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Abstract

This study aimed to develop an instant powdered beverage from sacha inchi pressed
cake by incorporating the pressed cake at four different levels: 40%, 50%, 60%, and 70%. The
results indicated that varying levels of sacha inchi pressed cake had no significant effect on
the pH and viscosity of the beverage formulations. However, increasing the proportion of
pressed cake significantly affected the moisture content, total soluble solids, and bulk density
of the instant powdered beverage (P < 0.05). In addition, the water absorption index increased
proportionally with higher levels of sacha inchi pressed cake incorporation. Sensory evaluation
revealed that formulations containing 40% and 50% pressed cake showed no significant

differences (P > 0.05) in scores for sacha inchi aroma, sweetness, viscosity, and overall

*Corresponding author: hrongkom@gmail.com 1


https://li02.tci-thaijo.org/index.php/jasi

NIATIMEMAnTUsEENARATLIANTIY U1 1 adun 1 unsrau - Aquiey 2569 (UnANUEYN 26101)

acceptability. Therefore, the formulation containing 50% sacha inchi pressed cake was
selected as the optimal formulation, with an overall acceptability score of 6.82+1.79, as it

provided the highest utilization of pressed cake while maintaining acceptable sensory quality.

Keywords: Water absorption index, Water soluble index, Sacha inchi pressed-cake, Instant

beverage powder from sacha inchi pressed-cake

1. umin

fan17BuAn (Plukenetia volubilis L. w3e Sacha ichi) ifufiminsuiilésuanuaulasgrenn
Tutlagdu iesanflamudmislavuinisgs TnslanzlusAudidnsnezfilududuegeasudau
uennidaiosdUsznouvedawi 3 6 uay 9 Bnde Tunssutunistuadaunifudenszuauns
afmuduiiondmirdudinduaasiananaoslduiamnlusuuuures nndanaduan (Sacha
Inchi pressed-cake) Insmndsnaduaiiiunisarinlusiueenudiieiduumaswodusiuiiviinags
savtagauludeiduloemsuaznsnes Slusndu (Muroz et al, 2025; Ana-Milena et al, 2018;
Maurer et al., 2012) Jagtuiivssmalngldinisimgugniannduauiniu fsanuindauidy
MndanBuadsheludendedifiunniy SednndnBumitiureandennnszuiunisadn
ifudanaduaniady uinsldusslesddadidn idesannindanniduaiiind wanizin
ffslidufivensuvesuslaaunnin uietslsAnunindandumnduiigawiude Tusunaldsiu
g9fie 40-60 Wesidud Hnseezdludniuasudiu lnslamznsnesiludadu 1au wazleleddu
Fadunsaesfiluddnlunisduaszilusivreanduniowas trefiunssuiunsminatynd ey
(Munoz et al.,, 2025; Rodriguez-Pérez et al., 2024) wona1nd §9Us1AaINABLIAdLADS0a
uarlufunsnd wasivTinanduloevnsgs uavaudAnmsdnueyyadaszfiadndne (Rawdkuen et al.,
2018) Feifunindaanidunifedienumuizamiuoged sl asianwaunduniofusiomis
i ogunnuazNan Fasiomnsiaiu Iaga1nauideves Rodriguez-Perez et al. (2024) T@@nwn
mMaihmndnBuaiiatnlusiusonud (Defatted Sacha Inchi flour) srunszuIunslelaslada
soeulsiiieadadulusiulelaslaiannuin Ifiduasiulndilfdauauvadueyyadasy
warsrun1sonaule LLazmm‘%mfgﬁumﬁmmmmsaiumié:mfﬁ (Water holding capacity)
LLazmmmmsaiumiﬁﬂLﬁuﬁgﬂﬂu (Oil holding capacity) i ﬁaﬁ?umﬂé"ama@uﬂﬁagmj’mﬂﬁff
Judrunanlugaamnssuemsedimainiany laednisurluldidudiunaunaunuudand
Tundndasiiuinediilafinyiinalusiuwagloems saonsuluiaundurusauidsimaden
doguam uenndansanalusiududu (Protein isolates) uaslusiulalaslatamainnindaniaduan
gafidnenmgalunnilududunandeilaidulundndusionmaaiy wandasmaunuiodn
wazlavulndy (Mancera et al, 2025) winuindaddeyaiA vatunisiinindanniduniluld
Hudrunaslunansnsiniesrudiiogudnnutos

FrfunmAfeiiinguirasdiflefnunuiinanindanBuaminzalugnsnisdaaiosia
difasusiianeanndaniidua faduuinnssueiesiuiioguamiiinannisirfanaundeii
MInIsinuAsIRIYaAuazTadesenLil elvaiunsatinindandunanliussleviaan
wazifutoyalunisairsuvaslusfiumadontn (Plant-based protein) fifleudsBusioly
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2. YEAUAZIINTINIY
2.1 dngAunazasiall

FogAvlunsnanndndasieg esduduiaainnindanduadsznousae nndanaduan
furn91n vt Tewin 3.6.9 ueus lalatiu $rin Smdadunanes Faduninvdeainnssuiuns
Juatnuintudiamduanieudesuds anduiunualiazideadeiniesunayulng afuiioy
MndavEesain vIT WE fln awBeaR 9110 uednatnuuUNe ueaRinea Soy protein isolate
LATANSANARINNEMINUS VNN USEN adlfael AesUaisu $aia Soy lecithin, Silicon dioxide
Faniiud Fandudsam Psyllium hut way Co-Enzyme Q10 3unnanus¥ 3af teumoslnsd saia
LAZARDANLAIUAINUAIME SUNNAINUTEN Maus 3119

2.2 AnwwavasnndaaBunrenun B IHARS AT BIRNd 3 agUTiANsaINMNAAN B UM
AnwTnaeanindannduniiduadlugasnisuanad ssiudniasuviansain nnda
Adumfiuanststy 4 sefu Ao 40, 50, 60 waz 70 WesiTus awdy Tnegasnisnaniasesd
difagUriananndanidumfuandunned 1 Tnsvhnmsdsdunaunugns andunaulmidsu
wazussqlugeesgiidonesdneay 100 niu Jandnliain nduindndasiildl aselesei
yautRmaad meniw uazssdiunmnmnaUssamduda feil

