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The development of braised milkfish (Chanos chanos) in soy sauce standard recipe
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Abstract

Milkfish specimens under the age of 8 months typically exhibit a smaller size and a significant proportion of bones in
their flesh, which presents a challenge in culinary applications. The objective of this research is to develop a standardized
recipe for braised milkfish in soy sauce that results in a more tender bone texture. The descriptive data on the physical
characteristics of fish were collected. The physicochemical properties of braised milkfish in soy sauce, including
moisture content, color value (L*, a*, b*), and Texture Profile Analysis (TPA), were determined. The sensory evaluation
was applied to determine the preference of the standard recipes using 9-Point Hedonic scale and a just about right
(JAR) scale. Nutritional value was evaluated according to Thai nutrition labeling standards. The results showed that
the standard recipe for braised milkfish had a moisture content of 59.59%, and the color values L*, a*, and b* were

38.47, 6.08, and 14.58, respectively. The hardness value was 110.47 N, while gumminess and chewiness, which
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indicate the texture during chewing, were 50.87 N and 29.03 N, respectively. Sensory liking scores for overall

appearance, aroma, taste, flavor, texture, and overall liking were 8.7, 8.4, 8.6, 8.3, 7.6, and 8.0, respectively, on the

9-point hedonic scale. The nutritional values according to the format of Thai nutrition labels showing this recipe (Serving

size 125 grams) provided a total energy of 190 Kcal, 21 grams of protein, 50% of calcium, and 10% of iron. However,

the recipe showed high sodium (40% of the daily value) and cholesterol (37% of the daily value). This research

demonstrated that the potential for using small-sized, bone-rich milkfish to produce a braised milkfish in soy sauce

had high sensory preference scores, high in protein and calcium content.

Keywords: Milkfish, Chanos chanos, braised milkfish in soy sauce, soft bone fish recipe
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Sommarat Klumklomijit, Marasri Jansi, Phatchara Phiriyaphorn,

J Sci Technol MSU

wazaNTaulayIIN (Overall liking) I@ﬂ;}t%;m“mzy (v
fivsznauamistua s lsounsuamalngeunisiani
mu%u"l,ﬂLLazﬁawqawuas}'}aﬁaﬂ 5 T) 9wIn 10 7w
lunszviumneseumidszaniuiandadusiandan
WIRTUNTNLLAHIUATZLIUMIRNTHINNAUSAITINANT
PorrmmATulunusdumineniviiie wailususes
JFurranlunnwd RSUERB2022-018 lasgithiaaidedu
Hﬂﬂaﬁﬁmﬂqm’mﬂ’j’l 18 %al,ﬂﬂf%'ml,a:mﬂ%'uﬂi:mu
NamMsamIUszAndawiadunsnzia/Adansianines
lifidsi@nsuidan uazdunanlumansanns §3de
Iudasunsy ToyafiansdsnadagunwliEidemaiy
NIUNBUMINAREL LT1 i’@qauﬁiﬁum:mumma@ﬁ
Jauduamsnemaunld uaziipazu@ninasauriug
Lﬁa;jl,%mmryﬁmmﬂ%uﬂ'm WIaVDIMIIUNIINDINS
AINE

4. msﬂsuﬁu@m@hmafn%mm‘maaﬁﬁn

msﬂizLﬁuqmmmﬂnmmmimwgﬂmeu
pasaanlnTunsvasizinalngvasnudspiinmue
ruwmyBezRanusumtesd jianmanans ez ne)
éTﬂdEav%ugwu@"m’?%mi"uad AOAC (2019) "M Itlaziiin
AUAIMIlNTUINIWIN 15 TemMIaunsaudaya
Tnownms wielfugesduasnlnoauins léurd wsenm
ﬁy’d%m] (Total Calories) WEIUN LT (Calories from
fat) mﬂu"lmm@ﬁv'mm (Total Carbohydrates in clued
dietary fiber) (by different) lus@u (Protein) / Total Nitrogen
vL“]JﬁuYalZ\‘l‘mm] Total fat) VLmﬁuéw@fa (Saturated fat)
ABLFLAB3D8 (Cholesterol) l/a1mns (Dietary fier) #1Aa
Fanua (Total sugar) 3e13in ta (Vitamin A) 3anlw D1
(Vitamin B1) 3andu 92 (Vitamin B2) loi@ay (Sodium)
uAALTaN (Calcium) WAZLAAN (Iron)

5. MTIATILANWEDA

;ﬁ%’ﬂﬁﬁmmmaﬁaﬁlﬁumﬁmﬁz‘v?
leun fads (Mean) @hmmﬁml,uummgm (Standard
Deviation) &1AIUAZLWWAINTAULBINITANBIUTNH
INR8 3 3261 "Léﬁmiﬁzﬁm']mmsﬂmmaﬁayjammﬁﬁ
3T Analysis of Variance (ANOVA) lagidSauiiisuen
LQ'EI‘EILLU‘.LI Duncan’s New Multiple Range Test (DMRT)
e?’m%fwﬁ’agamsmaauqmauﬂamoLﬂﬁmymwmauf‘za
Uawiaduninziaannnsdudsuaznisisladasey



Vol 44. No 6, November-December 2025 The development of braised milkfish (Chanos chanos) in soy sauce standard recipe
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Figure 2 Braised milkfish in soy sauce at serving size:
250 g. (Drain wt. 200 g.)
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Table 1 Liking score of braised milkfish in soy sauce

(Basic formular)

Attribute Liking score
Appearance 8.1+0.63
Odor 7.5+0.82
Sweet 7.7+0.82
Salty 6.5+0.78
Sour 7.8+0.76
Flavor 7.5+0.82
Texture 5.7+0.67
Overall liking 7.8+0.84

Data are expressed as meantSD (n = 10)

Table 2 The result of just about right scale (JAR) of

braised milkfish in soy sauce (Basic formular)

just about right scale

Net

: Much Just Much
Attribute uc Too s Too uc effect
too about too
light strong
light right strong
Odor 90% 10%
Sweet 10% 70% 20%
Salty 60% 20% 20% 40
Sour 20% 80%
Flavor 70% 30%
Texture 50% 50% 50

miﬁwmgﬂﬁwzﬁ 2 lalizaznannsau
ezl RTUN LA uE D7 15 F2lug mngmﬁ
SL%ﬂmuﬁ"'svl,ﬂ 7 $alus (wgnwn 87N, 2559) U
ma%’mi‘mmﬁﬁwLmuﬁi’wéhﬁﬁawﬂ”'mLLﬁaﬂdwﬂm‘gmn
FaslFanduisrwiunin 3sezmunsarinlimsfivauso
Ussmusensiaodld Wenasaumelseandudads
waasly Table 3 WUNUamaTuninzadudsan 3 gas
IdazuuuaNuTaLM UG Mundu MusEnd
W uasi3en sunduse wasilesudliuandn st
adIUREEATYNIIFDE (p>0.05) LAAZUHUANNTOUA
AN uazanuTeulaTINvaIgas F1 (qmﬁugm)
IenzunuANUTauR 6.8 Uaz 7.1 anwaney Sertasnin
893 F2 uaz F3 ageldu@manneadd (p<0.05) Tagdi
ATUUUANNTO U UIRTIALANUALANNTAL B TINY DY
§03 F2 uaz F3 Liuandranuadaliesanyniaaia
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(p>0.05) %dﬂumummmauﬁwmamwaLﬁwadgm F2
LAY LAY F3 61 8.1 WAz 8.4 aMUAIGL WAZAZLIALAIN
maulﬂﬂsaumaagmi F2 uaz F3 361 8.1 1Az 8.0 ANAGL

Table 3 Liking score in three formulations of braised

milkfish in soy sauce

Attribute Liking score
F1 F2 F3

Appearance 8.2+0.63° 8.3+0.67° 8.2+0.67°
Odor 7.7+£0.82° 7.8+0.63° 7.9+0.56°
Sweet 7.5£1.17° 7.7£0.94° 7.7+0.67°
Salty 6.8+0.78° 8.1+0.73° 8.4+0.52°
Sour 7.6+0.84° 7.7£1.05° 7.7£1.25°
Flavor 7.6+0.84° 7.5+£0.84° 7.7+0.93°
Texture 7.8+0.78° 7.8+0.78° 7.9+0.56°
Overall liking 7.1+0.51° 8.1+0.66 ° 8.0+0.81°

F1 means 20 g of salt; F2 means 15 g of salt; F3 means 10 g of
salt. Within a row, the average values with different letters are
significantly different (p<0.05). The values are expressed as
meanSD (n=10).

Table 4 The result of just about right scale (JAR) in three

formulations of braised milkfish in soy sauce

just about right scale

Attribute Much Too Just Too Much Net
too about too  effect
light light right strong strong

F1 90%  10%
Odor F2 90%  10%
F3 20% 80%
F1 10% 70% 20%
Sweet F2 10% 70% 20%
F3 10% 70% 20%
F1 60% 10% 30% 20

Salty F2 70% 20% 10%

F3 10% 80% 10%

F1 20%  80%
Sour F2 10%  90%

F3 100%

F1 70%  30%

Flavor  F2 80%  20%

F3 10% 80% 10%

F1 100%
Texture F2 90%  10%

F3 10% 80% 10%

F1 means 20 g of salt; F2 means 15 g of salt; F3 means 10 g of

salt.
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NINARAUMLFNAIAAMUNDG (JAR) ¥
§03 F2 uwaz F3 fdranunedlaslidasdsugasasunn
ANt (@Tmna'u FUTETERNG 1Y uaztd3n SunaL
58 wazLitody FIR) Gauaadli Table 4 Fornuiiafiansanen
AZLUUANUTOLTINALAIANUNDA HITBAALRANGAT F3
Fsfazunuanuzeulagiud 8.0 (sxdusouann) uasd
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Iuﬂﬁiﬂ§aiﬁa1ﬁ1§%dﬁ]$ﬁdNﬂlﬁﬂ@]ﬂ%&l’]ﬂﬂ%ﬁF.I&Ji%iﬂ‘lﬁ’li
Okl

(1.3) namauguFNTANIILATNIBAIN
(Physicochemical properties) ﬁnﬂ@fﬁ'ummgmﬁﬁ@umvlﬁ
wensznsEIuaditoladugsn usdinvesindudsn
(W89LHA7) WUINEIBVaILEedaduEEaTdauT Y
(Moisture content) 388182 59.59 Wounineanutuvedtite
ﬂmﬁﬁaqnamaﬁﬁfﬂéwﬁ@maaﬁa (p<0.05) GUATTFWL
Fuitoradugsafiananuaing L winfiu 38.47 @nduas
a* YTy 6.08 uazenFWaas b* iniu 14.58 1faid3oy
Wauny Lﬁaﬂaﬂﬁﬁdqﬂﬁmmma’m (L*) woanin luveoue
Afdranudndues (a%) wazArnnududindes (b%)
NN INBENIREEAYNIRDR (p<0.05) AUANHIAZINK
efuialandudsafiafivsuenainuuds (Hardness)
WAL 110.47 N @nn38aLNNe (Cohesiveness) WaZAINNT
fafa (Adhesiveness) W¥inNU 0.41 uaz 1.37 ANE1AU
Aanuliangu (Springiness) LYINAL 0.58 fnAuLEike?
W uens (Gumminess) uazaNLnie (Ch ewiness)
Wiy 50.87 uaz 29.03 anwaneiu Wiai3uuifisuiuiia
ﬂmﬁﬁaqﬂuﬁaa:ﬁmmﬂﬂdwamaﬁﬁﬂé’\ﬁtymmﬁa
(p<0.05) 3s1saRsmslFusslumadpafisnninlasianis
Afitanananuud (Hardness) Yasguiiotadonanslu
Table 5

Uswsduninsaduisisnidusasnan
LEAsFATIRANANNEINg L* iy 21.83 enduas a*
Wi 1.16 WaSAELRRY b* 1IN 0.79 Jaanunite
LYINTU 6.90 cP @1 pH YA 5.01 AanalAusasas 25.8
WazAIAANIN 29.0 Brix dauaadlu Table 6

Table 5 Physicochemical properties of braised milkfish

and steam milkfish

Characteristics Braised Milkfish in Steamed
soy sauce Milkfish

Moisture content 59.59+0.61° 70.87+0.59°
(%)
Color
L* 38.47+2.32° 75.77+1.51°
a* 6.08+0.45° 5.59+0.54"
b* 14.58+1.91° 7.59+0.29°
Texture profiles
Hardness (N) 110.47+8.07° 75.02+0.95°
Adhesiveness 1.37+£0.14° 0.03+0.00°
(N.sec)
Cohesiveness 0.41+0.02° 0.19+0.01°
Springiness 0.58+0.04° 0.46%0.01°
Gumminess (N) 50.87+2.36° 17.87+0.49°
Chewiness (N) 29.03+2.74° 9.20+0.68"
Resilience 0.15+0.02° 0.07+0.01°

Data are expressed as meantSD. (n = 6 for moisture content;
n = 8 for color; n = 8 for texture profiles), Values with the different

superscripts in each row are significantly different (p< 0.05).

Table 6 Physicochemical properties of soy sauce

Characteristics Soy Sauce

Color
L* 21.83+0.02
a* 1.16+0.03
b* 0.79+0.03
Viscosity, cP 6.90+0.21
pH 5.01+0.02
Salinity, % 25.8+0.82
‘Brix 29.0+0.45

Data are expressed as meanSD (n =15 for color; n =5 for viscosity)

Tunsnasasiinuindaldanuioududan
11800 100 asaoatus NUWINITLAEIY A
ma%’um‘mmﬁw%g’a@iavlﬂ@hsvlwaauﬁqmﬁgﬁlﬂzm:u
Taivhin 70 sseumafos Tuszoziaan 15 $alus sanado
msmﬁﬂuuﬂmqmauﬁ’ﬁmamﬁmsmw LATA AN BT
medseanuiaveslamaiuninsadudsle el
fAYN9RNG (p<0.05) Tasawnzfio3ouisuiulm

529



530

Suthida Kitjavorasatien and Nantida Dangkhaw
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Table 7 Liking score of braised milkfish in soy sauce.

Characteristics Liking score
Appearance 8.7+0.66
Odor 8.4+0.88
taste 8.6+0.55
Flavor 8.3+0.70
Texture 7.6+0.70
Overall liking 8.0+0.78

Data are expressed as mean+SD (n = 10)
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Table 8 The nutrition facts of braised milkfish in soy sauce.

Nutrition Facts

100 g. of sample

Total energy, Kcal 144.70
Energy form fat, Kcal 16.38
Total fat, gm. 1.82
Saturated fat, gm 0.73
Cholesterol, mg 87.09
Protein (factor 6.25), gm 16.45
Total carbohydrate, gm 15.63
Fiber, gm 0.86
Sugars, gm 13.61
Sodium, mg 644.81
Vitamin A, mcg RAE 40.24
Vitamin B1, mg 0.053
Vitamin B2, mg Less than 0.020
Calcium, mg 309.95
Iron, mg 1.10
Ash, gm 3.45
Moisture, gm 62.65

d7Unan13Ive
Usmwaduninzaidamainlisansanaams
AawinanysznateanmislainansandansUsznaueanwng
Mumadawiniuninziadudss Tasdfouaigui
Waldw L'ﬂuﬁalau%‘umaa;ju‘%lmﬁﬁmuuumwmau
ooy szduTeuann dudayanimasinlnrwimadan
WInTuNMzIadudsiawasuleniu 125 n¥u @
1 ¢) Twasounanue 190 Alaunass Iwlusdugatia
21 n3u wimqmaniasas 10 Tasiawnzagnsdsunaiden
§9fl930az 50 wafidaarssziiseslndousouss 40
LazRaLaaasaniana: 37 agnalsimusunnsatmsit
Tvwdssnuen luduen gawludanlusdu uazfiuaaiBong

[

Fadurnunsamismadsnanmabtuaiwiadunsidn

€

a

1009

naansIInlszne

mu’i%ﬂﬁ"lﬁ%‘unuaﬁumgumn%méTqu%mmﬁ
LLa:VL@T%Tumsaﬁua%uifmqaumnquﬁ‘i%‘ﬂLLa:ﬁ@ummi
wangmé‘mfﬁwwﬁuwmﬁ HIT0UDUBLAINT Th
Tomail

v a

LaN&d1IIDNdaY

a a & Ao o € A o

INWT AaaT U, Tnan #lyna, wuria \Wasasily,
Fansad uauwsy uazwnua (Dude. (2566). ng
ﬁwmq@mmsna’aa‘wé’aa'lu@f'mﬂa'lwﬁvlwﬁamu
JUUN. 279973798 unInenaeinaluladnvuing
AT, 15(1), 121-132.

BUTAN WA, (2561). MINAWINAAN UNLFUABLAL?
mmJmma%’uwﬁa‘%uamiwwada\ju. 213817
Snenmansuazinalulad, 26(8), 1311-1324.

w A L4 Q gfy = =

TUTON wed, Usewall naadadwail, a5y que

o £ 5 ' a A
uazlausadl nanaeNiIng. (2566). HaVBIUSINMNRE
1um:mumwﬁﬂ@iaqmmwmaaﬂméfumnﬂm

> 6 a 6
WIRTUNINZLR. 219815TNYIMIFAIY TN, 28(2),
848-864.

aa o (4 A o 6 =1 a A

f57aint wdiant. (2553). mafnwmaesaiulavas
Uaruaaduniinagvargarmadalutaau [USyan
Anusineneaasodia, ¥ninanaoudlal.

WON® §INGY. (2559). NATBINIAINSIRANTOUGD
é‘ﬂwm:mamﬂnﬂwmaaﬂmgﬁuLﬁmlumsﬁgﬁmﬁ%
NOININGD. 11T ITUNULABAT, 44(2), 257—264.

531



532 Sommarat Klumklomijit, Marasri Jansi, Phatchara Phiriyaphorn,

Suthida Kitjavorasatien and Nantida Dangkhaw

udh Il 2eduan. (2555). WKa 1M1 IINURIGNAUNTIE
Aularaem. finwzusisniaguan .

T73 asTad uazeIITIm AIWUL. (2558). MIR@NI
NANAM91nUA1%I89%N3 (Chanos chanos, For-
skal) (smmuwamﬁ%’mﬁuﬁ 8/2558). NBIITLILLAL
ﬁwqumm%mwé’mﬁw nyuszal.

AOAC. (2005). Method 950.46. In W. Horwitz (Ed.), Of
ficial methods of analysis of AOAC International (18th
ed.). AOAC International.

AOAC. (2019). Method 937.09-981.12. In W. Horwitz
(Ed.), Official methods of analysis of AOAC Interna-
tional (21st ed.). AOAC International.

Bagarinao, T. U. (1991). Biology of milkfish (Chanos
chanos Forsskal). Aquaculture Department Southeast
Asian Fisheries Development Center (SEAFDEC).

Bindu, J., Ravishankar, C. N., & Srinivasa Gopal, T. K.
(2007). Physico-chemical and microbiological chang-
es in farmed pearl spot (Etroplus suratensis) during
iced storage. Journal of Food Science and Technol-
ogy, 44(5), 469-473.

Chaijan, M., Panpipat, W., & Benjakul, S. (2010). Phys-
icochemical properties and gel-forming ability of
surimi from three species of mackerel caught in
Southern Thailand. Food Chemistry, 121(1), 85-92.

Chansomboon, C., & Chankajornkul, S. (2023). Produc-
tion of biodegradable film from milkfish (Chanos
chanos, Forskal) skin gelatin. In Proceeding of the
Annual Conference on Fisheries 2023 (pp. 70-79).

Freyhof, J., Sparks, J. S., Kaymaram, F., Feary, D.,
Bishop, J., Al-Husaini, M., Almukhtar, M., Hartmann,
S., Alam, S., & Al-Khalaf, K. (2019). Chanos chanos.
The IUCN Red List of Threatened Species 2019:
e.T60324A151598011. https://doi.org/10.2305/IUCN.
UK.2019-2.RLTS.T60324A151598011.en

Malle, S., Tawali, A. B., Tahir, M. M., & Bilang, M. (2019).
Nutrient composition of milkfish (Chanos chanos,
Forskal) from Pangkep, South Sulawesi, Indonesia.
Malaysian Journal of Nutrition, 25(1), 155-162.

