENTNANMIINT. (2560). nangaIn13ANLgus WnsAnTIT 2560 F193LLGNE1Y #1131 3-5 7. http://drive.google.
com/file/d/1HiTwWiRh1Er73hVYIMh1cYWzQiaNI_Vc/view



Intruction for Authors

Research manuscripts relevant to subject matters outlined in the objectives are Accepted from all institutions and private

parties provided they have not been preprinted elsewhere. The context of the papers may be Revised as appropriate
to the standard. The manuscript must be interesting topic, review knowledge, modern knowledge, and academic
comments that are beneficial to readers. The journal publishes 6 issues a year. Vol.1 (January-February) Vol.2 (March-
April) Vol.3 (May-June) Vol.4 (July-August) Vol.5 (September-October) Vol.6 (November-December).

Preparation of manuscripts:

1. Manuscripts can be written in either Thai or English with the abstract in both Thai and English. The use
of Thai language adheres to the principles of vocabulary, transliteration in English according to the principles of the
Royal Society of Thailand. Manuscript should be specific, clear, concise, accurate, and consistent. Mixing Thai and
English should be avoided except for the case of necessity, such as academic vocabulary with no translation or mixing
words for easier understanding. English vocabulary written in Thai must use all lowercase except for unique names.

English language manuscripts should be checked by an English language editor prior to submission.
2. Manuscript should be on A4 standard size paper. Each side must have 1” margins with 2 columns.
3. Browallia New font is required with font size as follows:
3.1 Title of the article: 18 pt. Bold
3.2 Name (s) of the authors: 16 pt. Unbold
3.3 Main Heading: 16 pt. Bold
3.4 Sub-heading: 14 pt. Bold

3.5 Body of the text: 14 pt. Unbold, The abstract should consist of 5 parts: 1) the origin of the
research problem, 2) the objectives of the research, 3) a brief but detailed study method, 4) the research results,

5) a conclusion and guidelines for use.

3.6 Footnotes for authors and their affiliations: 12 pt. Unbold, must be cited at the bottom of the first

page. Academic position and corresponding author must be added at footnotes.
4. Manuscripts should be typed in MS word “.doc” and “.pdf” (PorTable Document Format)
5. The number of pages are limited to 12 pages, including references, Tables, graphs, or pictures.
6. Types of manuscripts: research articles and review articles.
7. Manuscript submission: online submission via www.scjmsu.msu.ac.th.

8. Manuscript with uncorrected format will be sent back to the author before review process which can

delay the publication process.

Research article / review article must be in sequence as follows:
Title: denoted in both Thai and English, must be concise and specific to the point, normally less than 100

characters.

Name (s) of the author (s): denoted with affiliation must be in Thai and English, academic position must be

specified, and email address for contact the author.

Abstract: This section of the paper should follow an informative style, concisely covering all the important
of findings. The abstract must include objectives, findings, and conclusion. Thai and English abstract is required. The

English abstract is restricted to 350 words. Thai abstract should be relevant to English version.




Vol 45. No 2, March - April 2026 J Sci Technol MSU 291

Keywords: Give 4-5 concise words to specify your article

Introduction: This section is the initial part of the article, contain information about background, reasons,

purposes, and review section.

Materials and Methods: A discussion of the materials used, and a description clearly detailing how the

experiment was undertaken, e.g., experimental design, data collection and analysis, and interpretation

Results: Present the output. Li the information in complicated, add Tables, graphs, diagrams etc., as

necessary.

Discussion and Conclusion: Discuss how the results are relevant/oppose to the objective and hypothesis.
How the result is different/relevant when comparing to the former findings. Give us your reason why result is like that
base on reliable researches. This part should end with suggestions for research utilization or providing questions for

future studies.

Tables, figures, diagrams: Selected only necessary objects to insert in the body of manuscript in accordance
with the description in the text. The short description is required in English with completely meaningful. For figures

and diagrams, the description is below the picture. But, for Table, the description is on top of the Table.

Acknowledgement: the name of the persons, organization, or funding agencies who helped support the

research are acknowledged in this section.

References: listed and referred in APA.

Reference are written in “Publication Manual of the American Psychilogical Association”
(7" Edition)
1. Book

Mertens, D.M. (2014). Research and evaluation in education and psychology: Integrating diversity with quantitative,
qualitative, and mixed methods (4" ed.). SAGE.