= a a o ¢ A4 A o a Y a Aaa Y a
M19799 1 qmiﬂ’]ﬁﬂ\lﬁG]NaﬁmZLWILﬂ'iE]\W]llﬁ’]Li"\]EUGUUG]BN"\]'mﬂ'W’I'T]’e]u@’WliJ‘UﬁJ'mJﬂ'mﬂ’JW]'JQUWI

e
, USuaunindannduan (Wedidud)

dupEy
40 50 60 70
1. MAfanIdumunanden 40 50 60 70
2. HOARANA 8 8 8 8
3, pRuTlsnndundes 13 13 13 13
4. Soy protein isolate 5 5 5 5
5. UpaRma 20 20 20 20
6. @RI 0.1 0.1 0.1 0.1
7. Soy lecithin 0.5 0.5 0.5 0.5
8. Silicon dioxide 0.5 0.5 0.5 0.5
9. Co-Enzyme Q10 0.1 0.1 0.1 0.1
10. ARBALAU 2 2 2 2
11. Foniiud 0.5 0.5 0.5 0.5
12. 3ndusiy 0.5 0.5 0.5 0.5
13. Psyllium hut 0.5 0.5 0.5 0.5

2.3 353519
‘LTWmﬁmﬁ’m%m%’ENﬁmﬁL%ﬁ]gﬂmﬂmmﬁ”;ma@umﬁﬁﬂ%mmmﬂﬁmnﬁumﬁLmﬂsmﬁ’u

[

11 4 g5 lihmsiessiandfsuaiuaznisnmysenaunie Adaeseuy L, o* uag b*

7
ABLATOIIAAE Minolta (Color reader, CR-10, Japan) A1AANTINV0UN (Water activity, a,,) A2
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\A389 Water activity Meter (Aqualab by Decagon, USA) US1naimnuidy §2638 AOAC (2000) el
n139ATuLn (Water absorption index) uagdwiinnsazans (Water solubility index) Tne33va3n19
$ard wazanuz (2550) A1mutdunsn-asi81A3 89 pH meter (Mettler Toledo 51 MS 204,
Switzerland) U%TmmjaaLLSﬁQﬁ'aza’]aim”vfwm (Total soluble solid, °Brix) Tasias 09 Hand
refractometer (ATAGO, Japan) LarYaa1AuTuniaf181A3 89 AAMUNTAD19115 Brookfield
viscometer (Mettled toledo, Thailand Ltd., USA)

2.4 NM3UsTRUAMAMNNNUTEEM AU

Timaaeuduiliriunsiindudau 50 au Tae3SnsTiazuuumsmeu 9 seiu (9-Point
Hedonic Scale) (1 maneds liveuundign §e 9 wuneds wouanniian) Inenaaounudnuuziy
Snwaglsingrouss dnvazUingudens @ ndunindanniduen naulaesan savA sanau
aduniln wazmnuveulnesa iednidengnsigmaaeudilinzuuumnuveuladelnegsiian
Taghnisdeiiograniosiudniazuainnindandumiivsunanindanidun siuu 25 nfu
avangluin¥ougamndl 100 sareailia Uians 150 fadans eulazaneidniud Edludeud
MIFoUUTUINT 20 Taddnsdefet

2.5 AFIATIZANGEDA
mwmaaaawLLmuLLuuq'uamqiai (Completely Randomized Design; CRD) ¥i1N1571AaD 4
$1uau 3 91 drunsiieseiaunmmsUszamdudanaununiaassuuduanysalluuden
(Randomized Complete Block Design; RCBD) Tneiunlvigmaasudanduuden doyaiiligniiun
FATERAULUTUTIU (Analysis of Variance; ANOVA) wasiUSeuiiieunadesieds Duncan’s New
Multiple Range Test (DMRT) fiszsuanundesiudosay 95 (P < 0.05)

3. NakazaNUIIgNaNI15IAY
NITERLAYININNSANIUSUIUUBININE A1 UM NN AL USRI NER T U91 LAS 9 9RY
o @ a QIJ a ) LY} a QIJ a I~ [ =
d593UvlianganNnInduaT InevimsiususUsinumsninaIn1iduateendu 4 sedu fe 40 50
60 uay 70 Wasidud auaidu nSeulaiasy Functional ingredients il undnseiias eedu
WegunIn as1egaaulazauLana e iiundadae wavidilunsalesieiandfnaeiivay
AMYATN M15199 2 WEAIHAYBIUTUIUNINGINNIBUANTLANAINAY 4 SEAU A 40, 50, 60 way 70
Wesidud auddu seandivisafivaznienmvesndndasinissnudniaguvianeainnindanm
BUAINUIN U‘%mmmﬂfhmaﬁumiugmm‘%mﬁmﬁLmﬂsmﬁulajﬁmam'aﬂ"]mmLﬂumm—@muazm’m
wilavaun3safudniagusidaniaindaniduat wausuiaunindinadunfiuanaisiudaali
A3 osRudnsIgUTlangaIndIndunda1audy Usunamedwdifiazanelavianun wagaiy
1 q' dy 1 a v o d' [ d{' a.'l f @ I3 d{' )
nuUUN LT UogNlTed Ay TeAUANTRIY 95 Wasldus (P < 0.05) 91atHa9u191nn151NN
127128 UAMNIUNTAUUITUDNLET LINTUNTLUIUNITUAMIELATBIUAAYULNSTInAUTDUTY
lurgiinisunaziden Weldidudiunaundnlueiesdudiiaguannindinniduaidanali
HARAUANAIAMUNUILULLALTURIN 0.66+0.02 g/cm? (40 Wosidus) ndwdu 0.74+0.01 g/cm3
(70 WostFud) Fudunaainn1sniuSuINNINAIAMIBUANRNLINTY LANUIIAIAITUAUILUUVD
NandnaaIasRudnsanInnIndanIuadaidaaniiuddusiulelaanilaasiamunuiiiusiy
a P al s A & A | & Ao ~ |
wagegNUsEaM 0.37 ¢/cm® Fafiailuefieglunaaiuinsgiuvedlusiuivuaziinumungause
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nsthlunanlugnsenmns (Rawdkuen et al, 2022) ilesanldnszurunisinieunindanaduani
uansnaify uananidamudn dudinisgeduinvenaiosindifagurianaindanidumiuualiy
dstudofiuUFnunmndiamauniminiu Smnenuues Mancera et al. (2025) Fssnuining
pBumiifiaduinsgeiugeds 4.16+0.63 SedwalvinisfindImanndiandunludiunaues
\Aoshudvdmaliindnfusiaiasnnindaamiduan ddsdmapgeduiindunuuuunndanidu
pfifindu TuvaefimaduUnunndamduadmalfieiesiulusiurianmindanidueniided
nsazatsanasesiitudffisyiuanindesiu 95 Wesdud (P < 0.05) Ineidashudifiusunmnin
d2mnBuaiifiusinunindanniduan 70 Wesidud ddvinisazatsdniigeifios 24594738
Wesiud esannsyuiumsdusmaninindu (Mechanical pressing) uffasifunsarindudilisiy
mnufoundsinieliiAsusadonniuegeunss Sedwalilusiulunindianiduaiinnis deanm
M9555U%17 (Denaturation) vilvauanansalunsdufiu (Water hydration) LAYNSAYANEUNTDS
MndnBuailAianas (Torres-Sanchez et al,, 2023)