Meilgaard, M. C., Civille, G. V., & Carr, B. T. (2007).

Sensory evaluation techniques (4th ed.). CRC Press.

J Sci Technol MSU

Pokorny, J., & Davidek, J. (1986). Application of hedonic
sensory profiles for the characterization of food qual-
ity. Die Nahrung, 30(8), 757—763.

Rothman, L. (2007). The use of just-about-right (JAR)
scales in food product development and reformula-
tion. Consumer-led food product development.

Rothman, L., & Parker, M. J. (2009). Just-about-right
scales: Design, usage, benefits, and risks (ASTM
Manual MNL63). ASTM International.

Zhang, Z., Pham, H., Tan, Y., Zhou, H., & McClements,
D. J. (2021). Investigation of protein denaturation and
textural changes of Atlantic salmon (Salmo salar)
during simulated cooking. Food Biophysics, 16,
512-519.



a % [ a 1 A A 20 1 [% [ o e ~
ﬂ'liizlt!‘ﬁ%ﬂﬂ%'lLﬂ&li%‘ust')m‘ﬂ'\‘ﬁ'\ﬂLﬂ%‘n&lﬂ']ﬁ'ﬂ%ﬂ“ m’;qanizm% YIRIAIBNUI

Q

Taalgaduaunilan
Species identification of marine crabs in reforested mangrove at Kung Krabaen Bay,

Chanthaburi Province, using DNA barcodes

159709 nIuritygia”, gann quga’ uaz 1811 §3171°
Wirangrong Karinthanyakit', Chutapa Kunsook' and Saowapha Surawut'
Received: 28 October 2024 ; Revised: 2 December 2024 ; Accepted: 15 January 2025

Q/ 1
namga

o z dl ' ' o v A K o € ' % =3 '
nmsmanuAuiTsanlulssndlng gI0anIznUrI A NURaINRANENIIBINTNAAR TWIFaTagauiaue?
. e e e e Adq X dda e . - - ¥ o
AINTEILB WNIATUNY3 Lﬂmuﬂuwuﬂ‘numiammimamsﬂgﬂmmmau WAEMIANEIANURANTRATIYUAN

a > 1 YV & Qs :04 =S o =1 £ o a qs = % a v Y
uwsnadindnmaninlfidudiiafmnusiiavedlasmsld laonsduunsiiaduiduludagiuiimilidays

% 1 > > Q/ 4 v Y { U I} o AI 5 H a =
MINUINITUTINALANHULNIFUT I Lﬁasl,ﬁ'lmayaﬁﬁmmgﬂmaLmummﬂmmu lasannyuaziiadiinsmenig
[ dl v S o a e gdu [ .:l =3 val & 2 a % I a ' dltzl
Fuguiiaaoafanu msmmummqﬂs:maLwaﬂﬂmmﬂmLaummﬂﬂ@msxymumalmLﬂulumnmmmmau‘nu
mifuyenginsznun niaduny’ launsdenesdanduiiaadlalndvasiiu Cytochrome oxidase subunit I (COI) lu
auavaslunaaness Lﬁai:qmﬁ@gmﬁnﬁmﬁmu 58 §9E19 HANMTITINUINRINITOLANUS I A LAWLE LEI U8
g col laumnasia PCR LLa:Vlﬁﬂﬁa%Jaﬁwé’uﬁuﬂﬁiavlwﬁmadgﬁﬂLﬁu‘qﬂé’hama LﬁauﬁﬂuLﬁmuﬁagaﬁugﬂﬁmmﬁmmo
Unudayamianugnywlugiudoyawugnisu GenBank wui1 sansnszysfiayldinuwiu 11 oiia las 10 vila S
AMUARHARININUINTINGIN 97.26% — 100% ldun Y113 (Scylla paramamosain) Yi24 (S. tranquebarica) 16N
(S. olivacea) Ysh (Portunus pelagicus) YAWMAAN (Thalamita crenata) Unzaauuas (Charybdis affinis) yJinasn
(Venitus latreillei) glﬁﬁ"]ﬂ@l (Myomenippe hardwickii) Juilss (Varuna yui) uaziiaaiwurin (Clibanarius longitarsus)
saudn 1 wila Aadullulsl (Neodorippe callida) lsinvtayaaduiianilalnduasiu col lugudaya anunanada

qs =3 g ISI 1| tild ‘g ' U til =1 g: g o a g: a v A a

ma\‘lymLﬂuluwuﬂmmmauwumsﬂuvjmaaémQ\‘mi:muﬂwulumwﬂmmm 1% 11 Thatin Aanulnaifssiy
. o 1A X 4. o e 4 - 4
mmumuﬂgﬂwuluwuwmmsJLauﬁﬁmwmaamaqdﬂszmuwwummu 13 T LLazgmLa‘luaqa Scylla Gn\‘u,ﬂug
wrsgiin wulunsfinmasafiarwin 3 afia anfliesdnonuwuiiie: 1 oiie 1nuanAToagdld Gdueunilde
' A A o P % = v A A X 4. A A o A o X A
*mUqummmauu’l,umss:qf’ﬁu@gmLﬂwvlmﬂuamm mm%mﬂ**nu@"uaaaalﬁl,uwuﬂmmULauWuw“ﬂulﬂammﬂuwuﬂ
FITNTG Lﬂuaa‘ﬁﬂauaﬂﬁam’mqﬂmuymimaaﬁuﬁﬂwmmauﬂgnu’%nmén@?@m:l,uu %’mi’@%’uwﬁ Naflaanns
=S -i? o v & v g a o & &‘ ' a
ﬂﬂmummmmvl,ﬂlmﬂumagawugm‘tumsmmummmstaamiWuyjmmmLauLLa:mm%mﬂvxmﬂma‘mmw
Franduwwimamaglumanausueyinduaziamaninena/ldifaanubdaiu

ardran: Alduewslde, nszyziie, Yuidu, thnoauiiinisfiiug, dndinziuu

Abstract
The problem of mangrove forest destruction has led to a decline of biodiversity in Thailand, including animals such
as marine crabs. Kung Krabaen Bay in Chanthaburi Province is one of the areas where a mangrove reforestation

project has been implemented. The study of marine crab species diversity in this area can be used as an indicator of
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the project's success. Currently, the identification of marine crab species uses genetic data in conjunction with
morphological characteristics to obtain more accurate information, as some species exhibit similar morphological traits.
This study aimed to study the species identification of marine crabs in reforested mangrove at Kung Krabaen Bay,
Chanthaburi Province, using DNA barcodes. Fifty-eight samples of marine crab were species identified by analyzing
the nucleotide sequence of the Cytochrome oxidase | (COIl) gene on mitochondrial DNA. All 58 marine crabs were
successfully PCR amplified and sequenced. The identity of all sequences was determined by comparing them with
the GenBank genetic database. The results found that 11 species were identified. Ten species showed a high genetic
similarity of 97.26% — 100%, including Scylla paramamosain, S. tranquebarica, S. olivacea, Portunus pelagicus,
Thalamita crenata, Charybdis affinis, Venitus latreillei, Myomenippe hardwickii, Varuna yui and Clibanarius longitarsus.
However, the remaining species, Neodorippe callida, did not have a nucleotide sequence of the COIl gene in the
GenBank database. The diversity of marine crab species in the reforested mangrove area of Kung Krabaen Bay, which
comprised 11 species, was close to the 13 species found in the natural mangrove area of the bay. Three economically
important crab species in the genus Scylla were identified, as opposed to only one species previously reported. DNA
barcoding significantly increases the confidence in identifying marine crab species. The diversity of crab species in the
reforested mangrove, which is close to the natural areas, indicates the abundance of the planted mangrove forest area
in Kung Krabaen Bay, Chanthaburi Province. The results of this study can be used as basic data to monitor the success
of mangrove reforestation and biodiversity, which will lead to planning for conservation and sustainable management

of crab resources.

Keywords: DNA barcodes, species identification, marine crabs, reforested mangrove, Kung Krabaen Bay
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Figure 1 Agarose gel showing PCR fragments (approximately 700 bp) of some crab samples (Lane 1-9).

A 100 bp DNA ladder was used in the first well (M) and negative control was included using water to ensure no

contamination had occurred. (Lane 10)
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ﬂﬁmﬂﬁdmaﬁuqﬂﬁﬂﬁdwn'j'] 97% (97.26% — 100%)

UAZROANNBINUM T TRAM BTN HIUTNIFIIN AT

4179 du1m dar didn dAunirudr dnseasuag
U U U U U U

[ o

dnunn

u

Table 1 Similarity search results of the studied samples in GenBank database.

Yldtale Juilu wsztsaiuandih daudn 1
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A oA o A % = o 3
TUHG A gLﬂSLUVLN Wm’mmmﬂmﬂﬂadmdwuﬁqﬂiium

A1 97% (95.14% — 95.29%) lasfanuasaadanig

ﬁuqﬂiiuﬁuﬁﬂﬁ (N. simplex) (Table 1)

Sample ID Morphological identification Highest similarity search in GenBank
Scientific name Thai name Scientific name Max similarity (%) Accession
Number

KB-CO01 S. tranquebarica pIEEN S. tranquebarica 99.70 FJ827759
KB-C02 S. tranquebarica IEE] S. tranquebarica 99.52 KT921348
KB-C03 S. paramamosain 117 S. paramamosain 99.56 JX457150
KB-C04 S. paramamosain 1°Jl”llﬂ S. paramamosain 99.53 JX457150
KB-C05 S. paramamosain 1;1."”"'3 S. paramamosain 99.41 MG197997
KB-C06 S. tranquebarica 159 S. tranquebarica 100.00 FJ827759
KB-C07 S. paramamosain 1217 S. paramamosain 99.56 JX457150
KB-C08 S. tranquebarica pIEEN S. tranquebarica 99.56 FJ827759
KB-C09 S. paramamosain 1°Jl”llﬂ S. paramamosain 99.85 MG197997
KB-C10 S. paramamosain 1;1."”"'3 S. paramamosain 99.71 JX457150
KB-C11 S. olivacea 1o S. olivacea 99.85 MK091844
KB-C12 S. paramamosain 1217 S. paramamosain 99.71 JX457150
KB-C13 S. olivacea 1an S. olivacea 100.00 MK091844
KB-C14 S. paramamosain 1°Jl”llﬂ S. paramamosain 100.00 MG197997
KB-C15 S. tranquebarica pIEEN S. tranquebarica 99.85 FJ827759
KB-C16 S. tranquebarica pIERN S. tranquebarica 100.00 FJ827759
KB-C17 S. tranquebarica IEE] S. tranquebarica 99.55 FJ827759
KB-C18 S. paramamosain 111 S. paramamosain 100.00 MG197997
KB-C19 S. paramamosain 1°Jl”llﬂ S. paramamosain 100.00 MG197997
KB-C20 S. tranquebarica pIEEN S. tranquebarica 100.00 FJ827759
KB-C21 S. tranquebarica kRN S. tranquebarica 100.00 KT921348
KB-C22 S. paramamosain 1217 S. paramamosain 99.69 JX457150
KB-C23 S. olivacea 1an S. olivacea 98.50 MN635599
KB-C24 S. olivacea 1o S. olivacea 99.70 NC012569
KB-C25 S. olivacea 1o S. olivacea 99.25 NC012569
KB-C26 S. olivacea 1o S. olivacea 99.85 NC012569
KB-C27 S. paramamosain 1217 S. paramamosain 99.25 JX457150
KB-C28 S. olivacea 1an S. olivacea 99.70 MK091843
KB-C29 S. olivacea 1o S. olivacea 99.55 NC012569
KB-C30 S. tranquebarica pIEEN S. tranquebarica 100.00 KT921348
KB-C31 S. paramamosain “JJ?J’I’J S. paramamosain 99.83 KT921347
KB-C32 S. paramamosain 1217 S. paramamosain 99.54 KT921347
KB-C33 S. paramamosain 111 S. paramamosain 99.69 KT921347
KB-C34 S. tranquebarica 1°J|3J’J<] S. tranquebarica 99.25 FJ827759
KB-C35 S. olivacea 1o S. olivacea 98.94 NC012569
KB-C36 S. olivacea 1o S. olivacea 99.55 FJ827760
KB-C37 P. pelagicus 143]”1 P. pelagicus 100.00 MN337016
KB-C38 P. pelagicus 1433”1 P. pelagicus 99.70 MN337016
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Table 1 Similarity search results of the studied samples in GenBank database. (Continue)

Sample ID Morphological identification Highest similarity search in GenBank
Scientific name Thai name Scientific name Max similarity (%) Accession
Number

KB-C39 P. pelagicus 4" P. pelagicus 100.00 MN337016
KB-C40 T. crenata UdAnmaih T. crenata 99.41 MN425338
KB-C41 T. crenata UdAnmaih T. crenata 98.98 MN425338
KB-C42 T. crenata UAnmaih T. crenata 99.42 MN425338
KB-C43 C. affinis Unzaayuad C. affinis 99.70 MZ393897
KB-C44 C. affinis Unzaayuad C. affinis 99.54 MZ393897
KB-C45 C. affinis Unzaaguad C. affinis 99.39 MZ393897
KB-C46 V. latreillei iuin V. latreillei 100.00 LC097126
KB-C47 V. latreillei iuin V. latreillei 99.68 LC097126
KB-C48 V. latreillei iuin V. latreillei 99.69 LC097126
KB-C49 M. hardwickii Yliala M. hardwickii 100.00 0Q954126
KB-C50 M. hardwickii Yliala M. hardwickii 100.00 0Q954126
KB-C51 M. hardwickii Yliala M. hardwickii 100.00 0Q954126
KB-C52 V. yui uiln V. yui 99.12 NC037155
KB-C53 V. yui uiln V. yui 99.41 NC037155
KB-C54 V. yui Uuiln V. yui 99.70 NC037155
KB-C55 N. callida Uil ly'lsy N. simplex 95.14 EU636975
KB-C56 N. callida Uil ly'lsy N. simplex 95.29 EU636975
KB-C57 C. longitarsus Uizaaunih C. longitarsus 97.26 MH482001
KB-C58 C. longitarsus Uizaaunih C. longitarsus 97.39 OP972582

NANNTILATTRANNFUANUTLT A TNy
i:ﬂ"‘mﬁmmdg&uﬁu wudwgﬁu’a 11 3%a WuNe1Y
ATAUINNTEONINNARALITALAIL I@mmmmuﬂamjug
wnduaaniin 2 ngulwgie nduyuriads waznguyflal
uwiase lasnguyuria3s @ 10 ofla daznaudisyluwied
Portunidae 6 THa 29 Macrophthalmidae 1 o
29¢Menippidae 1 THa 296 Varunidae 1 T9a WAz 96
Dorippidae 1 7@ dﬁugvlliLLﬁﬂ"?\‘le@TLLﬁ 14941 Diogenidae
1 v6ia (Figure 2)

NamﬁLmﬁ:ﬁﬂ'ﬁ:ﬂ:ﬁ’mmdﬁugﬂﬁu
mulurfianuirdduazyldmale Sdrszozviimig
ﬁuqﬂﬁwmﬂwﬁﬁ@lﬂhﬁu 0.000 yai9 yhniui
Unzaasuad gﬁ”ﬂuﬁ'ﬂﬁ@hﬁ:ﬂ:ﬁ'}dmaﬁuqﬂ‘smmafl,wﬁﬁ@
\¥infin @ 0.003 Yruazyuiluidenrindn da 0.004 Yo
gLi’ﬂuvlaLT waziizaaunindanszosiInaiugnITy
aolusfiayindy 0.008, 0.001 Waz 0.007 ANAGL
(Table 2) d’mﬂ"]izUzﬁ’]dﬂ’]dﬁuhq‘ﬂ‘i‘iuizﬂ’hd“ﬁﬁﬂ WU
gm'nLLa:gmaﬁs:ﬂ:vi’mmdﬁuqﬂﬁmm'jwwﬁﬂﬁaU
“?1'&2{6] Winfy 0.092 Iumm:ﬁgﬁwLLaszﬂsluvlﬁﬁsm:vmma
ﬁugﬂﬁm:mwwﬁﬂmﬂﬁq@ v 0.256 (Table 2)
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KB-C19Scylla paramamosain
KB-C31 Scylla paramamosain
KB-C18Scylla paramamosain
KB-C14Scylla paramamosain
KB-C09Scylla paramamosain
KB-C05Scylla paramamosain
KB-C33Scylla paramamosain
90 KB-C04Scylla paramamosain
KB-C32Scylla paramamosain
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KB-C07 Scylla paramamosain
KB-C10Scylla paramamosain
KB-C12Scylla paramamosain
KB-C03Scylla paramamosain
— KB-C22Scylla paramamosain

100

56| KB-C17Scylla tranquebarica
52/ KB-C34Scylla tranquebarica

L KB-C30Scylla tranquebarica

KB-C01Scylla tranquebarica

100

KB-C02Scylla tranquebarica
KB-C06Scylla tranquebarica
KB-C08Scyilla tranquebarica
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KB-C16Scyilla tranquebarica

, Portunidae

N

KB:
KB:

-C20Scylla tranquebarica
-C21Scylla tranquebarica

911 KB-C11Scylla olivacea
| KB-C13Scylla olivacea
| | KB-C23Scylla olivacea

51

99 ' KB-C35Scylla olivacea
100 | — KB-C36Scylla olivacea
KB-C26Scylla olivacea
97| ' KB-C29Scylla olivacea
|~ KB-C24Scylla olivacea
|| KB-C25Scylla olivacea
88 | KB-C28Scylla olivacea
KB3-C37Portunus pelagicus
KB-C38Portunus pelagicus

100{ KB-C39Portunus pelagicus

86) KB-C43Charybdis affinis

L KB-C44Charybdis affinis

J 100 | KB-C45Charybdis affinis
grL KB-C42Thalamita crenata

L‘ KB-C40Thalamita crenata
100 L KB-C41Thalamita crenata

;| KB-C56Neodorippe callida

100 - KB-C55Neodorippe callida I Dorippidae
91 ﬂ KB-CA47 Venitus latreillei
KB-C48 Venitus latreillei

100 |

L Macrophthalmidae
100 - KB-C46 Venitus latreillei
KB-C49Myomenippe hardwickii
KB-C50Myomenippe hardwickii I Menippidae
KB-C51Myomenippe hardwickii

[~ KB-C52Varuna yui

100 L | KB-CE3Varuna yui Varunidae
100 KB-C54Varuna yui

— KB-C58Clibanarius longitarsus

97

100 —— KB-C57 Clibanarius longitarsus

I Diogenidae

61

Clibanarius infraspinatus

Dardanus megistos

Figure 2 Phylogenetic tree based on COI gene sequences was constructed with Neighbor-joining (NJ) method.

Two species of anomuran crabs, C. infraspinatus and D. megistos, were used as outgroup.
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U217 119 uazyan laoyend uasting fenuduius 10w 4 nga fe s Yiae dan waztdien (S. serrata)
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Table 2 Genetic distance within and between marine crab species.