2. Academic Journal

Herbst-Damm, K.L., & Kulik, J.A. (2005). Volunteer support, marital status, and the survival times of terminally ill
patients. Health Psychology, 24, 225-229. https://doi.org/10.1037/0278-6133.24.2.225

3. Conference Proceeding

Katz, I., Gabayan, K., & Aghajan, H. (2007). A multi-touch surface using multiple cameras. In J. Blanc-Talon, W. Philips,
D. Popescu, & P. Scheunders (Eds.), Lecture notes in computer science: Vol. 4678. Advanced concepts for
intelligent vision systems (pp. 97-108). Springer-Verlag. https://doi.org/10.1007/978-3-540-74607-2_9

4. Newspaper / Online Newspaper

Brody, J.E. (2007, December 11). Mental reserves keep brain agile. The New York Times. http://www.nytimes.com

5. E-book

Dahlberg, G., & Moss, P. (2005). Ethics and politics in early childhood education. https://epdf.tips/ethics-and-politics-

in-early-childhoodeducation-contesting-early-childhood.html






Mahasarakham University Journal of Science and Technology

Aim and Scope:

The Journal of Science and Technology aims to disseminate
of scientific knowledge in the discipline of Mathematics,
Science, Technology, Engineering, Agriculture, Medicine,
Health Science, Interdisciplinary in science and tehnology.
The journal publishes both research article and review article.

Ownership

Mahasarakham University

Editorial Office

Division of Research Facilitation and Dissemination,
Khamriang Sub-distict, Kantharawichai District,
Maha Sarakham Province 44150

Tel & Fax: 0 4371 9827 ext. 1754

Advisors

President of Mahasarakham University
Professor Dr.Visut Baimai

Professor Dr.Vichai Boonsaeng
Professor Dr.Peerasak Srinives

Editor-in-Chief
Professor Dr.Preecha Prathepha

Assistant Editors

Professor Dr.Pairot Pramual

Mahasarakham University

Professor Dr.Sirithon Siriamornpun
Mahasarakham University

Professor Dr.Anongrit Kangrang
Mahasarakham University

Associate Professor Dr.Worapol Aengwanich
Mahasarakham University

Associate Professor Dr.Vallaya Sutthikhum
Mahasarakham University

Associate Professor Dr.Orawich Goompol
Mahasarakham University

Assistant Professor Dr.Somnuk Puangpronpitag
Mahasarakham University ®

Editorial Board
Professor Dr.Thaweesakdi Boonkerd ®
Chulalongkorn University
Professor Dr.La-orsri Sanoamuang
Khon Kaen University

Professor Dr.Pranee Anprung o
Chulalongkorn University Professor
Professor Dr.Niwat Sonoamuang
Khon Kaen University

Professor Dr.Wongsa Laohasiriwong
Khon Kaen University

Professor Dr.Kwanjai Kanokmedhakul
Khon Kaen University

Professor Dr.Sirikasem Sirilak

Naresuan University

Associate Professor Dr.Sunan Saikrasun
Mahasarakham University

Associate Professor Dr.Suwanna Boonyaleepun
Khon Kaen University

Associate Professor Dr.Chantana Aromdee
Khon Kaen University

Associate Professor Dr.Boonchong Chawsithiwong
National Institute of Development Administration
Associate Professor Dr.Porntep Tanonkeo

Khon Kaen University

Associate Professor Dr.Narumon Sangpradub
Khon Kaen University

Associate Professor Dr.Chawalit Boonpok
Mahasarakham University

Associate Professor Terdsak Khammeng
Nakhon Phanom University

Associate Professor Yuen Poovarawan
Kasetsart University

Associate Professor Dr.Natapol Pumipuntu
Mahasarakham Universsity

Assistant Professor Dr.Napparat Buddhakala
Rajamangala University of Technology Thanyaburi
Assistant Professor Dr.Anucha Pranchana
Ubon Ratchathani Rajabhat University
Assistant Professor Dr.Seckson Sukhasena
Naresuan University

Assistant Professor Dr.Walaiporn Tongjaroenbuengam
Mahasarakham University

Assistant Professor Dr.Alongkorn Lamom
Mahasarakham University

Dr.Rakjinda Wattanalai

Siam University

Secretary
Director of the Division of Research Facilitation
and Dissemination

Assistant secretary
Phakwilai Janloy
Jirarat Puseerit

Six issues per year

Number 1 January-February
Number 2 March-April

Number 3 May-June

Number 4 July-August

Number 5 September-October
Number 6 November-Decembers



o

-~ % = INDEXED IN

- 2 N 7

T