M15°9% 2 audAvnsaiivasnienmueIndniaTinIasRudLsIgUTnNeINNINAINIBUA IRULUS

U3U1UNINHIAIBUANLANASAY

Usuraunindaniduan (Wadidus)

ANUANIWALLAZNIYATW

40 50 60 70
ALY (Wosiiug) 2.35+0.26°  2.78+0.04°  3.41+0.40°  3.73+0.24°
Amnudunsa-ata 6.17+0.01  6.19+0.02  6.17+0.01  6.17+0.01
AN ay 0.37+0.01°  0.37+0.05°  0.32+0.01° 0.32+0.01b°
Usinaveaudsiiazangldivismun . . i .

. 557+0.40°  6.17+0.29°  6.17+0.29°  7.00+0.00
(°Brix)
ANAUILUY (g/cm?) 0.66+0.02°  0.67+0.02°  0.71+0.01°  0.74+0.01°
ANNTUNLR (cP)™ 6.66+0.21  6.67+0.50  6.40+0.30  6.30+0.10
Frifinapndanii 1.12¢0.04°  1.28+0.03"  1.33x0.04°  1.33+0.05"
srtinnsavane (Wosidus) 47.89+4.24° 40.55+2.41° 40.43+2.62° 24.59+7.38°

nUBe : FISnyINwISINguinvuadvesdeyaluunidediunuandsiulansnnuuansaivegalved ey
VEdn (P < 0.05)
ns = ldunnansegredidedrfgynieeda (P > 0.05)

A15197 3 LLamﬁhﬁmaqmamﬁm%m‘%m?{mﬁwL%agﬂ%ﬁmmmﬂ{i”;ma%umﬁLammﬂﬁ";ma%um
TudSunaiiunnsrafunusn W etfuusunanindannduaniud uldinan oA dvoiwa ni e
pglitydAEN19ed@ (P > 0.05) Imamamﬁmsﬁm%a?{mﬁwL%%gﬂmﬂﬁamwaﬁuﬂwa]zﬁé’ﬂwmzlﬂumq
azl8undndeseu 4 ududnusssurfvesnind a8 unrunazsunLazdvesdIunas
Aldogrnednadin asufisudundes uay soy protein isolate @ afldnwaridunsd i osgau
WUty fetunisiiunindandualuluiniuint udddddwaneniswa suwlasue sa
YBINAN U LLazmﬂmﬁﬁmﬁmﬁmsﬁm%ﬁmﬁwL%ﬁ]gﬂ%ﬁmmmﬂﬂﬂﬂﬁamﬂaﬁuﬂwﬁé’ﬂwmzLﬂumaﬁ
WMARIgRUNNEASITUYIATDI TR AU LLazLﬁaﬁwlﬂmﬁwﬁgﬁaﬂué’miﬁﬁ’sum?aa?{mﬁwL%agﬂmﬂfﬁma
SunUSunas 25 ndu sevdou 150 fadans udarlanansueielesmuiiidndosseutnfulsemnu
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M15197 3 NATBININAINIBUABAIAVRINANSUIILAT DR NANFAFUTTANIIIN NINEIA1IBUAN
PRULUTUTINUNINTIAIBUA kAN

YSunaunindannaduan Ad
(Woasiaur) L*rs a*" p*"
40 82.9+0.9 2.6+1.0 23.1+0.6
50 83.5+0.8 2.6+0.2 22.7+0.2
60 80.6+0.8 2.6x0.4 24.4+0.2
70 79.6+0.2 2.8+0.5 24.6+0.3

N v o

UGN 1 BNWINTYITINUNUANAIAIUAIURLIABANLANIANNUANGASREN ST ITdAyeadia (P < 0.05)
ns = ldumnensegedideddgniseda (P > 0.05)

Tntuthundase PR oA IgUTTRHI NI BUATITUTINMMN B UATIUANA Ay
TWuszsiflumaszamduiafiefnidengnsiignaaoudalvinzuuuaiuveuiadslagiugefige
Fafinanisnaaeuniaszamduiavewaniueienmnslusiugsdusaguadansaindaniduan
fUInumafaBuawenisty fauandlumsisi 4