1 2 3 4 5 6 7 8 9 10 11
1. S. tranquebarica 0.003
2. S. paramamosain 0.092 0.004
3. S. olivacea 0.132  0.143 0.008
4. P. pelagicus 0.170  0.182 0.203 0.000
5. T. crenata 0.158  0.194 0.185 0.202 0.003
6. C. affinis 0.176  0.195 0.199 0.178 0.168 0.003
7. V. latreillei 0.217 0.207 0.217 0.232 0.237 0.241 0.003
8. M. hardwickii 0.194  0.197 0.197 0.212 0.180 0.200 0.203 0.000
9. V. yui 0.206 0.215 0.248 0.252 0.203 0.207 0.231 0.213 0.004
10. N. calida 0.222 0.217 0.213 0.256 0.194 0.223 0.251 0.231 0.253 0.001
11. C. longitarsus 0.230 0.241 0.242 0.249 0.233 0.233 0.243 0.238 0.217 0.242 0.007
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Abstract

Silk sericin protein or Silk glue protein, a natural protein biopolymer produced by silkworms, has attracted significant
attention particularly in biomedical and cosmeceutical applications over the past decade. Sericin possesses exceptional
biocompatibility, biodegradability, and unique amino acid composition endowing it with a range of beneficial properties,
making it a promising candidate for various biomedical and cosmeceutical applications. This comprehensive review
looks insight into the multifaceted aspects of silk sericin, encompassing its structure, compositions as well as exploring
various extraction methods. Biological properties including antioxidant activity and stimulating cell proliferation,
therapeutic potential, and applications in tissue engineering and drug delivery were also discussed. Research attempts

focused on improving the properties and applications of sericin-based biomaterials were also mentioned.

Keywords: Sericin, extraction, free radical, phenolic compound, flavonoid
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Figure 1 Structure of silk gland from silk worm Bombyx
mori (Silva et al., 2022)
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Figure 2 The structure of silk fibroin. A) The raw silk
fiber B) R-sheet crystallite embedded in the amorphous
matrix of silk fibroin fibers. C) Silk fibroin heavy chain
(H-chain) consists of hydrophobic and hydrophilic

repetitive domains (Costa et al., 2018)
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&91m9na (Mechanical stretching) lassas1aluianazainta
VLma:gﬂﬁﬂﬁﬁmﬁuﬂmuﬁuudawa’tﬁﬁamnﬂﬁmuﬂm
ulassairannduuuy R-sheet taiauin (Li et al., 2023;
Padamwar & Pawar, 2004) nsauadlufiliuosdisznay
Tun1alny 2:8nM59a309duuusi 9in (Repeat
sequence) 184 (Gly-Ser-Val-Ser-Ser-Thr-Gly-Ser-Ser-Ser-
Asn-Thr-Asp-Ser-Ser-Thr)n o Gly Ser Val Thr Asn Asp
dansauafilulnadu wwa3u widu n3lafiu wasnwindu
LASNIALBENITAN ANAGL (Lee, 2004; Silva et al.,
2022) Ml duldsduluanaumalwgausssumad
Usznauaislys@u Sericin 1 (Ser1), Sericin 2 (Ser2) way
Sericin 3 (Ser3) U361 Ser1 ag%uuaﬂq@ azanetin e
Uszanmh 40% Tudu sert Fawadszanm 23 kb wazdl 9
exons LNUTAREIHIU MRNA 2416 10.5, 9.0, 4.0 Laz 2.8
kb @MNENALNIBNIZLIBNNT alternative splicing \foraa
Auanufauniadirazadunss Amunsaasuuyas
Tinliseu Ser2 Gaazanesinlauszanns 40-50% laseains
2898 ser2 3 13 exons LAUIAFFE1NIL MRNA UU1@ 3.1
L8z 5.0-6.4 kb (iutunany sursaazansldds
Chaotropes wanuwiia 1Usdu Ser 3 azaelduszanm
10% 1A5983192898% ser3 § 2 exons Juw1aLszant 3.5
bp LALUWIATIHIL MRNA 2419 4.5 kb ag%uiuq@amﬁu
T lusan (Bedge & Dixit- Potadar, 2022; Kunz et al.,
2016)

mlwasrmi A eunnsssumatinitey
wazBarmzdul W lussuliseiudowusslalasaui
Lﬁ@‘*ﬁmzmwmgms’uaﬁa (c=0) vasnmlnunulalasian
azmax (N-H) vaanjioiiu (NH ) va41Wlusdu (Figure 3)
gonaldtdwle nauanuudonss numudaussds uazly
Wzée avhnisaennalva (Degumming) oan 4%
mazmng v liidule IWlusaudedosdetnanmuin
srdudaiulagasdns it uiveadulodoudowuas
fiansszionuss GanuiawIauazlma (Seo et al.,
2023)
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Fibroin

M‘WLOMNJT%%@N AAJL%/NJW&@

R

Sericin

Figure 3 Chemical structure of silk demonstrating the
intermolecular H-bonding between sericin and fibroin

(Seo et al., 2023)

nlwaudgninsdiawinannansiitasend
nsaueduiisdaydasrsmuagann fqasuialunsdin
mg:%m'ﬁﬁi:: (Jena et al., 2018; Kumar & Mandal, 2017;
Napavichayanun et al., 2017) &31308ad4nuwR291nN39&
UV (Kaur et al., 2013) Lfluéhﬁ'ﬂLﬁufimauﬁumwmjw
Fulurifn (Padamwar et al., 2005) snanInnzguliiie
miw%tylﬁu‘[mLLazLﬁumiﬁ@meausﬁaﬁﬂ’mﬁfa
(Minoura et al., 1995) aan1siasmiiivlaveailasenlu
aoﬁvléjlﬁfyjmad%kmﬂamvlﬁ (Zhaorigetu et al., 2001)
mmsnﬁu5’@muimﬂnk%ma%uﬂuﬁumqwaaﬁ’muaa
ARUAZRAGIEN (P. Aramwit et al., 2010; Shitole et al.
2020) Fefvszloiadnannlunaihlyivawuszdszynd
Iilugasmnssuzaens inlduiatagnaununszanlu
ni:mumimﬁﬂﬁﬂﬁﬁaLﬁ'amz@ﬂﬁuamw (Guided
bone regeneration, GBR) (Kim et al., 2023) T luiennssw
Lf:al,ﬁa (Tissue engineering) LRZINITUANE (Silva et
al., 2022)

lassasouazgluuuzasnlua

sansautiin lnaldnatsgduuulasuiany
anusIT M sazae il 3 oile de

L35 18 (Sericin A): ag’%uuaﬂq@mm%'avlm i
a:myluifﬁi"auﬁ"LuI@]iLamiluaaﬁﬂizﬂauag’ﬂizmm
17.2% Snsauadlufinuanndarmein niladin naduuas
NIALBENIIAN

w35 9 (Sericin B): aglﬂu%”'uﬂma RUNINRLANE
Ieluingan Snsauedlufiinesdisznoumionlmaidu
10 wenanidadnsauediln ridlauuaziilulasianeg
sz 16.8%

L3%% & (Sericin C): ag’%usluq@?mﬁuvlmmau
Tiszaelwindon maunsausneananlnlusduldlasns
Tfansazanoniaiaanindedd Jesddsznaunsanaiilu
widaulu 158y O uazdinsauaflulnsau nuzdu uazd
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Tulasiaudszanms 16.6% (Kunz et al., 2016; Padamwar
& Pawar, 2004)

nmsanswuinnnnudadulnalalsaun
fledlnuzaanlsdiduasdsznavegsessiia liausn
Usznaudi ﬂﬁ?’]maLLquua%aWUIwLaqa%'uag'ﬁu N-acetyl
glucosamine 2 laLana douiunalnufienurisnasna
wad uuaawns3n wiaft 2 Usznause N-acetyl glucosamine
LLmiE’]@l’lavl@lLLsﬁﬂﬂ’lvh@T 3-Galactosyl (1—>3)-N-acetylgalac
tosamine [anfunalrufienurisnsauedluemesunie
3 ladiu (Kunz et al., 2016)

wonanidsdnsiaudslusaunilnuaaniiu
3 ngw mwﬁmﬁn‘[maqa o 5% A (250 kDa) L3Tu
M (400 kDa) unzi3%u P (180 kDa) Fanszansagusiim
WA (Anterior: A) Nad (Middle: M) uaznad (Posterior: P)
Ya3aaN ANFIUNANT (MSG) 11301 M uaz P LI uNaKES
wo9fin ser 1 luvaefile3du A Hunaninasdu ser 3
ualiwuingu ser 2 ipdaslumsaslusdunanasds
%y (Bedge & Dixit- Potadar, 2022) 193%% A M uaz P §
nyauadilu 1wasu lnadu waznsauwaaniian 1Juadd
Usznavaggs atnalsfiona wodidu A asfiasdusznavves
nsanedlufiuanensana3du M uaz P o finsangen
finuazladuagann wnzAnsauadluralofiuuas Inlsdu
Tudsunaditesnin Taaflnls@uuasn3lofudugin
sanylunmafalaseaimfsnuny R-sheet d3un3a
ﬂ@@nﬁﬂLLa:vl,a%uLﬂunmLLaﬁIuﬁﬁﬂﬁTﬂsaa%umu
R-sheet inliiiafios vllassaioves 1155w A axifia
vHulasaadnd B-sheet HaNINTIEU M ke P LazANY
sunsalumsazaerinvasni muazansadefilaseats
WYY R-sheet Lﬁlumﬂ‘%‘l«b (Bedge & Dixit- Potadar, 2022;
Takasu et al., 2002)

amantfvasn1 lua
mMstiasaaun 1 Mudisasiall anusan uas
La s Lara azﬁﬂﬂﬁmuwawaaLﬂﬂvlﬂﬁﬁ'ﬁmaimLaqa
(Molecular Mass) Auand1sin wwulndASvuwiaaas
luwanalna (50 9 300 kDa) szaraneldalusinfou
(> 60°C) udazangldtoslurindu wdindumalnana
i Aol Us: lomlluehueng g 1w 5 aq%’smwﬁsiaﬂ
aangler (Degradable Biomaterials) %fa@;ma%ammwwﬁ
(Biomedical Materials) LLazﬁ'ﬁqwaaL&lagﬁdmﬁzﬁ
(Synthetic Polymer Materials) 1é wWilndAZumwa
vasluanain (aandi 50 kDa) Azawsnazanyladin
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et LmzﬁqmauﬁaL@iuiuL'%f'aamaamsgm%’ummﬁuuaz
ﬂdaamm%uﬂﬁﬁtﬁaamnﬁnmLLaﬁIuLma‘%uagmﬂ &9
Lsﬁa’%mﬂuﬂmLLaﬁIuﬁwuVL@Tmnﬁq@lumjué”a%fhmm
ﬁw%mmﬁsmmﬁmaawwﬁ (Natural moisture factor;
NMF) %uﬂuﬁmﬂs:ﬂawaa%uuaﬂqmaaﬁmﬁoﬁmzl
%’ﬂmnﬁumm@u%u NMF dsznendronsauedlui
mmmgm%’uﬁﬂﬁ@ WU L8 INATY LATNTALBENIS
an nyauedlunaniiazdeniannsuansuesfinitouas
AnAu S unsuRarn i ﬁ'ngumauazﬂlju%u (Bedge & Dixit-
Potadar, 2022; Li et al., 2023; Padamwar et al., 2005)
Usnaesnsauadlulunnlnulasialuudesiidadin
Ansh uamefiafildlunsatanalnuaznadedadin
yasnyauad lumraniwaniay ﬁmu’fs%'mnﬂmﬂﬁszq'j’l
Lsﬁa‘%mﬂuﬂmLLaﬁIuﬁwumﬂﬁq@luﬂnvl,muﬁmﬂu
Uszanas 30% seaasandensaneawiianuasinadulasd
ma%uﬁ%ijlamaﬂ%aﬁﬁ%aguﬂw&iﬂaﬁ%u FIdInaco
qmawﬁ'ﬁLm:%ﬁ']ﬁma%’smwmaam’ﬂm wonaNit n3@
waawsanuazlnaduifiunuimadirwiue nalnads
Usznaudsnsaueduiimeuin (Hydrophilic amino acid)
U3zt 70% dﬂmalﬁmmsnazmﬂif’]vlﬁﬁuazﬁqmauﬁa
Tumssurupesinga lumsnauiu nsa LLaﬁIuﬁﬁ%%iﬂa
Awdursumnezlsindnisu AiaezanfiuuarisuTams
senvldlusunmfistosninunn (Table 1) (Ahsan et al.,
2018; Seo et al., 2023)

nrzvawnsnasuaduaa (Gelation process)
mad‘[ﬂsﬁum'ﬂmLﬁ@%u"lﬁmﬂmﬂﬂ‘ésmimaa%ﬁanﬁﬂ
nfinnuuy Random coil 11l B-sheet Fannlnuid
Tassaosulwniuuy Random coil azazangld@luindon
LL@iLﬂaa@qmmﬁm@h (Uvzannb 10°C) tazdl pH Uvzanns 6-7
Tns9a19uuy Random coil a1 aswliiily R-sheet vinlw
LAANIEITNLAaTN8RINARA (3D-network) LAz FILEIUNT
Aadvasaanlnutuan dnngnisalifanansndeunay
Iidasinasiiad wlulianufoutszanm 50-60°C
WoNaN#t Gelation process waIn1lmudsanansarle
1a83% Chemical crosslinking lagL@NaNTLASLTY NAANIA
#laqd (Glutaraldehyde) Gfaaztfﬁvlﬂg&nWiai”waIﬂida%wa
R-sheet AAIG (Silva et al., 2022) 8§11 Isoelectric point
(pl) Bs1iluen pH ﬁﬁ'ﬂﬁ’lumqaﬁﬂs:aﬂﬂﬁwqﬂ%@uquﬁ
v Tsdunnalnaden pl ﬁswmuag’szm"m 3.5 114 4.0
dawalﬁmﬂ%m:ﬁﬂs:@qﬂﬁﬂumﬂLﬁ'aagimUiﬁﬁﬂﬂ:
# pH @ni 3.5 LLazﬁﬂszng%Lﬂuauﬁ pH §9n1 4.0
(Barajas Gamboa et al., 2016)
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Table 1 Amino acid composition of sericin from selected published works.
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Amino Acid (mol%)

Author

(Terada et al., 2002)

(Aramwit et al., 2012)

(Keawkorn et al., 2013)

Glycine 15.7
Alanine 5.3
Serine 32.2
Tyrosine 3.7
Valine 3.6
Aspartic acid 18.0
Arginine 1.8
Glutamic acid 4.6
Isoleucine 0.7
Leucine 1.1
Phenylalanine 0.4
Threonine 8.4
Cysteine <0.05
Histidine 1.3
Lysine 25
Methionine <0.05
Proline 0.6
Tryptophan 0

15.03 135
4.1 6.0
33.63 33.4
3.45 2.6
2.88 2.8
15.64 16.7
2.87 3.1
4.61 4.4
0.56 0.7
1.0 1.1
0.28 0.5
8.16 9.7
0.4 0.2
1.06 1.3
2.35 3.3
3.39 0.04
0.54 0.7

0 0.2

msaanmﬂwmmzﬁm‘%zﬁw§

msaann muaziunstesaanslus@u (Protein
hydrolysis) lagaanaWuszia e (Amide bond) luluiana
ya9n 1 lnnsenidugusiwlUsdnvuwiainiianisn
sz ldludvinazanedildlunisaenn1n (Degumming
agent) lUs@ulmaulolnudolnlusdunaznlnuazi
qmauﬁamamﬂmwLLa:maLﬂﬁﬁ;Lmn@mﬁu’Luqmmmssu
Fanovzandoanuuandsitlumsasnnalnuiiie i du
Tl 5 s:Tood dadulelnninTusdudadullsin
wuloliazanesia fnseuadlulizeuiin (Hydrophobic
amino acid) tJusnwinann Uszunm 76%) A W lusdu
Hulassaananfiudoussvasdulelny srumalnudu
Tusauiidlonsaaduunvedmgu szanoldluinion
RIIDCAIWAN FY nIAduNIY uay

RITNAIFILATIZA (Synthetic detergent) lag
ﬁ"’svl,ﬂmiaaﬂma"lmmwn%a%mzﬁw’tfamazﬁ';mm
V% A1NTBUEY ANAUEd Wialdmaafinan g3y wie
Imdsuaniuaiue waznia S93Ensmaniasusiasin
3EiFzaIn A5 uAdIHANTENUGe lATIEIBIINTA

°naaﬂ'nvlmuLLa:m'«aﬁﬂﬁgtyL'ﬁwﬁ’]ﬁmd%amwvlﬂ Snia
miﬁﬁ@mimﬁ'ﬁmﬂﬁnmﬂﬂizmumiaﬁ'ﬂﬁugjamﬂ
Fudanuazanadinansznuaasiuindovld (Bedge &
Dixit- Potadar, 2022; Li et al., 2023) uaﬂmﬂf: n’n"l,m“?‘igﬂaaﬂ
aaﬂmmﬂLé’u"lmuluqmmﬁm‘m'éma ﬁngﬂﬁmf}umaa
ol s sz Tomd Usesinadluluings sonanse
nudeFIaaeNiiosnmstesaaelusaunlnuly
FITNTRIANNdaInTIEaanFian (Chemical oxygen
demand; COD) luﬂ%wwmﬁgu s‘éd%wwuﬂmu'ngauﬂ%ﬁ
ndudaslteandiandwinuinlumsdesaaionid iy
gonaliinFnfiUsinmaandawiosas snveundsan
q@]mmﬁu?{maﬁﬁmsﬂs:nau‘lﬂmmu (Nitrogen) uag
WaswWadx (Phosphorus) 8‘1‘5'\1Lﬂum@;mmwé’ﬂmmddﬁ’]
TutSanaann awmh"l,ﬂajﬂn:awiﬂﬂazw%’a (Eutrophication)
#i0NaN1I:INTIAMIRT (Nutrient Pollution) la &
nansznulasasideFedfialwin demmsima lnundy
anlgUszlomel iundadundasmaiens g Admalnudu
FAUUTENOU WNINIZTIVAANA RADFILIARDULEE

MANINFTIYAAINIAATEAY ldBNAIL
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) 5 a =

ﬂ']iaaﬂﬂ"l'ﬂﬁ“ﬂ')ﬂ%'lﬂi@!ﬂﬁ

n1Inann1 InadI8auTa ULz AT
(High temperature high pressure : HTHP) wIamsltnale
ﬁasahl,%al,mﬁuga (Autoclave) A 115 °C WdBuuLGILGY
ﬁﬁﬂﬂ%ﬁ’uaﬂwLLwi%mﬂﬁ’mﬂwsmﬁﬁgmvlﬂmwﬂaﬂ
Tagldinnawiudavinazans uaziinsanwinmansnsen
mlwldgUseansnmfianinnsdudoasazatudns
(Alkali treatment) lagldgsnansznudalasiasisvaidule
TWlusduunnsin msaenna nulasns Autoclave 59 lnal
Twindl 115 °C wn 180 wift sansnaennnalwaleds
96% TaaasitiAalasaiudasiasanuINniNdEms
analagltasiadl (Choudhury & Devi, 2016) agndlsAany
‘i‘%ﬁﬁdvlaigmﬁ'\vlﬂﬁm%awwrﬁ’ﬁﬁashaa‘%ﬁa iiosanniida
IMNARNBUIZNT LTH qmmwmaa%‘a‘lmdmmami
aragwaIniny malESilnufisslaiun (Unripe cocoon)
zarangldliduazazialdundn (Crystalline structures)
wananimsusssluadas 70% Ethanol dawinldaannm
a:ﬁawﬁﬁwmsﬂmhuaﬂﬁLLa:idﬂﬁ‘mqwammIﬁﬁuaU@T
panan3olnuiid&le (Bedge & Dixit- Potadar, 2022)

n1saann1n lUNAI8ISANAILEITAZALANY
uazal

mysann nnlaslenisdualsansazaneng
LLa:aijﬂu’i%ﬁﬁwHﬁuawLLwim'mluqma'mmw%dm
WS ERszaIn 1052 sansnilulElunsaennna
lulsssuldaenafliszantan lavazdusslnulu 0.5%
lmdsuasvaiwatduial 30 wAudrinn1InTaden
wulelWlusdululsys=Tood anududusesznsazans
@mﬁlzﬁuagﬁwﬁmaﬂm il lnafiaBunsanazdas
IFmsazanpasfiflanududuainin mﬂ‘ﬁayj%aﬁqw%{
L‘flu@méam:ﬁaUI%“TuLaqamaaﬂnvlwgwﬁ’uﬁﬂ \ians
waaéhLLazamﬂﬁuﬁzvl,aiml,wﬁL%au@iaszmﬁﬂuLaqa
Hrgaaussdsirszien mauiusi vl lnunszang
dndungalan e aaslag'sl,myi'lLﬁmﬂuﬁﬁa%ﬁuuangﬂ
pedasonaniduly lwaudeiidou nmsaennala ol
ﬁﬂﬂ’ﬁagﬁﬁwmnﬁﬂﬁumﬂan uedTaNAfaNNALN
wazdoarEanaN Y sEne Gt lssnugamunIm
fisulfaguunlanwauny lasldiudsznaunanidu
Imdsuadoue athslifiaunildayuszanslumsannn
IENANTENUADRILIAG Y mnﬁmaﬂa@ﬂ&iaa@mdaﬁﬂu
USnmugeazriald Lﬁﬂmﬂwguuiwimmm&'lvlﬁ (P. Aramwit
et al., 2010; Mahmoodi et al., 2010)
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ﬂ"ﬁaaﬂﬂ']']1‘]ﬁ3dﬁ']ﬂﬂ']ia3&']ﬂﬂiﬂ

msaanna nlagldansazanonsadunssd du
ama:ﬁwmaﬁa pnihmsldasazanseng lugaswnsw
fanefinldnsadesndadunsadurisildnnnszuiumamin
TagsinSalnusnaiadaonsadasndudu 30% wiv) A
gDl 98 °C azawnInmiaiduldiian 100% Bnm
msaann’n@hﬂ%%f’lﬁﬂﬁtﬁﬂmgmL%’ﬂmwmr’ﬁumﬁa
(Tensile strength) ﬁamd’m'ﬁaaﬂm'sLLumg-@m (Soap-
alkali method) (Khan et al., 2010) wanihaannNIages
AR MIENIANINI3N (Tartaric acid) lun1saennaf

TAnadntnalunivasgu@nisnion Ny o L& luny
@

o

a X
HEKIR%Y

a

(Physicochemical properties) LasNITEaNEN
(Bedge & Dixit- Potadar, 2022)

msaann unlagldiawlassl

nsaann lwnlaslfianlssd (Enzymatic
degumming) Lﬂuni:mumsﬁiﬁﬁ'sLiaﬂgjﬂ%mma%amw
Wndasiufineden uwasinansznudatduwlnuias
"L@TwawﬁmﬁmﬁuvlmﬁmgwmaLLa:mumsaanm'Jaﬂn
AT T Lau"l,srjﬁﬁthmaannnLﬂul,au"lmﬂunajwﬁﬂ'am
aaolusundelustian (Protease) saulnnjrinnuldad
qmmgma:mwmﬁwﬁmﬁ UaZENNNINTIBUITREANTNEINT
619 9 LT W wisaw ssed uazaanszlunistintdasia
de wonanit tewladlusdeaiisunsadesaaneni
Tnulafuazinadelnlusduies lasewlodlysdeasiia
@14 (Alkali protease) ﬁﬂs:%w%mwgaﬁq@iummarm’n
Ty asanuwIve I lry WAZINENAIAENT A
ANLDILII (Tensile properties) 33nsaannilnadae
awlmi sz ansawannninnisldasasaiuaisdaas
fdanm nuuurlisiwnsianzasdnisdsnadalaseaing
wazuantfvadulylnlusdu (Kim et al., 2016) ol
Wsaeadildlunsaannndudnansofianedldandas
AT uazyAund

mslanladlsdlesnnuuaiitoussfidoy
Irlumsaanmilng ldun danas (Alcalase) WAz Iua
(Savinase) nieldianlodnsmesriianauin lapdd
sewinmsldiewlodmime fuUszantawianin
wonanassUsznauimdulsinud tdwlnudsdand
Tailalus@iu 1gu arslulawesa du o (Wax) uazussg
Tl s s an D1 B9 FINAR BN NULIIIILAZANY
wnzadina nmIndalzesnanidulnaisianuadny
Fovi mslionlodlawa (Lipase) saufuldsdroaslyt
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Naﬁwfﬁiﬂﬁlﬁmﬁumsaanm’sﬁ’mayj wenanimsaen
malaslfienlediioyudsinsdandadvasdulna
finasduilywudeldmsasaseamosylumsasnni
VL@Tazmﬁﬁmfﬂﬁry (Gulrajani, Agarwal, Grover, et al.,
2000)

ewlodainiea (Degummase) Andalaside
WA Bacillus subtilis &1ansavnanlgaann tnale
TasTuszansanlunisaonnidwurinldinmingslwy
wely (weight loss) Useanm 22% ﬁqm%gﬁ 50°C Tuatue
ﬁﬂ’ﬁ’[”ﬁayjﬁa@i’mﬁaﬂﬁqmﬁgﬁ 100 °C FwluFeasle
dunminfivngly 24% wanandt ewlodlyUsdesann
Fa7 Apnianlglumsaanmalnaldizuiu dedagu
owlmTls@ioafildaniBo Conidiobolus sp. 10T 3
mg/ml 15181 3 2l ﬁqmﬁqﬁ 37 °C virlvimein
Selnumeldlddszana 19.8% (Freddi et al., 2003;
Gulrajani, Agarwal, & Chand, 2000) &uiaw ko 11/56Les
mm%asﬁ C. brefeldianus \\.8¢ Actinomycete "Lﬁ@hifmﬁﬂ
fimnelu 19.58% B9 21.78% (More et al., 2013) Gslndides
fumsldssazanaesnieaylunisaannna

ulodldsdiesannisanansavitanldaannia
Tnaldisuin lasewlodiily (Papain) Aaialdanos
vasuzaznafy Jgmandalunmstesaaalysfiuuazinmn
Idaannnldwadlndifssiumsldmazasdraniosy
Snvisdetausnun Tensile strength Basidwlnuuazynly
nlnumansnaedldatunasnssauituiv (Nakpathom

Preparation

MSG expression system

Genome R Ser! P IRVECSITR -~ Genome

MSG cell
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et al., 2009)

Tuszosfinuawlnuaziaswldidudnue Godu
sgﬂzﬁvlaiﬁua'lmma:azﬁ'mLﬁulﬂvlﬂwLﬁaﬁaﬁuﬁum"lf?
ianaddugslwe (Cocoon) anndwiadnudineanan
WndiFoasldianlay Cocoonase Frvluniseanain
55lu Cocoonase Lﬂmau"l,snﬂumjmsﬁa%uiﬂsﬁLaaﬁﬁ
lassananaznalnnisvnanuaanedutawloinIudu
(Trypsin-like serine protease) nanlasiide wunassiia
wiriAnlundawuasliAnlunion vwihfinandedon
RANBN7 AN ﬁ'}‘lﬁ‘lﬁﬁLéavlmmmaanmmn%favl,mvlﬁdwzl
Lauvlfnﬁ’ﬂﬁ@f:ﬁﬂ'nmhmwzga foazdasianzlysiunn
Tnaeingin laigos Wlusan ﬁLgavl,m%ammsny@gﬁﬂmﬂ
%’avl,mﬁvl,mmauﬁ?uvl&iﬁm’aﬁ@aﬂﬁﬂ@iavlﬂLLazg@aaﬂm
nn39lndle (Rodbumrer et al., 2012) MoANNTINE
289 Cocoonase rnlitindInsneaasaulavinlultlunns
sannny dedsnslaanduiisiadmiuiawlod
Cocoonase Lﬁlaa%’m Recombinant cocoonase ‘ﬁdlu
wuANSY Escherichia coli 1 Insect cell wazluiad Pichia
pastoris tiaraatewlmdludsunamnn Tagewlmddildan
nizmumiﬁuqﬁmﬂsmfﬂmmmﬂ'ayamyma"l,mvlﬁﬁa
98% lag'linsznusadulynlusdu wananilisoia
amnmaandulynudomvilddvesdulodeusus:
fls=AanSnwiianin cocoonase INFITNTIARFAAINN
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Figure 4 A novel technique to generate self-degummed cocoon using genetic engineering (Wang et al., 2023)
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Abstract

Impatiens sirindhorniae are beautiful flowering plants and endemic plants that grow on limestone mountains. It was
only found in Krabi province and Surat Thani province. Currently, its conservation status is classified as a vulnerable
species. Micropropagation allows the production of plantlets for the preservation of genetic resources. The objective
of this research was to investigate the influence of NAA and activated charcoal on micro-propagation of I. sirindhorniae

for producing plantlets for transplanting and conservation in their natural habitat. Shoots developed explants obtained
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from cultivation in sterile conditions, approximately 2.0 centimeters long and without root formation, were taken for
root induction. Shoot explants were cultured on 1/3 strength of solidified MS medium, 2 shoots per bottle. The experiment
was divided into 6 treatments, viz. 1/3 MS supplemented with various concentrations of NAA (0, 0.5, 1.0, 1.5, and 2.0
mg/L) and 1 g/L of activated charcoal. The treatment with only 1/3 MS is the control. After culturing for 4 weeks, the
root induction rate, number of roots and root characteristics were recorded. Three replications, with ten bottles per
replicate and two explants per bottle, were used for each treatment. CRD experiment in a completely randomized
design was carried out. The root induction rate, root length and root width were highest in the control (100%, 3.50
cm, 0.23 cm). However, plantlets cultured on media supplemented with activated charcoal (treatment 6) had a root
induction rate (100%), average number of roots per plant (5.58 roots), and root length (2.66 cm), not significantly
different from the control. Therefore, it can be concluded that all concentrations of NAA had an inhibitory effect on

root induction in I. sirindhorniae. While 1/3 MS supplemented with or without activated charcoal should be used on

root induction in |. sirindhorniae.

Keywords: Pathogen-free plant propagation, vulnerable, MS medium
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511 lagsirdunoanannuaaimiziags ﬁwafulﬁazaWQ
wazrinldnsuun sz WRieTaa NN TwesTIN 91N
il smuaasaanusNiaiaa Lan
L g REUURNTE AN TN ENAS 3ms’1:ﬁ°ﬁaga
mariiaeeldsunsu R (R Core Team, 2019) 31a=#
ANLLTUIIUVBITBYAEE one way analyses of variance
waziSoufisudasslagd® Duncan’s New Multiple
Range Test (DMRT) Asrdunnutese Tooas 99
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fupadneana Youaz 99 GInamInaaadl Table 1

Table 1 Effect of NAA and activated charcoal (AC) on root formation from single shoot explants of Impatiens sirind-

horniae after 4 weeks of culture on 1/3 MS medium.

Medium Survival rate Rooting No. of root Root length Root width

(%) (%) (roots/explant) (cm) (cm)

1. 1/3 MS + 0.0 mg/L NAA 100+0.00 100+0.00° 5.31£0.65° 3.50£0.13° 0.23+0.00°

2. 1/3 MS + 0.5 mg/L NAA 100+0.00 62.51+18.30™ 4.25+0.56™ 0.64+0.10° 0.10+0.00°

3. 1/3 MS + 1.0 mg/L NAA 1000.00 44.44417 57° 3.11£1.06™ 0.38+0.13" 0.030.02°

4.1/3 MS + 1.5 mg/L NAA 100£0.00 40.07+16.33" 1.700.65% 0.25+0.08° 0.05+0.00°

5. 1/3 MS + 2.0 mg/L NAA 100£0.00 22.22+14.70° 0.89+0.56° 0.26+0.15° 0.03+0.02°

6. 1/3 MS + 1 g/L AC 100+0.00 100+0.00° 5.58+0.65° 2.66+0.13° 0.15+0.00°

F-test ns - - **

C.V. (%) - 30.59 16.19 14.78

Remark Means + standard deviation followed by different letters in the same column denote significant differences as determined by DMRT

(ns = nonsignificant, ** = significant at P<0.01).
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Figure 1 Root induction (formation and elongation, respectively) from explants of Impatiens sirindhorniae
growing in 1/3 MS medium. A: 1/3 MS; B: 1/3 MS + 1.5 mg/L NAA; C: 1/3 MS + 2 mg/L NAA; D: 1/3 MS + 1 g/L
AC. Scale bar = 1 cm.
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Abstract

Liposome particles can be synthesized using phospholipids as precursors. These particles can encapsulate crucial
substances, prevent degradation and enhance the stability of the substances. The primary aim of this research is to
investigate the application of phospholipids derived from para rubber seed oil for the formulation of liposome particles.
Oil was extracted from para rubber seeds of the RRIM 600 variety using hexane as a solvent. Phospholipids were
separated from the oil through a heat and water degumming process. The type and quantity of phospholipids were
analyzed via a high-performance liquid chromatography technique. Liposome particles were synthesized using the
reverse phase evaporation method, and the physical properties of liposome particles were measured by using the

dynamic light scattering technique. The morphology of liposome particles was examined through transmission electron
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microscopy. Additionally, the stability of the liposome particles was examined over a period of 0 to 12 weeks at 4 °C.

The oil content in para rubber seeds was found to be 45.25+0.04 %w/w. The predominant phospholipids identified in

the gums isolated from para rubber seed oil were phosphatidylcholine and phosphatidylethanolamine (22.36+3.10 and

17.39+0.51 mg/100g of oil). When synthesizing liposome patrticles using 0.1-2.0% w/v of phospholipids, a homogeneous

yellow mixture was obtained, with particles dispersed in an aqueous phase. These liposomes exhibited a spherical

shape, with sizes ranging from 524 to 644 nanometers. The polydispersity index ranged from 0.33 to 0.46. The

z-potential of the particles ranged from -33 to -58 mV and the synthesized particles exhibited the highest stability for

8 weeks. In summary, the phospholipids derived from para rubber seed oil can be utilized to form liposome particles.

Keywords: Liposome particles, phospholipid, para rubber seed, reverse phase evaporation method
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Figure 2 Characteristics of oil, polar lipid (gum) and HPLC-UV chromatogram of phospholipids extracted
from para rubber seed oil
(A) Para rubber seed oil (B) Precipitated gum from para rubber seed oil (C) Gum from para rubber seed oil
(D) Phospholipid Standards (PC = Phosphatidylcholine and PE = Phosphatidylethanolamine)
(E) Types of phospholipids in para rubber seed oil
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Figure 3 Phospholipid structures. (A) Phosphatidylcholine (PC), (B) Phosphatidylethanolamine (PE),

R, R’ = Fatty acid residues

Table 1 Oil content, types and amounts of phospholipids in para rubber seed oil.

Oil Gum Phospholipid (mg/oil 100 g)
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Figure 4 Characteristics of a mixture containing liposome particles dispersed in an aqueous phase
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Figure 5 Particle size and z-potential of liposome particles using dynamic light scattering (DLS) with a Zetasizer
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Table 2 Particle size, Polydispersity index and z-potential of liposome particles
Phospholipid Particle size Polydispersity index z-potential
(%wlv) (nm) (PDI) (mV)
0.10 601.50+28.71° 0.45+0.05° -33.96+2.75°
0.25 548.95+13.78" 0.42+0.01° -39.66+1.73"
0.50 538.93+19.07° 0.37+0.01° -54.20+0.26°
1.00 524.40+16.15" 0.33+0.02° -58.73+0.15"
2.00 644.70£22.75° 0.46+0.03° -53.76+1.20°

Note: Values in the same column followed by different letters (*“) are significantly different (p < 0.05). Each value in table is represented

as means + SD (n=3).
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Table 3 Changes in particle size and z-potential of liposome particles over a period of 12 weeks

Physical properties
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Note: Physical property values in the same row followed by different letters (**) are significantly different (p < 0.05). Each value in table

is represented as means + SD (n=3)
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Abstract

Carissa carandas Linn. is a plant that has medicinal properties. Extracts from the fruit and leaves of this plant contain
antioxidant active substances with high efficiency. The objectives of this research were to study the antioxidant
activity of extracts of C. carandas L. fruit, investigate the effect of inhibiting the activity of the enzyme tyrosinase, and
develop a liquid soap formula from extracts of C. carandas L. fruit tested according to TIS standards 14—2019. The
research results found that C. carandas L. fruit extract made from 95% ethanol has a viscous consistency. It has a
dark red color and smells like burnt sugar. It has a yield of 21.80%by mass. Testing the antioxidant activity of C.
carandas L. extract using the DPPH method compared to standard vitamin C. It has an IC50 value equal to 14.24 +
0.03 mg/mL and tested the effect of inhibiting the activity of the tyrosinase enzyme using the modified dopachrome
method. It was found that the inhibition value of the tyrosinase enzyme of the C. carandas L. extract was 50%, equal
to 14.37 +0.05 mg/mL. When used to develop a liquid soap product from C. carandas L. fruit extract and test the

chemical properties of the liquid soap from C. carandas L. fruit extract, it was found that it has a total fat content of
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15.40 percent by mass. It has an acidity-alkalinity of 4.5. No free alkalinity was found. There is an amount of sub-

stances that are not soluble in ethanol of 0.45 percent by mass, which passes the TIS 14-2019 standard criteria.

Antioxidants from C. carandas L. fruit are very interesting because the C. carandas L. fruit has properties that are

beneficial to skin health and contains extracts that have antioxidant effects that can be used in dietary supplements

and cosmetics.

Keywords: Carissa carandas Linn., free radicals, tyrosinase, liquid soap
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Table 1

Table 1 Chemical characteristics of herbal liquid soap

according to TIS 14 — 2019 standards

Order Chemical characteristics Criteria
1 Total fat (%w/w) not less than 12
2 Acidity - Alkalinity 4-8

Free alkali (%w/w calculated as

3 0.05
NaOH) not more than
Substances insoluble in ethanol

(%w/w) not less than
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Figure 1

Figure 1 Ethanolic extract of Carissa carandas Linn. fruits
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1.2 wamiﬁnmqw%{miﬁmawaamzmaq
RIENALANUARNNNANZAIRINL W IEa283F DPPH
Assay Namiﬁﬂmqw’ﬁgﬂwﬁma%aﬁaszmaamsaﬁ'@
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ANMUEIAAK 516 nm mnmmmaunw%wﬁmawa
BRTTVIMIRNANANZAWRINEWI ARG8T DPPH wa

MIANEILRAIAS Table 2

Table 2 Results of testing the antioxidant activity of
Carissa carandas Linn. fruits extract and standard

using the DPPH method

Substance IC_ (mg/mL)
Ethanolic extract of Carissa 14.24 + 0.03
carandas Linn. fruits
Ascorbic acid 0.47 + 0.01

97N Table 2 WU 81IRNANANZUWAIINZUID
Iﬁﬁ@hﬂ'ﬁﬁug’dawaﬁmﬂﬁ 50% Winfu 14.24 + 0.03
mg/mL Lmzmimmgm”?mﬁu%ﬁmmiﬂ'uﬁy'aawaﬁmz
16 50% ¥ 0.47 + 0.01 mg/mL

120
100 y = 3.2161x + 4.2147

=8 9755

2=
80 R* = 09918

60

% inhition

40
20

000 500 1000 1500 2000 2500 3000 3500

concentration of ethanolic extract (mg/ml)

Figure 2 The graph shows the % free radical inhibition

of ethanolic extracts
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Figure 3 The graph shows the % free radical inhibition

of standard ascorbic acid
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Table 3 Results of the study on the tyrosinase-inhibiting
activity of the extracts from the fruits of the mangosteen
and the standard compounds using the modified

dopachrome method

a5 an ICSO + SD (mg/mL)
Mango and gooseberry ethanol extract 14.37 + 0.05
Standard Vitamin C 0.66 + 0.02

21N Table 3 WU BITRNANANZNIIN
vzwnfanmstufimsranuesewlodnlsGuald
50% LY 14.37 + 0.05 mg/mL KazaNINIATFIUIANTY
Fhenduifimsvhaesewlainlsuald 50% winfu

0.66 + 0.02 mg/mL
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Figure 4 The graph shows the % inhibition of

tyrosinase enzyme activity of ethanolic extract
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Figure 5 The graph shows the % inhibition of

tyrosinase enzyme activity of ascorbic acid
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Table 4 Recipe ratio of liquid soap from Carissa carandas

Linn. fruit extract

component properties weight
(Yowiw)
1. sodium laureth sulfate major surfactants 30
2. cocamidopropyl betaine minor surfactants 5
3. glycerine moisturizing 5
substances
4. water solvent 57
5. sodium chloride viscosity modifier 1-2
preservatives add
6. preservatives fragrance 0.5
7. perfume antioxidants/ 1
8. C.carandas Linn. fruit inhibitor of 1.4
extract tyrosinase enzyme
total 100

Figure 6 liquid soap from Carissa carandas Linn. fruit

extract
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Table 5 Results of testing the chemical properties of

Carissa carandas Linn. fruit extract liquid soap

attribute specified Test Evaluation
according to criteria results results
standard according
TIS 14-2019 to standard
TIS 14-2019
1. Total fat content  not less than  15.40 pass
(percentage by 12
mass)
2. pH value 4-8 45 pass
3. Free alkalinity not more than nd* pass
(percentage by mass 0.05
of NaOH)
4. substances that  not more than  0.45 pass

are insoluble in 2.0
ethanol (percentage

by mass)

* nd = not detected
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Abstract

The primary issues arising from the disruption of traditional face-to-face examinations in the exam room and the shift
to online exams are the unique facial expressions and behaviors of students, which are difficult for humans to
understand. The purposes of this research were to 1) develop a model of educational innovation for the assessment
of fraudulent conduct during online exams, using Atrtificial Intelligence (Al) based on an Automatic Student Facial
Expression Recognition (ASFER) system; 2) evaluate the effectiveness of the model through metrics such as

accuracy, precision, recall, and F-measure; and 3) evaluate the effectiveness of the model in assessing fraudulent
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intelligence-based automatic student facial expression recognition system

conduct during online exams, using Al based on an ASFER system during its actual use. The results revealed that
1) the model that was developed addressed the problem based on a deep learning method in artificial intelligence,
consisting of six steps: data collection from online exam videos, data preparation by extracting frames, development
of the Automatic Student Facial Expression Recognition Model, also known as STOU-ASFER using two algorithms:
a convolutional neural network (CNN) and a multilayer perceptron (MLP) for classifying the results into those exhibiting
a regular face and those exhibiting a face showing signs of fraudulent conduct, evaluation of the model using the four
main metrics of accuracy, precision, recall, and F-measure, parameter optimization, and deployment for real-time alerts
and summary reporting. 2) The evaluation of the model showed an accuracy value of 86.2%, a precision value of
77.34%, a recall value of 95.7%, and an F-measure of 85.6%, and 3) the evaluation of the model performed well in
predicting fraudulent behavior in the simulated examination environment. However, the model needs to be improved

for face detection when faces are randomly positioned and when small image sizes are encountered.