A5199 4 HANIIUTEAMEUNAVRINAR A UINLATDIAUTTANIIINEIN1IDUATTUSUIUNINEIN1DUAN

Fumnseiy
. U3ananindanaduan (Uasidud)
AMANYY
40 50 60 70

anuwazUTINgiauye™ 6.86+1.24 7.04+1.04 6.86+0.93 6.75+1.14
anwarUIINNaIYe™ 6.06+0.96 6.68+0.86 6.68+0.98 6.39+1.23
g 6.64+1.16 6.71+0.94 6.61+0.96 6.68+1.25
nautIAIBUA 543+1.91%  579+1.93° 511+1.81°  521+197°
naulag L™ 5.75+1.84 6.04+1.90 5.75+1.76 5.82+1.74
JAWIU 6.36+1.95° 6.39+1.75° 5.21+1.71° 4.89+1.77°
ANNTUNLA 6.11+1.31° 5.86+1.27° 5.68+1.33%°  5.46+1.43°
ANuYaUlngTIU 6.39+1.59° 6.82+1.79° 5.57+1.32° 5.29+1.72°

NUBWAR © MENYINTHBINgumrueA1vestayaluwa el funuand1siuLansnuuansiuee ity Aty
MSEDR (P < 0.05)
ns = ldunnansegredidedrfgynieeda (P > 0.05)

mﬂmami‘wmaaumqﬂismmé’mﬁamaawﬁmﬁ’meﬁLﬂ%'mﬁ'uﬁﬁL%ﬁ]g‘u%ﬁmmmﬂmmﬁ"’mn@um
Aifiusnaninganduafiuandeiunuin Usinanindiniduniuanssiulifinanednvuey
Usingreuss dnwazUsingndans @ wazndulnesiuvesndniusiagesnudniaguadanannd
ANduA wAUSanIndaIn B uai T udwaltaz wuuauTeURIUnA S 1A UAN SENI
anudunin wazanuveulngsinanas uindndueiiag edudiagusdaniaindanniduan
FfiusununIndan1aBua 40 uway 50 Wediiud TazwuuaiuveudundudinaBuan saniu
auduniln waveuveulaesan liwansedusgsldfidodidymnieadn (P > 0.05) fudusiuden
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ansin3osnuduiagurdansnnnindaamdumiiduiuna nndaamduan 50 Wesiiud Alsisu
azuuunuveulaeTgeian wanidunsldmadinndualugnsnsudaliinnian deasdumsde
Fagaaliuinndnmdum waranvsswdonnnssuiumsivataiiuudednmauenld uenanil
Fadumafingaliiunandnsiiedesudisaguanniniannduniidesd Ussneuveslown 3
Towd 6 uazlowwdn 9 dewaandslunindannduanfsunsadiauisiu (Maurer et al, 2012) 15
uanesIniaTesAudSasUNIUsRuTIvTindudnse

4. #3UNan15IY
madirFnumndnBumlugesnssdaeiodudidasunndemdumbifnadennumie
wazaraudunsa-rne windudmalindasusifiainudu Usuaveswd i azaneld
wazAIUIRLU LT U NS IS anaduaiinduan 40 Wy 70 Wesidus uenvini
Fadawaliing eanudisaguandannduanfidrdvinisazaisfianas wazainuanismaasy
nsUszamdudanuin U3uranindan1iduaii wandeduldfnasednvagusingneus
Snunzngrdsn 3 uasndulaeniuveswdndom wassdndusieiodulusiurianmindinndumn
AfUanIngInBunwindu 40 uar 50 Weddud fazuuuainuveudundudiniiduan
511U ANUTUnide wazauseulne T liunnmeiueys el Ted1Ayn19ai@ (P < 0.05)
fadu Fadongnaniesdulusiusiianedifiusinunndannduaiil 50 wWeddud iHugnaiaiesiy
fifagunnminnduaitiunsiauieilusosenlunsudndandvdsioly

AnAnssuUsENIA

miAdeildsumsaduayuuideaniasnistaundnauansomaneluladuagide
vosmanuuluiing aeldnsatuayununalngnenuinemans mnaniievssirleutssann
W.A. 2562

LONE1TE1989

A13139U WINALED, PINATI WAIUIA LAZNAY) ?:m;'qﬁaﬂ%’mﬁ. (2554). msusulTIaun nuaudn
uulagISMansieaniilud. 21537599398 Tnerman suazimaluladnserns, 1, 12-21.

Ana-Milena, Vanegas-Azuero, & Gutiérrez L. F. (2018). Physicochemical and sensory properties
of yogurts containing sacha inchi (Plukenetia volubilis L.) seeds and [B-glucans from
Ganoderma lucidum. Journal of Dairy Science, 101, 1020-1033.

Mancera, C., Carrillo, W., & Alvarez-Barreto, C. I. (2025). Comprehensive characterization and
valorization potential of Amazonian Sacha inchi (Plukenetia volubilis L.) seeds, oil, and
oilcake by-products for sustainable food applications. Frontiers in Nutrition, 12,
1597300. https://doi.org/10.3389/fnut.2025.1597300

Martinou — Voulasiki, I.S., & Zerfirids, G.K. (1990). Effect of some stabilizers on textural and
sensory characteristics of yogurt ice form sheep’s milk. Journal of Food Science, 55 (3),
703-707.
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mﬁ%’aﬁdamqﬂizmﬁlﬁaimeﬁmméfaqmwawzwmaaumm%’aﬁaummm’[,uagmaa
Yo dmii1in1ATs LarWauINTaULLIAR Sequential Mixed-Methods Requirements Analysis
Framework (SMRAF) dm15ulasenisssuvansaumaniasy adunsideludaminuassvdun lngld
susdeUiTITonuunauna B sdTuTud 1599 (QUAL—quan) AURLUI590T119U 20 AL 97N 10
misaunady svesdauninldnisaunuinguiimdunisiinsgidaideniuuy thematic
analysis 1A nUsLiuAINFBINTSYReTEUY drusrezifeuTinalduuuas UanuunsUsEanaea
Likert 5 5¥fU wAZNTBUKWIAA MoSCOW prioritization iileBusuuazdndiuaudfyvenny
ADINNTITUU NANISANYINUAMLABINITUAN 5 fu laln (1) nsdndaunaznsideaussuy (2) A
AspUAgUUAEAMAMTEYA (3) MIanaTuEdourasdeya (4) mITeaurauazneTeideya
ua (5) nMsysanmsszuy Tnsdsafiunsananusideuresdoyaldsunisdadiduaiuddnyasen
(X = 4.75, SD = 0.44) uazQninaglusedu Must Have Wnthilannnnmiisanuazvieutiyminis
ﬂiﬂﬂg%’m@wamamaLiaummﬂuiwmsmmama Fsdamarionugniesvenslimdiomie
Usz919U UsnNINY mamsamﬁwv‘wmUimmmauaumammﬂmLsmﬂmmwluﬂsvmw 1-4 wow
ALY OUAINLANAINATUAIINTBUS ATT ATEnIenaud 1 TuUseiun1sYIann1ssEUY e
thiaueyanIfoInsessrUUasaumaAni IS ougnauiiunIaTaeuluuunUssmealng uay
iauensey SMRAF dwisuldlumsiiaevinusiosnisvedlasimssyuuansaumeaninghiiia
Tadudsvainuangszauanudilanumaluladaisaume

o e LY

ANEIATY 1 ITUUAITAULNAATILIOUBINIY, NITILATIZIAIINADINTT, ITITEUUUNANNEIY, N1589
AU TRUVDITRYA, TEUUAITAUNANIAST

“Corresponding author: chutrapee.p@nrru.ac.th 1


https://li02.tci-thaijo.org/index.php/jasi

NIATIMEMAnTUsEENARATLIANTIY U1 1 adui 1 unsau - Aquiey 2569 (UNANUEYN 26102)

Abstract

This study aimed to analyze the requirements of a poverty-household information
system from the perspective of government officers and to develop the Sequential Mixed-
Methods Requirements Analysis Framework (SMRAF) for e-government information system
projects. The study was conducted in Nakhon Ratchasima Province, Thailand, using a
sequential exploratory mixed-methods design (QUAL—>quan) involving 20 participants from
10 eovernment agencies. The qualitative phase employed focus sgroup discussions and
thematic analysis to identify system requirements, while the quantitative phase utilized a five-
point Likert-scale questionnaire and the MoSCoW prioritization framework to validate and
prioritize the identified requirements. The findings revealed five major requirement categories:
(1) system accessibility and usability, (2) data coverage and quality, (3) data deduplication, (4)
reporting and analytical functions, and (5) system integration. Among these, data deduplication
received the highest priority rating (X = 4.75, SD = 0.44) and was classified as a Must Have
requirement. Participants from all agencies emphasized the recurring issue of identical
households appearing across multiple databases, which negatively affected the accuracy and
fairness of public assistance allocation. Quantitative findings confirmed the qualitative results
for the first four categories and further revealed differences in digital literacy and system
understanding among user groups regarding system integration requirements. This study
provides a validated set of requirements for poverty-household information systems in the
Thai context and proposes the SMRAF framework as a practical approach for requirements
analysis in e-government information system projects involving stakeholders with varying

levels of technological understanding.

Keywords: Poverty household information system, Requirements analysis, Sequential
exploratory mixed methods, Data deduplication, E-government information

system
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mﬁﬁaﬂ%ﬂﬁﬁ%}gmmu Sequential Exploratory Mixed Methods Design (QUAL—>quan)
AULUINIIVDY Creswell & Creswell (2018) Iﬂ‘&JL%IZLIﬁ]’]ﬂizEJSL%ﬂ@mﬂWW (QUAL) Faifuszazndnves
M53de edmauarataUssiuauieIn1seIsE UM TALYMARNLNTAUNUINGH (Focus Group
Discussion) Wazn1531AS 1291 T 9L 01Uy Thematic Analysis 9n1iu3 st g edumudile luwaun
13 09103513 aUs e (quan) Wil eldEudunarSaaduaud dyueInudaan1sseuUdae

NITIATIZAIUGRINITSL UV TAUNAAT UTOUE INIUYRUT M. (3552 INGUANA usznunws Auna) 3



NIATIMEMAnTUsEENARATLIANTIY U1 1 adui 1 unsau - Aquiey 2569 (UNANUEYN 26102)

WUUaRUAUNINTUSEINAT Likert 5 S¥AUTMAUNTBULLIAR MoSCOW Prioritization nauiika
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P15  WmMINEIResWANUATIIVEL UMIATEYsEUY G2
P16  amMInNendeswiguaAsIvdn ;ELSTJ&J'mzumuﬁuama G2
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LLazgquﬁagaﬁgwm way (3) N19M929a9U Convergence 5¥1I19Na FGD WaTNALUUADUNY
Fanaiiaonadosiuludainit Theme Froiadunnuindodevostofuny s1vazidongidnsu
wandluangedl 1

2.3 nFesdiouaznszurunisiiudeya

lusyer Qualitative Strand FRI3BALTUNMTAUNUINGU (Focus Group Discussion) Tudnwaue
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Juiinidesiioiaieaduiinadvianas{vioynide 2 auantuiin lididosgnoenainulaedasy
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327U MoSCoW naustaade (X) AURUNY
Must Have X > 4.50 mudesnsiddiugean svuudeallunedduusn
Should Have X 4.00-4.49 AudeInsddfinsimulussesi 2
Could Have X 3.50-3.99 anudpansTisiuseleviuansnsadeusenlulé
Won't Have X < 3.50 laigudulusrozusn (iusinglunansided)
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#315841910 meaningful richness vasdaya %ﬂaﬁfuawmmLﬁmwamaqaﬁ’m’auﬁﬁﬁm
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UMANNEETIUAQUATIIVANN Ll HE-142-2567 awslA 27 fugiou 2567 nuneny 26 fugou
2568 AIUN1IANLUINIG Declaration of Helsinki fli1saumnaulasudayansuiiunazasunuly
WuUBUEeN (Informed Consent) AewisuAanssY