Keywords: Facial expressions, online examination, artificial intelligence, convolutional neural network, multi-layer

perceptron

o
YN
6 ' .21' A
INFDIWNITNITUNTIZ LA Talalsun 2019 w8
1n30-19 (COVID-19) §9naNIzNUBLIRiNdaLATgRaLss
Fiauvaalan I@slLawwzmaﬂi:ﬂmiai:uumsﬁﬂmlunﬂ
JEAUTH ﬁal,wi%'umgma Tz nNANE TUNTHNANEN
=3 g: =3 o v ' nl' d' v J &) U a
faruganfnw vildwmisnuiioadas Tududasiime
YSufsuslununmsteuuaznmsseuanni@uiiduwiuy
a @ 1% a & & . &
wdywihluiasion sudugduuveanlail (online) 9
ANIANTISERANTRABLULBaWIA (online courses)
Funwoawlai (online seminar) wazlastannzasnbins
& ) . . A o a
fauaanlai (online examinations) Autnalulad
a 6 = 1 a 6 & 6
AaNNILADT LATATIUTTULBUNDIIAG wRzLNAANDTH
(platforms) 619 ¢) LiTwmﬂhUaﬁumgumsdwmumsﬁﬂu
v ] iﬂl = I dl e
Wa3pn e nNidetiauazidunesnsu laglunans
In1Ineaylain1siaTuN AU NI NEIRTUNITROU
2wy LLaxmiﬂaaﬁumsnﬁmlummau%mﬂgﬂLL'mJ
2171 URIINYIRUINBATANFAINIARA AUNANBIAAA
a4 2 @1 Wiandad 360 asen aliAunwiinTauagu
NIURININAN YN LazawASIVaIRnAN I TINDI Fz IRy
v a {d‘u =2 v .:; Y s i v
winaanauReasNTnans ltrey tNatlaanwlalwi
6::' ' d‘ v a ' &
ensauazgUnisiitliiisadasiunissevaguulds
UNANE UV UeINNIROY LRz INLIaBLI Tl I3
lEnsasanaaniiaasnnane zoy wadn1INInLe
Yo X a < o ) o & &
lvsndnwdadsldsunsuilasnunisldauiusiiioas
(browser) AUITWINNIRAL (Safe Exam Browser: SEB)
uuqﬂﬂifﬁmammmmﬁaauﬁw LATERINNINTROULN B
lEnaasnnaauiitaasuasdnanmn ;Eqmaua:"l&immm
L'ﬁuﬂﬁwaﬁﬁfﬂﬁnmﬁmaﬂﬁazhamaumgudwﬁmﬂ'ﬂ@

Eim*’ﬁ’a;&amﬂLmddé"uuuﬁﬁwaﬁa%j Fademadan i
lugnimmasalunssevld woillunssevaassiaaas
wn"‘mmé’mzﬁmsﬁﬁﬁmﬁmwaaﬁnﬁnmﬁﬁquaau
saulatauanaigulalifiv 30 au agndlsfioalums
qma‘uLﬁi’ﬂﬁﬁwﬁﬂszﬁwﬁaaaamzﬁaqLﬂwamﬁ’mmﬁ'a
RINANIIUFAIDANNIIENUN (facial expression) L
wq?mssmjaaﬁfﬂﬁﬂmﬁmﬁﬂ’jwzdanﬁ@m%avlaj anavinlw
\adafianaaldaniiwnindnsnuunineis1wan
AN UAAAURAINRAVBINNNBIVBINIWANFANEN
Tuudaze

i g imsdszgndlininnrvasaanfiane’
Inent (computer vision) Lﬁiaﬁmﬁ’ﬂu%ﬁﬁ (face recognition)
wazas299uluniin (face detection) @991uiITavad
Ekundayo and Viriri (2021) ¥ Ianaqmansmeuazns
IIUUNY AN B INNTATDYANTIAIINTURAIDDNUY
Tunsh (Facial Expression Recognition: FER) Lazd 14338
289 Guodong and Na (2019) AnsnANMITOULTIAN
(deep learning) Wazdana3tuen9 9 1w lassnedszan
e (Artificial Neural Networks: ANN) lassaneszan
Lﬁﬂwﬂauilgfu (Convolutional Neural Network: CNN)
lassingdszanifsuuuunan Ll‘%u (Multi-Layer Perceptron:
MLP) Iﬂid"ijwﬂszmmmuﬁﬂu%ﬁ (Recurrent Neural
Network: RNN) W8z 1280210313205 §%uu U8 (Long
Short-Term Memory: LSTM) smSumsesnlumiveann
nMuazddlanuaunsuia(time series) lasluauidy
284 Ramzan et al. (2024) fimsuszandlilasstiodszan
Lﬁmmauiag%'uﬁvlﬁ%fumiﬂﬂamua’amﬁw (pre-trained)
Tunsasradufenssafidedndlunissevaanlaiain



586 Walisa Romsaiyud, Supawadee Theerathammakorn,
Pimpaka Prasertsilp and Pirom Konglerd

3dla wuimsahsuuuaasdslasstnedseannifiey
aauligfuiaianugneas (accuracy) 92% Hd1aa
Waie (precision) 92% UAIANATUNIW (recall) 92%
uazfiFndsedntnalassin 91%

wananitlunuideueng 9 HLABONIIATIIILIA
Faunaunluni (facial landmark detection) 8138lunns
AN T AN THATILLLTIREY LT% 9T Tued lgbal et al.
(2023) UWILFKOIDNIATIAAAMINEILAN (eye tracking)
ULaN13ATI9TUTAT (object detection) unlnaidlalu
wwinssevesuladuulassinslszamifivuneuln
%’uéaﬁmmmgﬂﬁaa (accuracy) §9814 92% UATITUITL
299 Soltane and Laouar (2021) WinLAN3EM5AT295
\FEI (voice detection) av93ulunih (face detection) N3
2931 lunIn (face recognition) LAZNNIATIINUAN (iris
detection) UwlWaIalalusznitemsseveawlaivulass
Podszamifisuaaulintu ad1elsianunisaeianis
waaseanuuluniuuudsalng (rea-time) wi30ans
m’m:jamnLLaszj'wﬁaumn“lumﬁ"wLmn“ﬂ’aga (data
classification) LLa:ﬁﬁVﬂqmﬁﬂHmz (feature extraction) U84
LwiazlwﬁwLﬁ'aﬁﬂﬁuumﬁaaaﬁmwgﬂﬁaaLm:u'nL‘ﬁ‘aﬁa
RMINFUNFIHEANSIDNA § LTW $1WI98U84 Abdullah
et al. (2020) lauNFUNENWITANTVEI 2 danaIDN laun
lasshedszamifisunauligdu wesnihoanuinsee
LU E MU NILLUSIa8INMIUFAIBENINI AR
1145ﬁiaﬁﬁmmgﬂﬁaagaﬁfm%ﬁﬁagamaau (test data)
WRZ9NWITBVEY Haghpanah et al. (2022) NEUNRIWIDNT
w4 2 dane3ty ldun lassdnodszannifivunauligtu
LLaiIﬂid"l'l’]Uﬂizﬁ”ml,ﬁmJLLUU%E]’]U%%&I’]ﬂJizqﬂ@ﬂﬂuﬂ’ﬁ
a%wuumhaaaw”w‘aﬁﬂﬁtmmﬁaadﬁmwgnﬁaagamn
£ 96% aolunud S ninnamsansmseinms
ININWITLAN G AINETI VIO WAUNIINAWILLVIIRE

e?m%’umsﬂs:Lﬁuwqaﬂssunﬁmzmnmsﬁauaau"l,aﬁ

dodygnldriuuszuunsuinuaaaanmain
2IhNANBILLL AR LG

FetuadToiivasinana 2 Ussidunan leun 1)
mMaawn iy IlluwginTsuniaiaewitemasey
sanladdindyanyefsiuuszuunisiuinsuaatean
myFmthvesinAnsuuudalula andyandssfug (Al
dudaneitun1asouiidedin 2 daneita leun lassiny
Uszanifisuunuaauliatu wslassinsdszamiiion
LULRANETH RasuunnIuEadaannaininindu
IU%ﬁwﬂﬂa%%aiu%ﬁwﬁdana%@ wa 2) MIUITNUNALLD

J Sci Technol MSU

IR0ITBABUAITY LUNIN (confusion matrix) laslEe
%’“s’m’msgm 4 @iﬂ@ﬁtfi@hﬂ'smgﬂﬁad (accuracy) AR
Wi (precision) ANANNAIUNIN (recall) LAZAN
Useansualagsn (F-measure) Aisnunsniinluldasslu
smwwadeumMIsauIaeianaasliifiuisanuiy
Tldlwrmed fiidusciefidassudsoudly vieliszuud
mmgﬂﬁama:u’n%aﬁa

nEiuazwIsefitiato
Lﬁamluﬁhuﬁmaa%mmqwﬁ wazuITof
AgaTas sauan 3 Ysndn 1dun msuaasaanmsinin
lavstnpdszamifisnaeubintu wazlasstnodszam
\Founuunanstu NoszBuadil
1. ATUEAIBBNNIANNN (Facial expressions)
MIUFAIBONNNRARIN fa NIuaasasual
%%ammjf?inmaaqﬂﬂaﬁ'mmsnuaal,ﬁuvl,@i”ﬁnﬂms
Wasuusswesnduiaunluwin 1w n1sby myvaae
&1 wiomssuntnn dadunsiessiadyluan
(Frank, 2001) Tmmmﬁ%’m&m‘lmg;ﬁiaLﬁuvl,ﬁﬁmﬁ'uﬁmi
WRAIBDNNERINULL R TR (Automatic Facial Expression
Recognition: AFER) a1unf1#1a4 Ekman (1992) 9
uwuzihansuaianuiiniuguiilfedradusnalunn
Jausyanli 6 a1suol ldun Awg (happiness) A1
Uszranala (surprise) AWINTT (anger) ANLAIN
(sadness) ANUNAI (fear) LazNI3LNBA (disgust) luns
maaaaummamaaﬂmammnimm;?’énﬁu,amaaﬂma
luwsh a:ﬁwaﬁagﬂmelaﬂwﬁ’]ﬁﬁmmammmnimm
Jenaanunludnsueriaguuudiag a3 Figure 1

€500 B

) anudsznanala (a

Ei'Z

(3.) ANUAT (3.) ANUNAT (

(n.) AN ( ) anulnss

ﬂ’]ii\‘ilﬂﬂ’\]

Figure 1 Examples from the FER2013 dataset for

each emotion with labeled data

97N Figure 1 (N.)-(.) WERAIAIBENI8ITNAUNT
6 Yszinnangadays FER2013 Admymuuaihamiy
Toyaudazilszian (labeled data)



Vol 44. No 6, November-December 2025

Assessment of fraudulent conduct during online exams using an artificial

intelligence-based automatic student facial expression recognition system

AMNIWITLVDI Mohamad Nezami et al. (2020)
UWUFBANIITNAIWILLUINABINITAAIINTNEINIINY DI
inFeuuundaludfdiodaneitunadouiizedin lagly
7adoyavad FER2013 91U 35,887 ¢natne dsznay
MedayafmwILENFaULULINNIWI 28,709 I8E1
WAzTBYRFIRIUNARBUULIIRBITIUIU 3,589 8L
drolansinodszanifisuasuligdu wuduuuinaes
mmsnﬁ'}mﬂwamsﬁﬁhm"mmaaﬁfm%wvlﬁgﬂﬁmﬁd
87.06% Uazlwauiduuad Gavade et al. (2023) anifin
MINAWITZUUNITZYURLIUUNNTURAIBDNN TR
N3G lauuLda lula %al,n_ia"qwﬁaymﬂu 2 Usznn fe
In§aalaficnoluin (@9esiadesusn) uaslnaiale
fimn ﬂluanWWLLamﬁauﬁﬂauquvlﬁ lasltdanastulasetne
ﬂszmmﬁymaﬂagﬁu LAEWUDEANUTN T FULUUEN
wazrmnaseulasnaiSoufisutivradayadng uaz
7078Ya91N FER WUIUuuINaadlananugndas 80%

Tassdnadszamifisanaunlgdu (Convolu-
tional Neural Network Algorithm ED) CNN)

lovstpdszanifisuaaulhiatuwdulassing
ﬂi:mﬂLﬁﬂuﬁgﬂaammumﬁf'm%'umiﬂs:maNamw
T NI MIanaduing wianIdszuna
HadayanIweni (Indolia et al., 2018) lanld3Tns
Awinuuunauliadu (convolutional) 1 ldlulasstiny
rldmansadiensdtoyavasninniaidleldadign
FBILRZIIASY MIMNUTBIlaTITeUszanifionaan
Tatu Uszneudis 4 duaen leud 1) %u%mw (input
layer) 2) %y'uﬂauh@%'u (convolutional layer) 3) %uwuaad
(pooling layer) LLas 4) %m%au‘[muuuawgnﬁ (fully-
connected layer) (Lapan , 2020) @3 Figure 2

Il
-
R

Image (Input)

Figure 2 Convolutional Neural Network

27N Figure 2 duaoumsrnauassanasiulas
dodszamifisuaauligtu ldud 1) %uauvgm (input
layer) Li‘ﬂu%y'ul,mﬂﬁﬁﬁaganﬁ mnﬁuﬁwmmﬂmﬁaga
Tilunniaes 2) %umauiag%’u (convolutional layer) w4

Tufimesvasuuusiaes %dﬁﬂﬁﬁwﬁaﬁmqmﬁnwmzﬁwﬁag
nnneed Usznaudis 2 duaan ldun mimmuadn
N84 (filters) W3aLAaSIUA ﬁiﬁ%%’ﬂﬂsaaﬁﬂwmzﬁﬁﬁtym"ﬁ
lums3indag lugtuunemosesfit uas unudsgmansmi
(feature maps) L UHAAWEINIUA B UM ST AUAGINTD
Lﬁamﬁagaﬁ%’lﬂlu%miavlﬁ 3) %y'uwua%?ia (pooling layer)
Lﬂu%uﬁmuﬁﬁmﬁwﬁﬁwmmmmmaa"ﬁ”aga 1oan
YUNAVBIINLADS ﬁﬁlﬁ"ﬁagaﬁmm@Lﬁﬂaui‘imﬁﬂuﬁu
Tayadualiy sanalimansainanuialunsyszang
nalatiuatnann uas 4) %m%‘aﬂmuuuawgmi (fully-
connected layer) Lﬂu%uq@ﬁﬂmfm%’mmmwaé’wﬁmaa
lassnodszannifisunauligdu

Tassdnelseamiisauuunat ez (Multi-
Layer Perceptron P ED) MLP)

Tasstnpyszaniisuununanssuidulaseng
ﬂi:a'mLﬁﬂuﬁgﬂaaﬂLmumﬁm%fun'mi’muﬂmw (image
classification) ﬂ’liﬁl@ﬁf’lgmmmam (speech recognition)
mswmﬂsrﬁaganm (time series prediction) LazNT
J1aTzATaANY (text analysis) ﬁﬁquﬁﬂmmﬁ%wjﬁnﬂ
ﬁagaﬁvlmﬂmﬁumd (non-linear data) 'lé \fasannld
Hardu activation Aliilwdadu Fananziudlymd
A8dNNIINIIIUBN (classification) LazN T8 (prediction)
(Zhang et al., 2018) MIruzaslasednaUszaniiau
LULRaN T Usznaudis 3 Tuaam laun Tusig (input
layer) 31142 1 T T AUTUNAENE (output layer) 1 S
Wazds wInTuton (hidden layer) agneios 1 51 laglu
R (Lapan , 2020) @4 Figure 3

Input layer

Hidden layers

Output layer

Figure 3 Multi-Layer Perceptron

971 Figure 3 TwAawN13N9U898aNa3DNNNT
FunapIZAUTY I@ﬂiagmiw;jﬁu'éuvgm (input layer) L e
o = ) v & ' .
yimstnaan nwwssdayadngtusan (hidden layer)
WoaaInFuuLTaya uunNLENIWANANLNTMTN (weight)

587



588 Walisa Romsaiyud, Supawadee Theerathammakorn,
Pimpaka Prasertsilp and Pirom Konglerd

YaInaazlnue (s'ﬁaﬁ@hfimﬁnmwwzsf'm%fuﬁwmmmfm
‘ﬁmﬁfn) NNt wazudasliaonan
VIunaans LLa:LLamwaﬁwfﬁ%mmﬁvg@] (output layer)
INEUIRTEN I RarwIsNasNEa Az
(Aggarwal, 2018)

A5ANNRWNI3I0Y
ilannlusnitveatursdunannisvineuaas
5zuumsﬂi:Lﬁuwqanisw“qﬁmm’mmiaauaauvlaﬁ
dodygnldsiuuszuunsuinuaaaanmain
YIUNANHILLLEALUTA 69 Figure 4

@ Video recording of

the online exam

Preprocessing the video
® 1) Extract frames: 25 frames per second

2) Detect faces: use a Mediapipe

g

@ Facial Landmark Detection

g

Feature Extraction

1) Landmark vectorization
@ 2) CNN feature extraction

3) Combine features (concatenate the

landmark vector with the CNN feature vector)