N39U MoSCoW Prioritization Waiu1lae Wiegers & Beatty (2013) § 995 u18 MoSCow
Tuvsunmsiesgianudesnssensinag n1sidedussgndld MoSCow FeinasiBsuiinman
Anady Likert vilodnaduainudfnlussoni3udu (Sommerville, 2016) nsrnun threshold
WUU equal-interval vudLnga Likert 5 sgaU (Must Have > 4.50; Should Have 4.00-4.49; Could
Have 3.50-3.99; Won't Have < 3.50) 139U threshold LUy equal-interval ﬁgmmmﬂé"ﬂmiﬁ
lasuniseeusur it unuaniavuizaua vsunisulana Likert scale L0 usgau
mssnaula (Wiegers & Beatty, 2013) Tnansivun Must Have 7 X > 4.50 @onadasfuan > 90%
YosAzuULAIRn eazdiouduniufgslunisdaduitninudosnistusiiudesilunesdunn
LAZADANADINUIIUINE IS Requirements TuuSun e-Government ﬁ“l%’mm%é’ummﬁquﬁaaﬁuuﬂ
core requirements 910 peripheral requirements (Scholl & Klischewski, 2007) da31invoensla
equal-interval threshold Aslularilsfian1InTEa18 response YoIUAAEIIBNT %ﬂazﬁauafﬂu SD
fisreaulunnssd 5
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Tusrey Qualitative Strand N1531AS1¥W LT UAISAIN Thematic Analysis 6 9 unay
984 Braun & Clarke (2006, 2021) 1in39y 2 AuLlgu Initial Codes dasgarniudmiu 20% vasun
nonAY (Uszanal 6 niann 30 wiivavan ARLGONLAENTSEY) AUIN Inter-rater Agreement g
K = 0.82 (Substantial Agreement a1al Landis & Koch, 1977) srauaalanaY awwn = Usnglu
MSALTUY IR NG ﬂm’smsmmaawmmmsauwm > 81U 10 Ausangy) g9 = Usinglu
fiinmdnidng > 6 Tu 10 aw) veseddeeviangy Umnas = Usinglufidisauniosndn 6 Tu
10 AU v aUTINGNIEUNYYeINTauNL Tussse Quantitative Strand MsuINALadY (X)
wardauld 89LUuNIATEIU (SD) ad dLFanssaun (n = 20) lwatu1snd 1989
Weuszrnsla

Aousiiumaiiudeya wiswlouuuasuausinunmTadeunuAsITILEeN (Content
Validity) Tne1d 92910y 3 vinu 1dun 18 eavgsnussuvarsawna funsideidausuim
LaEAIUNTUIMTIUNIALTE Aulafvlaugenndes (100) Ie 0.83 dafuinmueif ey
(= 0.50) MUKUINIVDI Wiegers and Beatty (2013) Mnuhuvvaeualuneaeurtesdy (Pilot
Test) Fuldmi9 7 luly ng udieg 19959 §112u 5 AU 1f enTI9deUANTALAUYBIN 1Y)
LazAMLMINEaNYeaTlun1Iney MdeUSuUTInLNa Pilot Test udd AuaAIAILT Bsly
(Cronbach's Alpha) I @ = 0.89 Faagluinausid (> 0.70) UsdiuaTesilefinmasnndeniely
oglusssuivonsuld dmsunistinsesiidelsinn §idodenldadfdmssauununismaasy
VEGRGEY Lﬁaamﬂﬂﬁjuéf’saéwﬁwwﬁﬂ (n = 20) WagNaNIIVNAABUNITWANLIIUNRAMIEY Shapiro-Wilk
wuindeyadrulugldilulumu normal distribution (W = 0.89, P < 0.05 Tus19n15% 3 uay 5)
Fufumsnsnududiedouazdnidosvuiasguniomnas MosCow Saumnzauniinisly
nsnaaeuLuUS I westuuiuni

A15197 3 UsziRumnudeansvdnuasseduaalanauain Thematic Analysis

Usziauman Anudesnistasiiusng sEAUAINLAALAL

1. manfsarldanussuy GUI Boudng |deiuiv 9N
seesugunsaivainviany
STUUAVEMLUNUM (RBAC)

2. AVINATOUARNLAYAMAINTBYA ATOUAAY 5 dfvas TPMAP Validation GRG0
gnludls uduseudayaliauysel

3. MsanAudouvestoya Record Linkage Tug1udeya Feun
annansendeyatn

F189UTIBNSTTALES

4. NMSIBNUNAKAZNNTIASIER  Dashboard Real-time a9
Export Excel/PDF
N509MuTR HUA Y2987
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Usziaunan AYNABINTERENUIING 52AUAULAALAL
5. NSYTUINISHasaNReTEUY  Avvayadnludfru APl Uunans
LIRHOUTBUS UL

5995U Manual Import
nugnun cszauanulaaiau gauin = ysinglussaesna unaeanisaunun g9 = @ulng
Uunans = v1angal (Inter-rater K = 0.82)

3. HauazafuTENaN1IINY
3.1 HAMIIATIEATIUTTAU
N32UIUA15 Thematic Analysis WUUTELAUAINAEBINI1SUEN 5 UsEuiiu fen5197t 3
TnsusazUssifiuUszneusedsuifudesidenmnmillusyey quan WWumsdauaseidu 8 s19ns
ANUFDINISTIUTINAL (15139 5) m15139 4 uansfieE1anTEUIUNS Coding ﬁﬁﬂﬂajﬂsmﬁu
fflnailanisugagn

o Y 1 Y & v @ 1 @ 1Y @ [ T v
A15199 4 FIPYNNTVRLUDIPU UTEUEDY hazUsstaunan (Useinunan 3: N15anAus19au)

swaasdu Uszihuday Ussifunan
nsondayadiynazuunndUnY  anssnudeu nsanAuTIFouTDItaya
ATISauReINulagausTUY Toyansednnszany nsanATuEdeuTestaya
lifanideszuulny 11 Single Source of Truth  n1sanALT FLDITaya
trwgntha lalldraethg HANTENUABAMAN nsaneNEdeuTesdeya
N3FIERL
Lifinamsigeunnszuy fotrfansnenadmind  nsennnudidouvesdeya
Wivestayaligaulidid Uayvn Data Ownership nsaneuEdeuesdeya

3.2 wangiusaznisedusenandazUsziay
3.2.1 msidneasldaussuy

Useiiuiusngdrlunnnaugosnaonnisaunun Wmithiisefusineuazsuanais
n$nens IT flegetredrin uazaudnduiiszuudeddaldnnuiiwessssua Tnglidos
Aadsronsursiiuiy Todunuiaenadostu Davis (1989) fiswyin Perceived Ease of Use
lnalnensssianiseeniuszuulusreze 1

“Srszvudosnradlvanlusunsy Fastesls (Sminiiieunedluvmsenuy Iufiaa)
Sugputaivuaildlalas” — P03 (G1 — Wniwnisreuianes UnAsesdamin)

“1509 Login AdARyuy usazaudouiuuadoyaveiates ag1liiununynag1e
SuaziAntlyuiasmamauls” — Po8 (G1 — fuszanuamy usus)

3.2.2 AUATIUARNLAZAMA N TBYA
Aiisaisunnauyaismnudnduideyadesnsu 5 46 winiuiaulafesiinisfne
Ju &

v ! ' A aaday ] DY
LaraunmgnendlegsUseigaluguslianildeyaunnsesgeludagdu Feaennaesiu Scholl
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& Klischewski (2007) 7iszy21tgmiauaindesa sinidunalnenssvesnisuin interoperability
FEMINTEUY
“doyanisAnwivesgnlunsuseuulisinmasuy visiineanainlsuseuluuas
luszuudsuaniudeuse vl suduindusii — POl (G1 — waunsTIwdun)
“doyagunimidly TPMAP Fuilisuduiulynsaduias iws1zld925Inauas e
suulngesIn g IAdeITUNaY” — P10 (G1 — @@9.uA3519EU)

3.2.3 MsanaAutndouvastoya

frandondsufuiendlansuiignanmsaunuaudilusiy dseduidedney
AT dautesteyaUsngTudh q deudduauay yavdiseu angu anuguLsesom
aonnd et uUTUNTBIUATIYAINTITvNswALITosds 10 ue AseUAqN 32 S11ne 289 Fua
uiiudanufinnanadntesanaiudideu foredwalinisthemdedntmuneluining aenndes
My Scholl & Klischewski (2007)

“asauSoudaii ssuunilaventaeuds Snsyuuvenddlilisy werslunwdiugesde

syul Suinvies s auiimslafanuautne’ — P2 (G1 — ww.unss1vdan)

“souil merge Toya91n TPMAP AU ThaiQM AuasuSeusizuie asusoudeany
fo79d record amuanaeus untedusiiudenios ssuudlisandumudeaiu” — P13
(G2 — ndansveya Usua.)

3.2.4 N3IVUNALAZNITIATIZHA

{]zyjm‘ﬁlﬁqg]mLﬁaLm'eiqwaﬁ]‘%qmnﬁaﬂ'}ﬁmﬁﬁwmu Wmihiivaneauuenindes copy
far91n Excel vangliidinusuesnounnnsUssqudndy MWaawaietu uazdifianaintosads
Dashboard Real-time Fslalduamnuazain widudeulvddyesnisdaduladalevslusedu
I

“ynASiosszaus1enIugang deslnsouteyainuiazmisgeunouay udaunsau
104 I9iaa 8763 §781 Dashboard saul3udafasSanaaidnn” — P06 (G1 — dnfhaudanin)

“Douilfia copy AavIn Excel S lWsususuouasuy uar8inen 871 Export

p9nU7lAlag9InTEUUAMNANIN " — PO5 (G1 — BUA.UATIIVALN)

3.2.5 N1YSUINTUALITaNFDITUY

Uspidutihaulanssiilvinasnassnienguiidaauiian 62 Taruddygand 61 ann
w31z G1 dulngjdshiduasiuinda APl iae vzl G2 fednfudndudmiunisvienu dosins
Au0US AT aeIng iUl Ins A sEuy asdesunioutuunuaiisaudila
Wiy G1 e lalldurdeeussuuudiay

“§97ienTigaAAeNTT sync TayasenItmiesIu 11ull APl 1nsgiu Adeeselilsias
Aua Excel u7lvinaen dutuazdanainueeinsiz format Aluivdeounudge” — P14 (G2 —
UNWAIUNTTUY 15U

“API ooz sundalsiulaiaey uiduiurilidoyastinmeslneludonsendriauy
NTITReUTEIANgezINI3Y 97 — P04 (GL — @0.uATIIYAL)
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Yoviniliifeddydenisoonuuuiblsune matmussuuiiiauaiusagamianaia
LATIALNLLES HAS9ANTEUSATTATYAY G1 azthlugnsldauildifuuszansam {3 duiui
Tassnsimunssuuaseaniuy APl Tudnwasiivounrududeunanaielfideama (Abstraction
Layen) uazanmieuiulugafinousuidimini 61 sgraduszuu Fsaennrdesiunseunisiimsinnis
mM3wasuLUas (Change Management) 7 Sommerville (2016) sryIndutladeddgyuosnnnudisa
Tulasen19 1S n1asy luseavuleuie nseuan1Ununssusgurasedns (Government Enterprise
Architecture: GEA) wosdntinaustmunsguiandvia (2565) 1unalnfinfousessunisysunnns
AaNa1 widaen1sNIsHAnAuduleuelindlsnussAudwiniluudRaseaug funisimun
SLUUATAUNA

3.3 WaN13E13IIAEIAUANNAATY
ALU1991919 20 AU AOULUUADUANNATUNIU A15197 5 LAAINAFDALTINTIUUT (n = 20)
q’.J/ qy [y & & aa a o [ 1 o 1 lel | :.’/
LeNA1 G1 (n = 10) kag G2 (n = 10) ietinaansiJuadadanssaundmiungudiegrayativinty
Talanunsnonsdadalsennste