J

(G | Build a model with CNN + MLP

g

@ Real-Time Alert

U

® Post-exam report

Figure 4 The workflow of STOU-ASFER

J Sci Technol MSU

971 Figure 4 LEASIHABUNNTYNITHVDS STOU-
ASFER &91/3znaudas 7 duaen ldun 1. mytuiiniale
mssevaanlayl 2. MIszwanaidla Falsznavdie
2 duaandos laurd msusnwsy waznsaedulumiin
lal? Mediapipe 3. n13asaivyadanauulun 4. s
ANAR AN Fssenaude 3 Juaoudes laun 1) M3
F39INIABTUAUANIN 2) NIRNAY AN ULAIL CNN
WAz 3) TINQMANHIIIILNY Tasmsidanianiaas
WaUGNINALINIAe T MANBIAZTI CNN 5. MIaing
LULNROILLUNEIUWA28 CNN+MLP 6. N13LI9LAa kL
Boalnd was 7. MIFPINENURaIFED MUazBuadil
1. nstiwiindAlanisaavaanlai (Video
recording of the online exam)
dummihiddayannnnunuteyaves
ngNaE %aﬂszﬂauﬁaﬂﬂa§a1w53ﬁIaIUMﬁﬁmaaawaw
aﬁﬂi@“ﬁﬁ"auiu‘[mamﬁ%’yﬁfﬁwmu 80 A lasutiadu
2 ngy nguuINEWILEINReUULLIIRDY UAZNAROLULL
18049 NUWIB 50 A Lm:ﬂQuﬁaaaém%fumaaumﬂ%
U WU 30 A% (MURIHNRaLEAIRNUERLaUTN
Pulasimaifvamivgidiulasinseny 18 Yajwly)
dradelWaidlavainguéiatng fivnms
gouLaiionass lagvhnssaunisas 5, 10 uaz 15 wifl
ANTIWIWNTY s 5 WAl = 560%25 LW, 10 Wl =
10*60*25 Uz 15 w1l = 15*60*25 su nuLdugadaya
“;]tdﬁ&l(ﬂ 7,500+15,000+22,500 = 45,000 LA 3L wdadunng
FaULUVUNG 1398330 (innocent) = 35,000 L3 LazNS
FOULUUYNIIA (cheat) = 10,000 1W3u wazinuaie
Ay (labeled data) lasld3fn13szugasiiaives
wnanssufitieduluidle wiowsfididemaitanug
wardszaumsal na Nz donuasiana WrIAnenas
glaviusssandnT (2566) (UuszuumMIseULuUaanlal)
é’@%uﬂﬁiﬁmuwﬁa;&aﬁﬁﬂwUﬁwﬁuﬁgnﬁao FNTUNT
ﬁmumlwﬁwﬁlﬂmmuqﬁ@ (innocent) Aalumifidiasen
lunsh duniean Jluuunsnes nsdufsee aglu
Usnmmihee auszazanfimnue waslumihdduuuy
n930 (cheat) Aomsuaaslunsihfifidumisasenlumsi
E‘mgﬂLLuumwamﬁwaﬂauﬁamﬁ ALABNIINIAYE
lu%ﬁwﬁ;Lﬁmmum%@mmuﬁaumﬁwmé’thﬁﬁ
370157 Idrunteeueen laivadindnezay
ﬂ'%zytym’%l,l,a:s:é‘fuvi"wrrjﬁﬂ%fgtyﬁ W.A. 2563 N9 4 L)
Uiaaulunadnaausesinfne uazanauwiIdoves
Noorbehbahani et al. (2022) MAKANOFANTINNNTNIIA



Vol 44. No 6, November-December 2025

Assessment of fraudulent conduct during online exams using an artificial

intelligence-based automatic student facial expression recognition system

Tumsseusawlasl it 1) m3ldwitede wiaunsidoya
gaulaviveyinmIray 2) miﬁmu@lﬁqﬂﬂaﬁuaammu
3) mwammqhymﬁamﬂqﬂﬂaﬁmﬂumiaau 4) M3
%’u%%ammm’ﬁ’m’mmnqﬂﬂaé"u 5) NMIAANANLAS
smthedaseuliindnwvimauniainlulfludde 9 v
ez 6) ms‘l"ﬁqﬂﬂsnimé"auﬁw‘i"anﬁﬁaa’ml,uuﬁ@aaﬂ a3

Figure 5

Figure 5 Examples of Cheating Behaviors During

Online Exams
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Figure 6 The video preprocessing step
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Figure 8 Setting up facial landmark detection with 68

points on the face
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Table 1 Example of Parameter Settings for the CNN and
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Algorithms Types Settings
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Dropout 0.25 after pooling layers
MLP Dense1 512 units, ReLU
Dropout 0.5
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Dense3 128 units, ReLU
Dropout 0.3

Final Dense 1 unit, sigmoid

layer (for binary classification)
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CNN+MLP
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Accuracy 85.5 86.2
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learning models, including Naive Bayes, support vector machines, and 1D-CNN, and compares them with transformer-
based models, namely BERT Multilingual and WangchanBERTa, in analyzing game-related reviews using a dataset
primarily consisting of Thai-language comments. This research employs Bag of words, TF-IDF, and word2vec
techniques to generate text transformations for machine learning models and CNN model. In contrast, transformer
models employ pre-trained embeddings. The experimental results indicate that WangchanBERTa achieves the highest
overall performance, with an accuracy of 82.16%, a precision of 87.06%, a recall of 86.18%, and an F1-score of
86.62%. Meanwhile, the support vector machine method employing the Bag of Words technique demonstrates the
best performance among the machine learning models, with an accuracy of 81.26%. The experimental findings within
the text transformation methods indicate that feature extraction is a critical factor in optimizing the performance of
machine learning models. The study reveals that feature extraction methods focusing exclusively on individual words,
such as Bag-of-Words and TF-IDF, demonstrate greater effectiveness in feature extraction compared to context-aware
approaches such as word2vec. An analysis of the experimental results reveals that the accuracy of the best-performing
models in both categories differs by approximately 1%. The machine learning models achieve accuracy levels
comparable to those of the transformer models while requiring fewer resources, making them well-suited for resource-

constrained environments.

Keywords: Sentiment analysis, machine learning, feature extraction, natural language processing, game reviews
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70 test 30% WU 13,074 und lasududuaaa true
I 8,762 LD LAZANTE false 31UI% 4,312 D7 69
WE®y Table 5
25 nﬂiﬁﬂnﬁifl‘aﬂam&iﬂuqa(Improving
imbalanced data)
msﬁfﬂmﬁayaﬁvlmuqaLﬂuﬂizmu
miﬁé"}ﬁty@ia machine learning model Lﬁ:aamn“ﬁagaﬁ
Vl,aiau@;aa’mﬁﬂﬁﬁ’ame’%leufﬁaga"l,&uﬁuﬁLLazﬁLLmMu
fazanamsatlufsaananiidagneannnin sanalianu
winghpasmvmeaass lasmaiefigonlflunnsudly
ﬁag%’lﬁﬁa Random Oversampling (ROS) L8z Random

Table 3 Examples of word tokenization

J Sci Technol MSU

Undersampling (RUS) (Rojarath et al., 2024)

33013 ROS 1IWIENTANTINAIL
é’hamaﬁagasluﬂmaﬁﬁﬁwmuﬁarJ lasnidaaandiatng
ﬁﬁayjuﬁﬂuﬂmaﬁuw’nﬁ'u ldaanaRiisiwiutasd
Frwrudethafinduanlnddesiuaaaiiisiwimunn
3‘%msﬁ’ﬁ’sﬂﬁéf’sLLuumu']snSUuﬁmnﬁaazmﬁmﬂéﬁu
MnenaERTTIwINtes S99TruaanNusEs (bias)
PoFnUUdonaaRTsIwIuNn luwiuwdded training
dataset 31431 30,505 1072 L UARE true 31U 20,640
k!

Word segmentation techniques Word segmentation

[, Aunn’, a3y, saw, e, oy, aw, Ay, e, UM, N

newmm < A A & @
[lw, e, @, @, B, ‘@nar, ‘creative’, ‘&3, LW, e, 6w, LUy, 2, d]
[naunasy, waw, o, oy, aw, Ay, Liew, GULR LY
Multi_cut - 44 - .
[lw, i, @, B, e, ‘creative’, ‘aw’, lw, nudw, ‘wuw, ‘2, d]
[onar, @, a3y, saw, e, oy, Law, Ay, wilew), GUME !
deepcut

[, o, W, @, 1, @, ‘creative’, /Y, LW, e, Gw, LU, 2d]

ANR false 91UIU 9,865 W7 iald
ROS udgernsauaziiinwiu 41,280 Lo lasfinang true
W% 20,640 LD U ARIR false WU 20,640 LD
Wi G9usesh Figure 3 33m1s RUS tuiEnsaasuan
fatnsluasnaindsnwnanas I IAIFUALAIDEILN
§1%08NINARFNRTINWINLIN Lﬁalﬁaﬁmwﬁagaiu

L A
ATV UA

ditype: inté

20000 1

17500

15000 4

12500 4

10000 4

7500

3
&

recommended

Figure 3 Graph after performing Random Oversampling
(ROS) technique

dtype: int64
10000 4

8000 1

6000 1

2000 1

True

]

recommended

Figure 4 Graph after performing Random Undersam-

pling (RUS) technique

mmauqaﬁmmaﬁﬁﬁhmuﬁaﬂ 3%
ﬁﬂslﬁfiaﬁﬁhmuﬁagaluﬂma’meavsﬁomnﬁu"ﬁJua:
sonalivmnadoyansvualngifivly sanavilinis
Uszmnanauaznsiinduuuldiimunu nsevedaya
335 RUS 9zvinlvnszunumsiindudiuoniiiiu
wazaamilininennsiwumannlumatszanans anga
Anaaua1uIn 30,505 wad lasdaana true I1UI% 20,640
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W07 Waz AR false S1WI% 9,865 U0 Lilald RUS uda
gafnzauaziiiiwin 19,730 und landaaa true U
9,865 L7 WAz ARNE false ITWIW 9,865 LDIYINN 619
Figure 4
3. miﬁﬁ‘ﬂ@mﬁﬂﬂmzﬁtﬂw(Feature Extraction)
31 N1IF39ARIAIENY (Bag of Words)
lagldNaridu CountVectorizer 311
laus13 scikit-learn G9azvinnsutasdonnuluudas
renansiiatlugUuuuves Bag of Words lagnsiuanuam
aidrnglundazionas nszuaumsitlisulasduses
awsaanunaslwdihonsol udaulairenladsing
waztlsngiafsluudazionsns lasfidfinuanniiga 10
UL ﬁdLLﬁ(ﬂ\‘l‘ﬁl Figure 5
3.2 nrAALRanAmanN®MEAIY TF-IDF
(Term Frequency-Inverse Document Frequency)
1N Fu ThdfVectorizer 31NbaLUINT scikit-learn 11w
wafiafldmsUsduanuidguesidwiluzadoyad
lu text Tnsmslaiminunednianunnuiivesen
19 lwanansudassnoms

Table 4 Examples of stop word removal.

words words + stop words

LAY, &, 970, AU, 1w, 16, 817, NN, @, L8u, e, Liau,

LA, NU, WD, &N, 1N Py

[&%N, NN, 10, A, Lo, 8%, U6, [FUN, NN, A%, B, LA,
fa, 719, o, aenn, 1au, de, uz, V0309]

VD34, 8]

Table 5 Data splitting.

Dataset Instances True False
Training set 30,505 20,640 9,865
Test set 13,074 8,762 4,312

WAL AN LA AN AW 7S]
anuEdgiluenaInimuavaIzatays
Term Frequency (TF) (dudfiuan

anudzasadwindnngluenss asgunish 1

-
Fwauasaiisidnd € dsingluenans d (1

TF(t,d) =

2
Sunudmanualuends d
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Inverse Document Frequency (IDF)
Hum s maninminfiuaasisnnuilumsldanis
dlaganflduaslwanasaziian IDF a1 Sananpdsen
swliddmannlwdanunugvasenansiug sauend
anihanlgiaaluwanansasdien IDF g Foaunnsn 2

Top 10 Most Frequent Words

30000

250001

20000

3 15000 1

Frequency

16000 -

. .
& @ o oo @ ;@0"" ® S W
Words &

Figure 5 Top 10 most frequent words

IDF(t’ D) — lOg ( Suenasianualugateya D ) 2

. dae o o z
Samenasfiisdnn ¢ Usinglui

AIHU BINNTANUIMNIRDIFIBNIIIN
A 2zlednseuiamindl TF-IDF lagazindn TF nuedn
IDF igaudndienu Sudunifausnaianua Ay
TaamsIRuIRTna LAz a L anN&ITLARZTIUNNT 619
u
FuNNIN 3

TF — IDF(t,d,D) = TF(t,d) - IDF(t,D) ®3)

3.3 NMIAaLEaNAMANEMLAIY Word2Vec
Wunislwnefienanfildlunisats

Word Embedding $915u3&nsfiutas text Wilwnniaes
Famun50 1l TIUAIN RNV DIT UAZ AN IS
izwmﬁ”lvlﬁﬁ%u lasls Continuous Bag of Words (CBoW)
lun13i5uu3 word embeddings las@uuuazweIIN
ywgefiduinang ﬁaﬁmianmamﬂﬁﬁﬁagiau
ﬁwaﬁag’sau 5 msnlutsslon Gegaalien WULITEUINTS
WNWANURIN B BIRN IWLSUNAREI NN G9aunnsT 4

Context = {Wi_¢, We—c41s s Wem1, Wit oo s Weac (4)

fnsuanthnune w, ludszloa an

. « A - “ o 4

sau g zgnimualln € 39anvaziiawia Cdanwihag

dudauazauan laga1sey g zpnunuiidaoiniaes

CBoW ltiniaasvasnlu context tiwaaan1saiaLin
AU W, a98NNNTN 5
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T

e Wt'h
PWt|C) = ———— (5)
wih
Yweve Wt
A A & A A
lasfl h fariniaesiadsay context words, V. @e 1an

6 o = o & o o
lasvaIa vy Las Vﬂa"q@"uadmmwmsluﬂmm

4. NIAS AUV
4.1 Naive Bayes Multinomial
Naive Bayes Multinomial Iu8ana3fia

msﬁfwLLuﬂﬂianﬂﬁlﬁuﬂwsﬂszuaaNa"ﬂ’a;&aﬂizmﬂ
PAAIY LT NTIAUTLANLANES HIDNITIATIZHAMY
Aavin lapBemamnufjuas Bayes unsiisunfigiwitudas
P € & a o o A a
WaaJudaszaniu “anMINUIIUVBING 1] Bayes
aumsﬁm%’umsﬁ’lmmm’muwztﬂuﬁﬁaya X %ag’lu

=1
MR Cp, AD

P(x|Cy) - P(C
p(culo = 2100 PG

(6)

8§11 3U Naive Bayes Multinomial 33%a
lFduuumsammwmanutnazidusasmaiiadiaas fa
mudaanny lagmsiuawinassvesaudszanlang

luaang Ck FaruireragunIsn 7

inlck + «

P(x;|C) = ——~—
(xll k) NCk+ a-V

(7)
ARINAWIMANN UL T uVaIa
LARZALELY AU UUeINITBAINY X ’RIN1TD

o o -
ﬂ’]%’lmvl@]"iﬂﬂﬁllﬂ’ﬁﬂ 8

PGilCo = | [ Pexilco -
i=1

log x; Aa é’wé’uﬁﬂﬁﬂmngiwﬁamm

T uaz n A8 SwInATInualudaa
mnﬁué’muu Naive Bayes Multino-
mial AVINMIANWIHAN NI TUBBILGRZA P(C,|x)
LLazﬁwmiLﬁaﬂﬂmaﬁﬁmmmmauﬂugaqmﬂuﬁmau
4.2 Support Vector Machine LUy Linear
Support Vector Machine LU linear WD
é’ana‘%ﬁm’mﬁLLumJi:mﬂﬁlﬁﬁumﬂumnmnﬁaga
sanidusasnans T,ﬂﬂﬁﬁ’mqﬂsmmﬂumimma‘ummmi
ﬁ@ﬁulﬂﬁaﬁqwfdﬁﬂﬂﬂ’l hyperplane lag hyperplane ﬁ

J Sci Technol MSU

ﬁﬁq@ ﬁaLﬁuﬁ;ﬁﬂﬁszUzmaszmwﬁagamﬂaaaﬂmaﬁ'
n& hyperplane ‘ﬁlqﬂﬁmmﬂﬁqm %a“ﬁagaﬁaglﬂﬁ hyper-
plane fi3onin support vectors %%a@@ﬁagaﬁaglﬂﬁﬁu
Wuutisznisaaauazgnltlummnuasaniwavasms
R

SVM WENEnumenuadtiniaainmein
(W)uazein bias (b)amlsiTuaunisvenduass &

FUNNIN 9

f(X) = WTX +b (9)

lasLd hyperplane #azusndayaann
ROIARR L6 iagamnﬂma%ﬁaﬁaaagjiilmﬁwmLﬁmmx
ﬁagamﬂﬁﬂﬂmawﬁdﬁmagjiﬁlm'ia“ﬁm FIRNNTOT DU

Gawlunsanuunlenlln G9gun1sn 10

yiwTx; +b) > 1 10)

smudayannd X lugedayanistin
Toofi Vi Aonmavestoys B9 yi=19%0 y,=—19u
ag}iﬁ‘uamawaaﬁaga G'f%d svm Wmm&lﬁi}:m hyperplane
Aivrnlsza2i19329i19 support vectors IMNFBIAMFIIAN
GALE Tapszasvnsiiizonia margin Zagumslumamen
margin Famunnsn 11

2 (11)
Margin = ——
I Tl

lagmm Wl wunsfis msmawa
PDINNABIUNWIN W 955 SVM 9zWensnumian W
fivinls margin mﬂ'ﬁqﬂ G‘f}aLLﬂmLﬂummﬁﬂtymslugﬂuuu
Horian ldesaunish 12

in— z (12)
min— ||lw
ninz |[wl|

meldFouly y,(wTx; +b) = 1
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4.3 1D-CNN (1D Convolutional Neural
Networks)
1D-CNN ilulasstnsdszanifisugy
wuuwite ﬁi%ﬁwﬁuﬂi:mawa“ﬁagaﬁlﬂuﬁﬁu YNNI
convolution ﬁuﬁagalugﬂmaannma%ﬁaga wWuy 1 N6
ﬂsznauéﬁwmy"ﬁy'm]awﬁaﬂuﬁamiﬁmaﬂ'sgﬁu Y
11 max pooling mMIFnu fully connected layers LLasn13
14 activation functions LAadsdnwmLAwfiIRgITasiy
CRLITEHE
WBLEas ConviD WIA ILYIIANTATUITE
mInauligdu 1D vudayasdy midwimniInaulyg
Fusnunsausasdugumslddiaunisf 13

k-1

YO = Gw)(©) = ) xE+Dwd  (19)

i=0

‘SI = v a ‘!I o 1
lasfi x(t) ABVBYRDUNANATWALD ¢
sz w(i) felawnatnaubaiuifiowa k uazliweidu
MINTZGULLL RelU LiNaLAXA214 non-linearity TAuen
wuundannmInenhigiuasinin azld MaxPooling 1e
HaIUIAVDY feature map N3N MaxPooling 928aNG
dayalasifandrannfigaanynaunisfimnuaiagde
Y ) A & o o
Nuun feature map WITIWFIUNLIDIUGZAANNNTUTO
k3 o . gn A 6 0o o 2 d'
wo3T8Ya N13111 pooling Az nasfiaasadylivuztiaa
21Nava9 input LNaliiranzauiUIaasiall asauns
i 14

y(t) = max (x(t), x(t + 1)) (14)

mnﬁvfua:vi’wmiﬂauhg’ﬁ'uua: pooling
71 TaglsWainas 64 uas 32 renusey wasdsaslduuna
Hatmafviiiy 5 tiwed G9ezTrodeanumedutouann
%umn‘*ﬁ’agaLﬁaﬂszmawa@iavlﬂlw,ﬂ%mhﬂ Supaudelyl
a:ﬁﬂnﬁa@ﬁa“ﬁa;&aﬁammimfwmmﬂ'ﬁ'q@mﬂ feature
map ﬁd%&l(ﬂaaﬂm 1IN global max pooling ﬁﬁ]:ﬂa
Toyarsmaalmiiunniaesiden Tasasiliaasisndnyiige
mnﬂﬁa;&aﬁwﬁuﬁy’mm

WRI9INN3 pooling L&D iagaﬁvlﬁa:gﬂ
g6 U9 fully connected layers &adlateas lagialoas

WINARUIBYTZNIRNE 64 %umw%aumim:ﬁmmu
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ReLU WazlaleasNaaslniioszuians 1 niulawsiay
MNINTZGUULY sigmoid WariTu sigmoid G9aun13f 15

o) = T (19

naunIsh 15 Nerfduitazilion
Hadwsleglustunuanuinazu FamanzaEmsums
IUwNUITANUDY binary classification AaulsTayaaan
Wusasszinn 61";mezgﬂﬂawvlwﬂ@ﬂl‘*ﬁéf’;ﬂ%'um
Adam LLa¢ loss function LWUU binary crossentropy "f;dmm:
fnIuTrnIn1IuwnUIzsiANLUY binary classification
i:m’mmsﬂﬂéhLLumlzﬂ%'uffmﬁﬂmaamma’?@ha6] Wie

AT ORANANA MANITTILWNAARIDLIG DL

4.4 BERT Multilingual (nBERT)

mBERT ifluduuunsdlddugiuain
las9a9ve9 BERT Lwiﬁm*sﬂ%'uﬂ'gma:aaﬂLmumlﬁ
RNNZENAUUSUNALAN G T D 0IN U891 720078

NATBNA
U

Output
probabilities

Linear

-~

Add & Norm

Feed-Forward

Add & Norm

Multi-Head
Attention

Input
Embedding

4 1
| Gamereviews !
H dataset [

I
\ ’

Figure 6 The structure of the BERT model
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Masked Language Model

Input I [cLs) I L [MASK]| im | Twa (sEP]

Figure 7 The structure of Mask Language Model

. a [ s 6
7N Figure 6 LEFAINITUATIENNIAND

A IUMINIUIINT AN NBUN AN VAALAULTILINKI D
\F9ay 1aslassaaues BERT 2145z U103 embed-
ding eNLULYTZNaUAINTZTLIRANT lauA 1) token

embedding N=UIMNNTULRIAIATE token luﬁaﬂaﬂulﬁ

aylmﬂuuwamnmas \% [CLS], [SEP] uasenau 9
Faudazianiaaies wammamwwmwmﬂiﬁm'sLLuu
Lmﬂﬁmmwaamluﬂiﬂm 2) position embedding 12N
ma‘?ﬁi:q@hLmuwaaﬁﬂuﬂiﬂm LRI et bt
i lasaupasanludannule 15w dunsisas [CLS] 7

uaasfisaiTnduYaItanIu 3) segment embedding 17

Lﬁaizqiw token laagludszloalnu winfinalSoufioy
Urloaniofianzienuduiuisznitedeanusesga
in Usloaeanuuazainey e embeddings MRE Y
funNAwIzgNEIWINGILDY BERT Tap#i BERT 92
ﬂ"'\mmuazﬁ'lﬂ'lil,‘%ﬂug;”ﬁnm]”agalunﬂ@hLmuwawfﬂu
T8RN INUUNAEINERA LT NEURIS [CLS] Bl
FumibsRLERlEnsUM Il ssinnassanna oz
gnsl,‘ﬁ'l,un'liﬂmafm'jﬁammﬁuﬁmwﬁﬂL‘ﬁw,%amn
AIDLTIAU Iﬂﬂﬂﬂ?\ﬂ:l’ﬁ%uqﬂﬁﬂumaa BERT L8R Wb
a1 anuiaziduweudazaas

4.5 WangchanBERTa

WangchanBERTa 1T Thai Transformer
-based NLP Model ld#annsuas RoBERTa lasums
WA LASLaNIZE B TUNTUTZNIANA AT BN TITNTIA bib
M nelasltaasuwinananlunsindudiuuy fe
encoder only model ugasfi Figure 6 Falluaanilagnssy
UL transformers gﬂmeﬁaﬁl‘ﬁmumu encoder LNt
Iﬂf_lil'ﬂazgﬂ pre-train #2833 Masked Language Modeling
(MLM) wa@sfi Figure 7 Gauflumaiduanivnglulmanie
Uselga Tasduuunmendszinnitezfaiuaialunig
uiRgTesiumvnanugn lan s sssuma 1wy
AUULNITIULBNUILLANVDITDANN RIBFILLLATE

J Sci Technol MSU

wazd® MLM %%amivhmﬂﬁwluﬂsziﬂﬂﬁgﬂLquﬁﬁaﬂ
masked token I@yqﬂﬁagaﬁlﬂumimmﬁmuu iilu
TaTayaNUREIEI g 15U FRdsnmlng 41990
st lulsundlng Tnart aaunandelmoad
Wi dulaiaannlasinis OpenSubtities wazya| agaé‘w]
ﬁﬁmimsJLst'LLazLi‘]mj”a%mg&mmsmm:ém%’umsﬂmiu
duuumadszananams inglulandens g 15w machine
translation, sentiment analysis L8 text classification 373
\udayauuia 78.5 GB Lﬁaqﬁwmiﬁm@ﬁagmﬁwgﬁa
LUULR YNNI Y masked token 3@ aINAL
NIZUIBNITAALLIIAT

Tagmsdaudaeniiliinaziin 4 tuny
NIAaLLIA fa 1) NIdauLisrieatas (subword-
level tokenization) @val,amw’%' SentencePiece (spm) lag
Mmaaudsninuadasandudayaniaiavesnsling
s"mﬁ'umaa61'3é’ﬂmlwgmﬁagaglumiﬁmumaummjaa
ABANEaY 2) MIFALLIAIN dictionary VaIanlu
M e maximal matching algorithm (newmm) @28
laus73 PyThaiNLP 3) msdauiawensdlunsnlingann
dictionary YINEIA b EN INBee maximal matching
algorithm (%'au'adw syllable) fe'lauss PyThaiNLP 4)
NIAAULIANINAILLL machine learning (sefr)

WNAN13398
31NN TNAReINNFILL LAl FaanTasnITa
Transformer wazlasuniswauilasianizdIniuniy
Uz aNaM I FITNTIA N1 Ine
1. mMsasamIiaes
11 M5RIAINIINLADS Naive Bayes
Multinomial
luﬂwsﬁwmuﬁu‘ﬁagaﬁamwmminﬁ
Snwadadszansmwuasiuould Tasluiidnnsaeen
wan<g leun 1) alpha #an3 Aemugunsilasiums
\i overfitting LAZAILANAIA bias YoIFUULRBFTIN
o1n udniilFlumsawmanahanduldusiymen
ﬁvlmﬂﬂwuslwgm?aga train lagaNNIONARBIANG G LT
0.01, 0.1, 1.0, uaz 10.0 Lﬁag'jwmﬁﬁﬁqum%'uﬂgwﬁaga
mﬁgaﬁlzﬁﬂﬁms smoothing N3 wafenarinlien
wwuggdsanumansalunseuiandayaiiely 2)
fit_prior ARlErmue prior probabilities PoIuARANEN
ldandayatin féailn true dauuuazld prior probabil-
ities ﬁvl,éfmn“ﬁa%laﬂﬂ tuilu false FUDDITFUYAIUGRE
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AaRN prior ‘?%L‘Yi’lﬁuB) class_prior \udn Al imu prior
probability SR TLUARZANE Famunsaldendmnuaiin
86138 none WNLUu none MLULAZAIWITL prior 31N
Fayanstin andfimnnaludadazasldmunsnyoany
ianduliiminzauiunmnszangvastoyalugadin
@UUY Naive bayes UL bag of words ﬂ"lW’]T]ﬁmai{ﬁ
aﬁqﬂﬁa alpha ﬁ 0.1, limnua class_prior (Lﬂu none)
waz fit_prior saiiln true ‘[@ﬂé}”ﬁ’]ﬂ’nugﬂﬁaaﬁﬁq@ﬁa
0.8323 ¢au1@uuy Naive bayes wuyu TF-IDF ¢
Wﬁ']ﬁl,@]a%ﬁ@ﬁg@mﬂﬂﬁgam alpha # 0.1, limwua
class_prior W fit_prior V?lt\‘ll,ﬂu true Iﬂﬂvlﬁﬁﬁﬂ’aﬁugﬂﬁad
ﬁﬁﬁq@ﬁa 0.8313 UAZFAYNEMNINARBIFILAIMDY Naive
bayes LWUL word2vec ﬁﬁWWi’lﬁL@la%ﬁ@“ﬁ‘qwﬁa alpha ﬁ
15.0, limnua class_prior Wae fit_prior (?Itdtﬂu false lag
vl,@i”mmmgnﬁaaﬁaﬁq@ 9 0.6820
1.2 M3AReAININALABS Support Vector
Machines (Linear Kernel)
mMsasrmiiaeinananiy SVM
Iéuri e C st Aomniliaainangwiu SYM ﬁmuqm
ANINTZANBURY hyperplane lumsianaaa winen C &
mﬁgmwmﬂﬁamﬂﬁmm@ﬁnujﬁ'umia@ﬁaﬁ@wm@
Tun s usnUsE AN % %amaﬁﬂﬂgms overfitting
Iumm:ﬁ@hﬁ@fw:ﬁﬂﬁéhLmuﬁmmﬁwaqiumn"’ﬁu h
813v WLAanT underfitting latzuiu mInaaaslddn
ARNRANY L% 0.1, 1, 10, uaz 100 Azt lRaNuNTaf UM
mﬁmmzﬁwﬁqﬂéwﬁwﬁa;&ﬂﬁ
§1TUAILLY SVM UL BoW i1 C
ﬁﬁﬁqm fa 1 lawldeanugndas da 0.8424 daudauuy
VM wuy TF-IDF Aflen C ﬁﬁﬁq@ 0 0.1 lagldraaa

' '
¥ AAdA

NAasNANgaAe 0.8357 UaTAmLUL SVM LUL Word2Vec
Aaa A

@1 C nange @
.7388

()]

0.1 laglddranugndasiidfigade

O &) eD

1.3 NIINIAINIIINLADS 1D-CNN
lunsdsennanatoniny Jnanoadd

o o A

dsznaufisddisinadalse@nsnnuasduuy msld

A

ConviD wuwmﬂlums%’uﬁﬂumwaaﬁagaﬁ'Lﬂué’wé’]’u
Tagluditldrmuaswnilanesd 128 swevasiainas
# 5 uazldWarFunsaldiu ReLU 1oty non-linear
Ihuduuy ﬁagaﬁ'mums convolutions gn&d Ll
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niuiinsle conviD dnsasads lay
ANUIUAALADTAIARD 64 WAz 32 eNAGU wazlT
MaxPooIing1DluLL@ia:%uLﬁaﬁuUa@ﬁamaﬁagalﬁtﬁnm
an ®&8931NN1T convolutions LA pooling %mﬂ%‘l«k ﬁaga
aznnai i GlobalMaxPooling1D Gst20lunsasi i
m’méﬁﬁrygdq@awnﬁwﬁuﬁd%uﬂluLL@iazWLﬁ]ai’ IRRGE
azgm%amiarﬁng%u dense Al 64 Arsouuazldardu
matalfnu ReLU Lﬁalﬁé’muumminL’%wiﬁﬂwmz
ANNFNRTUEATUTouleaT %y'uqmﬁmﬁa dense #if
favan 1 duasldfeidunmandaldom sigmoid tialy
HadWEAL I uAANIe IuTEnINg 0 uas 1 §mSums
suwnysziandiidiu binary

E;I@WT’] an3lE Adam 1Tu optimizer ﬁL‘TJu

'
Aa

Aol deep learning Gstaolunsmendinanzay
ldag197990157 Tl loss function 1Tu binary_crossen-
tropy 6‘?3\1mm:ﬁuﬁf'm%'uﬂagmmsﬁi’%l,uﬂﬂimw binary
LaZMIEIAN epochs W& batch_size L{ugauganlums
fInduuy 1D-CNN Gsiinadayszaniainuazainy
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Table 6 Performance comparison of different imbalanced
data handling methods for Naive Bayes classifi-

cation using bag of words representation.

Balanced Data

Evaluation Met-

J Sci Technol MSU

\oRansanannnadwiwuin ROS 1
mﬂﬁﬂﬁmmzauﬁq@lumiﬁ@mﬁagaﬁwauqa
1fie991n ROS TreifinsiwminiretsluamaRiisnwim
ﬁaﬂmymiﬁ@aaﬂ"ﬁagamnﬂmaﬁu Farnlieuuudesn
%“é’nwm:maamjuﬁaﬂvlﬁﬁ%u nafilddadn precision ﬁga

Jua1n 83.69% v 87.12%

Do 2

Table 7 Performance comparison of machine learning

. Imbalanced Data ROS RUS

rics models.

Accuracy 82.00 79.53 79.56 Evaluation metrics

Precision 83.69 87.12 88.31 Models Features .\ (sTD) Accu- Precision Recall Fi-Score

Recall 90.84 81.51 80.10 racy

F1-Score 87.12 84.22 84.00 Naive —— BoW 08710009 7955 g712 8151 8422

Bayes
TFDF 082 00097 7900  g799 7952  83.54
) LLaziﬁma:LuuLmugmnmagavlmizﬁu Word2Ves 068 0002 3, - cver  sume  reee
AU BERT multilingual 381 num_train_epochs NanNga
! SVM BoWw  0.83 0.0111

fia 6 waweN train_batch_size ﬁﬁﬁq@] o 64 laglaranw
gnﬁaaﬁﬁﬁq@ fla 0.78 &IuAILLL WangchanBERTa &
#1 num_train_epochs ﬁ'aﬁ'q@ fa 3 WazA train_batch
size ﬁa*ﬁ'q@ fio 64 I@mvl,@‘]”mmmgnﬁaoﬁﬁﬁqm o 0.90

2. wansuisuiiisumsianisteyan liasga

Twaudsuiiadszansnwuesduuy
8 fANANDNADY (Accuracy) ANAULLAIEN (Precision)
AANNTERN (Recall) AANTNqa (F1-score) (Khrua-
hong et al., 2022; Phiphitphatphaisit & Surinta, 2024)

a]'mmim‘%ﬂuLﬁﬂuﬁ‘fﬁ'mﬁ@mﬁagaﬁ
liayan ldun 33 ROS uazA® RUS lagldiEn1sdnuun
Use1nna8 §auuy Naive bayes WUL BoW Wazia
ﬂsz?m%mwum”aylamaauvl,ﬁwamil,ﬂ%ﬂuLﬁﬁumi’ﬂ
UILANTNIWEAN ) LEAIAY Table 6

910 Table 6 WuINAIANNDNGBIVDS
q@iagaﬁ"l,&iawqaagﬁ 82.00% aisuiunsldinadia
ROS uaz RUS @sl#en accuracy Indidwsin lan ROS
o)l 79.53% waz RUS agjfi 79.56% d1m3ush precision
maaﬁagm‘%ﬁﬁuag‘ﬁ 83.69% Unizdi ROS e precision
gl 87.12% uaz RUS gagafl 88.31% lusmisfien
recall maaqﬂﬁagaﬁ%amagoﬁqﬂﬁ 90.84% ¢NGI8
ROS 7ifl recall 81.51% waz RUS 7 80.10% ¢1 F1-score
FallunAaeiauns precision WAz recall WUINTaTaYA
ﬁ"l,aiam;aﬁm F1-score ag"'?'i 87.12% Gsamnaintanila
14 Ros Taufien F1-score agjfi 84.22% waz RUS 1 F1-
score ‘ﬁ 84.00%

81.26 85.80 86.33 86.06

TF-IDF  0.82 0.0100 o),  gg98 8373  85.32

Word2Vec 074 0.0051 7579  gg03 7091  77.74

LﬁadmﬂéhLmumm‘mﬁwmﬂﬂmaﬂéu
wouldaingds usin recal a:aﬂaufial,ﬁﬂuﬁ'umﬁaga
ﬁ"l,xiam!amﬂ 90.84% LIl 81.51% Le@ recall 189 ROS
ﬁagan’jwm recall 289 RUS 7 80.10% &9ugas31 ROS
ﬁ'&mmmm%’mmamjuﬁaﬂ"lﬁﬁLLiTa:Lﬁuﬁwmué’aama
sluﬂajuﬁam%u F1-Score 283 ROS ag’ﬁ 84.22% Gsusiaz
a@mmniagm’%luﬁuﬁ 87.12% LL@iﬁaﬂdaglm:ﬁuﬁmm:
sudafouiumsle RUS Aden Fi-score 71 84% &9
WEANNI ROS @ANTATNENENARIZWING precision
waz recall lddnin uaziitasann ROS lildaudayaan
amangulnajiniiontiv RUS m3ld Ros Fshinnlwgn
Lﬁﬂ*’ﬁ’ayaﬁmaﬁﬂ'nué’]ﬁzya'mﬂmalmyvlﬂ Mmldenuy
ﬁammm’mL%Uu;s;’mﬂ“ﬁa%laﬁv'mmvlﬁ

Fovs MNHAAWERALEH ROS F91lusE
°?imm:aun’jﬂumﬁ@m'sﬁuiaEa‘ﬁlvl&iauqa LT
LﬁwmwLL&iuﬂﬂumiﬁwmr_lﬂmaﬂf,g'uﬁaﬂ laglainin 1w

@ LL1_|'1_|L%ﬂﬁ@ﬂhﬂ'ﬁﬁﬂuj?mﬂ**ﬁayaﬁmadﬂma

3. Wan19398 Machine Learning Model

1 .:qf & = A s cAY o
sautastdunsdSoufisunadanin laan
n1IUTe i b3 ENTNINYAY machine learning model

léuri Naive bayes Uaz SVM dwSumsaunnanuda



Vol 44. No 6, November-December 2025

LAY aa@“l:oiumu 1aul437 feature extraction SIUAUALG
LUY machine learning model leun Bag of Words, TF-IDF
W& Word2gec kaz CNN model l@itni 1D-CNN 310 Table
7 AusasmaFuufisulssansnwsning 2 Ussinnén
WUUWUI1 machine learning model laun 55 SVM i
UrzaranaTIuNwIUINARA BoW (SVM+BoW) fieniaay
YBIA1 accuracy AldnmsmageuduULLY 5 fold
cross validation L¥inAU 0.83 ®38 83% %Gmﬂﬁqmmzﬁ
¢ standard deviation 1¥infiu 0.0111 wunsaNylainms
WALl a9a9a accuracy TeWINuaay fold flenifins
wiRgsaniesuaasiduuulnnuaiosadanasey
AU fold Ae9im wazidofiouys=ansn WAy CNN
model AUFAILH Table 9 MITaFLUASNTVRING 7 62
nunLaaslifinin SVM+Bow 1wisnsilien accuracy
go7igafl 81.26% 91 CNN model Faifia 1D-CNN e
accuracy faninf 72.96%
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Table 8 Performance comparison of transformer models.

Evaluation metrics

Evaluating model performance for sentiment analysis on game reviews

Transformer
Model 5-CV F1-
odels Accuracy Precision Recall
(STD) Score
BERT Multilingual 78.03 83.74 83.57 78.03
WangchanBERTa 82.16 87.06 86.18 86.62

Table 9 Performance comparison of 1D-CNN model.

Evaluation metrics

Model Features
Accuracy Precision Recall F1-Score
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Figure 13 Comparative analysis of the accuracy performance across the three model categories
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Figure 14 Comparison of accuracy and training time across the best-performing model categories

Table 10 A comparison of the training time of sentiment

analysis models

Models Training time (seconds)
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Abstract

Managing missing data by data imputation always challenges the subsequent data analysis process. Especially when
a small amount of important data cannot be eliminated. In General, missing data can be imputed by filling its central
value, such as the mean or mode value, although such methods might be unsuitable for every dataset with various
distributions. Therefore, machine learning approaches to predict missing values are an interesting option. In this
research, the impact of five missing data imputation methods was experimented with by clustering data with three
missing rate levels. Two simulated 2D datasets and one real-world bank customer dataset were used in this work.
Five missing data imputation methods, including Mean/Mode, K-Nearest Neighbors (KNN), Multivariate Imputation by
Chained Equations (MICE), KNN, MICE Random Forest, and MICE Bayesian Ridge methods, were compared. After

imputation, the data were clustered by both Hierarchical Clustering and Density-based Spatial Clustering of
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A comparative study on imputation methods for clustering with missing data

Applications with Noise (DBSCAN) Clustering approaches with various parameter setups for comparison. The

experimental results show that KNN, MICE KNN, and MICE Random Forest imputation methods usually perform well,

and consistently yield high values of Adjusted Rand Index (ARI), Normalized Mutual Information (NMI), Fowlkes-

Mallows Index (FMI), and Purity regardless of data missing rate level. In addition, each clustering method may be

suitable for each dataset differently. Therefore, using both an appropriate clustering approach and an imputation

method to fill up data in this study, rather than traditional mean and mode imputation techniques, can expressively

enhance clustering performance values ranging from 0.81 to nearly 1.

Keywords: Hierarchical clustering, DBSCAN clustering, missing data, imputation method
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Figure 1 Overview of the experimental processes
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Table 1 Data used in the experiments

Data Data
Description
Set Count
DS1 1,500 2D Simulated Data 5 Clusters
DS2 1,500 2D Simulated Data 10 Clusters
DS3 1,000 Bank Customer Data, partially selected from

a public data source (Singal, 2023), consist-
ing of 7 features: Credit Score, Country, Age,
Balance, Products Number, Credit Card, and

Estimated Salary.

Table 2 Details of the DS3 dataset

Feature Range of Values

Credit Score 300 - 850

Country France, Germany, Spain
Age 24 - 83
Balance 2658 - 214347
Products Number 1-5
Credit Card Binary: Yes (1), No (0)

Estimated Salary 600 - 5029354

Blobs

(a) DS1

(b) DS2
Figure 2 DS1 and DS2 datasets
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Figure 3 The first two principal components of the DS3
dataset. Denote that categorical data were transformed

to binary features by one-hot encoding process
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Table 5 Performance of Hierarchical Clustering on DS1 with three levels missing data imputed by five methods

DS1 with 20% missing DS1 with 30% missing DS1 with 40% missing

HC Imputation Methods
ARI NMI FMI Purity ARI NMI FMI Purity ARI NMI FMI Purity
Mean/Mode 02317 04237 05260 04020  0.0000  0.0079  0.4448 02040  0.2089 04719 05399  0.4013
é’ KNN 0.3738  0.5870  0.6180  0.4027 03738 05870  0.6180  0.4027  0.2095 04727  0.5405  0.4013
g MICE KNN 03738 05870  0.6180 04027 03734  0.5864 06175 04033 02089 04718 05396  0.4020
-§ MICE Random Forest 0.3734 03734 06175 04033 03738  0.5870  0.6180  0.4027  0.2089 04718  0.5396  0.4020
MICE Bayesian Ridge 0.0000  0.0079  0.4448 02040  0.0000  0.0079  0.4448 02040 04814 07396  0.6723  0.6013
R Mean/Mode 0.4570  0.6167  0.5691 0.6087 04720  0.6005  0.6277  0.5567  0.3714 06134  0.5521 0.5973
g KNN 0.7411 0.8124 07946  0.8760  0.5833  0.7337  0.6982  0.6313  0.3801 0.6723  0.5801 0.6000
g MICE KNN 0.6538  0.7535  0.7285  0.8200 05843  0.7353  0.7004 0.626  0.3571 0.6458  0.5659  0.5907
§ MICE Random Forest 06212  0.7358  0.7067  0.7840 06336  0.7597  0.7181 0.7373  0.3680  0.6691 0.5700  0.5993
MICE Bayesian Ridge 0.3768  0.5401 0.5452 0.5467  0.1936  0.3798 0.4686 04473 0.7178%  0.8497 0.7901®  0.7933
Mean/Mode 0.6582  0.7544  0.7299  0.7820 06938  0.7786  0.7629  0.7873 05627  0.7618  0.6792  0.7380
o KNN 0.9802” 0.9729% 0.9841° 0.9920” 0.9867® 0.9817® 0.9894® 0.9947® 0.9301" 0.9396" 0.9441" 0.9700"
§ _QZ” MICE KNN 0.9802”  0.9740” 0.9842” 0.9920” 0.9901" 0.9867" 0.9921" 0.9960" 0.9301" 0.9396" 0.9441"  0.9700"

-

MICE Random Forest 0.9851"  0.9797" 0.9881" 0.9940" 0.9852° 0.9807® 0.9881° 0.9940®  0.7144 0.8530°  0.7866 0.7960%”
MICE Bayesian Ridge 06010 07130  0.6862  0.7387 04354  0.5633 05775 05580 05754  0.7623  0.6873  0.7433

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.

Table 6 Performance of Hierarchical Clustering on DS2 with three levels missing data imputed by five methods

DS2 with 20% missing DS2 with 30% missing DS2 with 40% missing

HC Imputation Methods
ARI NMI FMI Purity ARI NMI FMI Purity ARI NMI FMI Purity
Mean/Mode 0.389 06474 04958 05407 02273 05565  0.3944 0.45  0.1204 0.456  0.3554 0.378
g’ KNN 07333 0.8965 0787 07007 07338  0.8977 07874  0.7013 0734  0.8983  0.7877  0.7007
% MICE KNN 07326  0.8947 07863 07007 07317  0.8949 07856  0.7856  0.8063  0.9293  0.8403 0.8
-(% MICE Random Forest 07326  0.8958  0.7863  0.7007  0.7331 0.896  0.7866  0.7013 0797 09203  0.8321 0.7967
MICE Bayesian Ridge 0.4643 07665 05748 06107 0.3816  0.6886  0.4919 0.576 0.117 04482 03523  0.3587
R Mean/Mode 0.4969  0.6891 05525  0.6513 03067  0.5550  0.4046  0.5173 02286 05162  0.3862  0.4213
§ KNN 0.9661 0.9754 0.9695 0.9840 0.9956" 0.9948" 0.9960" 0.9980"  0.9882 0.9881 0.9894  0.9947
% MICE KNN 0.9754” 0.9790° 0.9778® 0.9887®  0.9475  0.9691 0.9528 0.9733  0.9926” 0.9917% 0.9933®  0.9967%
§ MICE Random Forest 0.8863  0.9469  0.8991 0.9227 09770  0.9791 09792 09893 09839  0.9841 0.9855  0.9927
MICE Bayesian Ridge 05427  0.7296 05926  0.6853  0.4697  0.6664 05296 05873  0.3483 05907 04622  0.4973
Mean/Mode 05129  0.6990 05668 07000 04034  0.6285  0.4780  0.6093 04845  0.6758  0.5507  0.6387
o KNN 0.9867" 0.9861" 0.9880" 0.9940" 0.9882° 0.9881% 0.9894” 0.9947® 0.9941" 0.9934" 0.9947"  0.9973"
§ &z” MICE KNN 0.9753®  0.9789° 0.9778® 0.9887? 0.9882° 0.9877° 0.9894” 0.99477” 0.9911® 0.9904® 0.9920° 0.9960°

-

MICE Random Forest 0.9724  0.9771 09752 09873 09755 09773 09779 09887 09779  0.9802  0.9801 0.9900
MICE Bayesian Ridge 05528 07593  0.6033 07080  0.5182  0.7189 05706 06553  0.6114  0.7544  0.6522  0.7047

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.
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Table 7 Performance of Hierarchical Clustering on DS3 with three levels missing data imputed by five methods

DS3 with 20% missing DS3 with 30% missing DS3 with 40% missing

HC Imputation Methods
ARI NMI FMI Purity ARI NMI FMI Purity ARI NMI FMI Purity
Mean/Mode 0.4165 05840  0.5261 0.7000  0.3902  0.5708  0.5065  0.7000  0.3999 05796  0.5137  0.7000
E’ KNN 0.4087 05675 05175 07000  0.4032 05632 05136  0.7000 04055 05669  0.5153  0.7000
E MICE KNN 0.4087 05675 05175 07000  0.4032 05632 05136  0.7000 04055 05669  0.5153  0.7000
§ MICE Random Forest 0.4087 05675 05175 07000  0.4032 05632 05136 07000 04055 05669 05153  0.7000
MICE Bayesian Ridge 0.4087 05675 05175 07000  0.4032 05632 05136  0.7000 04055 05669  0.5153  0.7000
R Mean/Mode 02450 03590  0.5149  0.5820  0.1340 02255 04510 05190  0.2224  0.3160  0.4837  0.5440
g KNN 0.5039 05701  0.6499  0.7790 05095  0.5797 06518 07860  0.3989  0.4663  0.5768  0.7290
g MICE KNN 05139 05916  0.6553 0.7880  0.4579 04749  0.6237 0.7240  0.4860°  0.5420° 0.6379°  0.7690°
g, MICE Random Forest 05322  0.6175 06689 07950 04129 05125 05905 07220 0.7630" 0.8644" 0.8012" 0.8700"
MICE Bayesian Ridge 0.1158  0.1956  0.3954 04960  0.1388  0.2420 04315 05100 06419 07654  0.6979  0.7800
Mean/Mode 0.1670 02313 04823 05870  0.1869  0.2359 04860  0.6060  0.2194  0.2545  0.4986  0.6300
o KNN 0.6798" 0.6898° 0.7917" 0.8740" 0.6492" 0.6484” 0.7720® 0.8630" 04373 05288 06313  0.7420
§ g MICE KNN 0.6717°  0.6658° 0.7869° 0.8730” 0.6497” 0.6480° 0.7723® 0.8630® 04345 05248 06295  0.7410

-

MICE Random Forest 0.6792” 0.6909" 0.7913® 0.8740" 0.6794" 0.6819" 0.7913" 0.8750" 0.6685” 0.6707” 0.7844® 0.8700"
MICE Bayesian Ridge 0.1322 01893 04526  0.5810  0.0441 0.0470 03890 05220  0.0426  0.0473  0.3894  0.5200

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.
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Table 8 Performance of DBSCAN Clustering on DS1 with three levels missing data imputed by five methods

DB DS1 with 20% missing DS1 with 30% missing DS1 with 40% missing
Imputation Methods
SCAN ARI NMI FMI  Purity  ARI NMI FMI  Purity  ARI NMI EMI  Purity
Mean/Mode 02197  0.4024 05092 04100 02073  0.4047 05145 04067 04605 06759 06353  0.6233
®  KNN 0.3651 0.5544  0.6012  0.4087 07450  0.8374  0.8110 07907  0.4770  0.7265 06670  0.5993
1
£ MICE KNN 0.5919® 07343  0.7190 0.6040" 0.9451" 0.9226" 0.9561" 0.9780" 0.7386” 0.8315° 0.8015° 0.8073"
C
£
MICE Random Forest 05915 0.7353® 07188 0.6040" 0.8510” 0.8584” 0.8815” 0.9740” 07248  0.8037 0.7936"  0.7880
MICE Bayesian Ridge 0.0001 0.0195 04392 02113  0.0001 0.0161 0.4396 02107  0.4605 07045  0.6492  0.6080
Mean/Mode 02574 05103 05332 04880  0.2271 0.4825 05227  0.4580 07158  0.7960  0.7814  0.7893
w  KNN 0.3687  0.5615  0.6076  0.4007  0.3694 05639 06099 03993 04785 07258  0.6681 0.5980
1
f MICE KNN 0.5986"  0.7513"  0.7271" 0.5960 0.7503"  0.8442° 0.8154° 0.7840° 0.7268° 0.8201°  0.7912 0.7940?
f=
s
MICE Random Forest 0.5973%  0.7462% 0.7252% 0.5967" 0.6019  0.7279 0.7044 0.7100 0.7208  0.7982 0.7883 0.7787
MICE Bayesian Ridge 0.0001 0.0134  0.4393  0.2087  0.0000  0.0027 04437 02027 04604 07025 06492  0.6073
Mean/Mode 0.0000  0.0013  0.4463 02007  0.2271 0.4825  0.5227  0.4580  0.2087  0.4636  0.5332  0.4080
2  KNN 0.3703 0.5670 0.6113 0.3993 0.3713 0.5711 0.6130 0.4007 0.7645" 0.8682" 0.8279"  0.7920°
1
£  MICE KNN 03712 05695  0.6123 04007 03707 05724 06127 04007 04642 06916 06520  0.6007
f=
= MICE Random Forest 0.3715  0.5736  0.6137 04013  0.3690  0.5561 0.6052  0.4100 02133 04769 05310  0.4267
MICE Bayesian Ridge 0.0000  0.0036  0.4393 02053  0.0047 00682 04219 02473 02070 04340 05278  0.4093

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.
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Table 9 Performance of DBSCAN Clustering on DS2 with three levels missing data imputed by five methods

DB DS2 with 20% missing DS2 with 30% missing DS2 with 40% missing
Imputation Methods

SCAN ARI NMI EMI  Purity AR NMI FMI  Purity  ARI NMI EMI  Purity

Mean/Mode 05022 07268  0.5676  0.7120  0.3934 06793 05019  0.6327  0.6947  0.5921 0.4334  0.4307

@ KNN 0.8031 0.9221®  0.8367  0.7947  0.8004 09170  0.8335  0.7933  0.8889  0.9544 09040  0.8940

i MICE KNN 0.8036  0.9246” 0.8374 0.7960 0.8796  0.9417? 0.8951 0.8873 0.9417  0.9568% 0.9484  0.9893"

= MICE Random Forest 0.8002 09175  0.8314 08107  0.8667  0.9313  0.8831 0.8873  0.9470  0.9513 0.9525°  0.9820”

MICE Bayesian Ridge 05216 07285  0.5827  0.7227  0.4063  0.7048 05104  0.6727  0.3390  0.6663 04872  0.5653

Mean/Mode 02903  0.6234 04552 05147 05294  0.7201 0.5869  0.6947  0.3390  0.6679  0.6679  0.5713

'f.’ KNN 05178  0.8182  0.6421 0.6000 0.9001”  0.9110 0.9108® 0.9460® 0.9644" 0.9603" 0.9681" 09767

i MICE KNN 0.8174% 0.8847 0.8370  0.8540°  0.8878° 0.9102  0.9005®  0.9547? 0.8597 0.9013 0.8771 0.9620

= MICE Random Forest 0.8107° 0.9204 0.8774"  0.8967" 0.8594 0.9238 0.8763 0.8813 0.8805 0.9017 0.8943 0.9587

MICE Bayesian Ridge 02182  0.6194  0.4471 0.4567  0.5444 07407 05992 07253 05506  0.7627  0.6062  0.7380

Mean/Mode 05313 07393  0.5968  0.7167 02768  0.6133 04303 05453 04682  0.6938 05483  0.6307

2 KNN 0.8581" 0.9181 0.8746” 0.8733? 0.8609 0.9229 0.8775 0.8753  0.9580” 0.9550°  0.9624? 0.9733
1

£  MICE KNN 05182  0.8194 06426  0.6000 0.9636" 0.9584" 0.9674" 0.9780" 09287 09444 09370 0.9807°
c

s MICE Random Forest 0.8050 0.9287"  0.83927 0.7973 0.8726  0.9375% 0.8890 0.8873 0.9459 0.9479 0.9515 0.9767

MICE Bayesian Ridge 05160 07197 05776  0.7187  0.2847  0.6323 04383 05573 05702 07716 06264  0.7407

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.

Table 10 Performance of DBSCAN Clustering on DS3 with three levels missing data imputed by five methods

DB DS3 with 20% missing DS3 with 30% missing DS3 with 40% missing
SCAN Imputation Methods ] . .

ARI NMI FMI Purity ARI NMI FMI Purity ARI NMI FMI Purity

Mean/Mode 0.6746  0.8036 07373 07490  0.1395 05264 02659 02090  0.1517 05509 02723  0.2370

© KNN 0.8578  0.8638 08723  0.8670 02143 06037 03088 02850 02252 06119 03168  0.2990

§ MICE KNN 0.8343  0.8465 08501  0.8730 02174 06071 03101 02880 02224 06091 03144  0.2980

= MICE Random Forest 0.8489  0.8588  0.8632  0.8800 02223 06147 03142 02930 02247 06129 03165  0.2950

MICE Bayesian Ridge 0.8724 08585 08846  0.8760  0.1854 05781 02868  0.2600 01926 05817 02932  0.2690

Mean/Mode 06955 08120 07522 07600 02185 06056 03076 02960 05758 07273  0.6630  0.6610

0 KNN 0.8820°  0.8890° 0.8940° 0.8900° 0.7962® 0.8276” 0.8190” 0.81107 0.8124® 08372 0.8328% 0.8240?

i MICE KNN 0.8707  0.8772  0.8840  0.8830 0.7867° 0.8200° 0.8111° 0.8030® 0.8098° 0.8357° 0.8306° 0.8230"

= MICE Random Forest ~ 0.8843" 0.8915” 0.8960" 0.8920" 0.8051" 0.8360" 0.8263" 0.8160" 0.8165" 0.8410" 0.8363" 0.8260"

MICE Bayesian Ridge 0.8636  0.8493 08771  0.8720  0.6002 07300 06719  0.6960 05872 07203  0.6647  0.6690

Mean/Mode 0.6802  0.8141 07428 07490 05516 07056 06381  0.6600  0.0027  0.0268  0.3038  0.1350

S KNN 0.8790  0.8876  0.8914  0.8870 07534 07951 07804 07980 06597 07542  0.7088  0.7160
n

£ MICE KNN 0.8717  0.8821  0.8848  0.8850 07539 07938  0.7806  0.7980  0.5418  0.6972  0.6331  0.6470
=

S MICE Random Forest  0.8825° 08920" 0.8944? 089107 05352 06681 06205 06440 07731 08071 07971  0.8150

MICE Bayesian Ridge 07121 08173 07573 07910 05913 07113 06577 07010 05595  0.6840  0.6374  0.6580

Note: Bold values indicating the top three values in each metric (or each column) with a superscript number in each bracket denoting the ranking.
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Influence of rubber content and compaction energy on the permeability and compressive

strength of coarse-grained soil
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Abstract

This research focuses on studying and improving the properties of coarse-grained soil by mixing it with Preservative
natural rubber latex to reduce water seepage in coarse-grained soils. Excavated ponds in areas with coarse-grained
soil experience high water leakage, preventing them from retaining water for use during the dry season. Rubber latex
content was used at ratios of 0%, 1%, 2%, and 3% by weight of dry soil. The samples were compacted using
standard compaction energies of 25%, 50%, 75%, and 100% for each ratio, then cured in open air for 3 days. The
samples were subsequently tested for permeability coefficient under pressure, using a criterion of a permeability
coefficient (kzo) equal to 0.5 cm/hr, and for compressive strength. The results showed that, in soil without rubber latex
improvement, the permeability coefficient decreased as compaction energy increased. In soils improved with rubber

latex, the permeability coefficient decreased at the same compaction energy as the rubber latex content increased.
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The prediction for the amount of rubber latex required to improve soil properties to meet the evaluation criteria
indicated that compaction energies of 25%, 50%, 75%, and 100% needed at least 2.85%, 2.57%, 2.39%, and 2.15%

rubber latex content, respectively. The sample improved with 1% rubber latex at 100% compaction energy had the

highest compressive strength value of 1.51 ksc. These findings can be applied by using the improved soil as lining

material for the bottoms and walls of ponds, which will enhance water retention efficiency for farmers in coarse-grained

soil areas outside irrigation zones.

Keywords: Natural rubber, coarse-grained soil, standard compaction, coefficient of permeability
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