A15199 5 HaN15E15IRUANNEAR MoSCoW ugnenungy G1 uag G2 (@RRdanssaun, n = 20)

ANADINTT GI1X G2X 59U X (SD) MoSCoW
1. meaneuideuresioyasemigudeya 470 480 475(0.44)  Must Have
Mg
2. dhudnsefldnuiiSouiouasdfsldiudu 460 460  4.60(050)  Must Have
3. ToyAATOUAANATUNN 5 HRYed TPMAP 450 4.60  4.55(0.51) Must Have
4. syuudvismsidnfanuunumndhd (RBAO 450 450 4.50 (0.51) Must Have
5. Dashboard #3Uafifuuy Real-time 430 440  4.35(0.59)  Should Have
6. N3 Export 518974 Excel/PDF 420 4.20 4.20 (0.62)  Should Have
7. M3fstoyadnludfiru APl 370 450  4.10(0.72)  Should Have
8. srUULINFBUTOUNTIUAATRYA 360 430  3.95(0.76)  Could Have

NUNBWAR : @iRALTaNTITUT N = 20 (G1 n = 10, G2 n = 10); ALWUUIINUUUEBUNY Likert 5 56U 8 518715,
\Neust MoSCoW gnn3neil 2; walalaunsadnsdagealseannsle

fia SD Y8e318N13 Must Have 114 4 88529119 0.44-0.51 Ustinngusognafiuioaiugs
61 ua G2 WiazuuulndiAssulumensil 1-6 (g < 0.10) feainsensil 7 uag 8 Fevisaoangy
Tazuuinefiuannnd 19msi 7 61 1% 3.70 G2 1% 4.50 (wawine 0.80) uazensil 8 G1 1% 3.60
G2 1% 4.30 (wasins 0.70) aruuansinsluaessnenistvsd dedesinsenuseuiAdnasevinsaeangy
saonadoaiutodunuanszes QUAL

3.4 538y Integration: N3ATIVADUINTLYE quan Budunazvanena QUAL aeals
TvYY Integra‘uon 1uﬂia‘u Sequential Exploratory Mixed Methods Desngn (CresweLL
& Creswell, 2018) A fetumeuiinasinszey QUAL uavszes quan gnuIBugUiY LWE]WJ’WN?{@Q
yataya udu (validated) n30ve1e (extended) Tuagsls wauanslum1snsil 6 AINTINDIANST
AT Integration TALAUNOENAIT E1995U Theme 1-4 5¥8% quan Budu (validated) na QUAL
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namfediuanuddyankuLdaUay denndestuseiuaalansufiadaldain Thematic
Analysis Fafinpnuundedovesdefuny widmdu Theme 5 Bossndudeunit szey quan vene
(extended) WA QUAL shemsiagliiiudn G2 Tiseduanuddnun AP gsndnseiuaslaniaud
Usinglunisaunuing'y ¥esi13a1useus @dvad lwusingtaluszes QUAL
Wigsetafien TuRenmatdl Sequential Exploratory Design 1aul svay QUAL a¥wmnndila
FIUsUN vausdiszey quan senennliasudiudedy fundunefennudeniseunisidiauasly
uszUUdslasedu Must Have (X = 4.55) deandaaiiu Davis (1989) fiszyin Perceived Ease of
Use WulladudAgysionseausussuy drunnuunnsavesyuuedsening G1 uag G2 luusziiu AP
Fhitudannududulunisuimsfanisanuaiantang dduld i evateng unfoudu
%3 Sommenville (2016) sgyindummmimeinuteslulassmsiamvendasuualng

Ly

A15199 6 NITYTUINITHANITITY : N13ATIVABUITEELLTIUTUIU (quan) Budunazveiena

N3ANYITIAUAIN (QUAL) ag4ls

FTAUAN e X seAudu / a v
g e , AunuAmAEiN NANISYIANTT : quan Budy
Usziauman laaau vy MoSCoW ¥
(Qual) / v818 QUAL
(Qual) (Quan)
T msdndawagld  gann “szuudesdaduuddldld 455/ Must  quan Budu QUAL Agwuu
UTEUY e laifesindsoyls” Have donAasuTEAUATIlAALIY
(PO3)
T2: ANUATEUARY gunn  “deyanisfnwilaidUian 455/ Must  quan Buiu QUAL Azuuy
wazAMANTRLA ey v Have donAasuTEAUATIlAALIY
Faudidu” (PO1)
T3: A13AAAY aunn “dawgthe lildsudhs 4.75/ Must  quan 8uffu QUAL Budiuegns
L BRTH Aufirsléfnnuau” (P02) Have  auysalluynid
Ta: N13518NUNE a9 “t3l Dashboard 5347 428"/  quan Bufu QUAL Azuuu
WAZNITIATIEN wdfasidandniinn” Should Have @anngedluiiAniamediu
(PO6)
T5: N5YININTG dunae “Ae93e Excel Mnusiaz 4.03/  quan 9818 QUAL G2 TiszRuags
LagLdousasEUy Au Fuazianaintes”  Should Have ninil QUAL Usng agviou

(P14)
waewg : *AledeseAuSudaandedevessinisgosludutu (T1: items 2+4; T2: ltem 3 T3: ltem 1 T4:
ltems 5+6 T5: ltems 7+8)

FoIINANUTOUTAIVR

n3zUUNTUUA Technical Attributes (TA) #l#faInszey QUAL lug System Requirements
Tu SMRAF mmma%mmhuéf’mshw'%qmﬂ%'azﬂaﬁLﬁmwmﬂumﬁ%’aﬁl Freehadl 1: TA “Wmihil
doansendeyaniaFoudsud lunaessuuuieaded 3 ssuulutudeatu” gnuvaadu System
Requirement 11 “izuué’aaﬁﬂaiﬂmmaauLLazﬂaqﬁ’uﬂ'ﬁﬂ’uﬁﬂsﬁagm}gﬁ%’au lagdnludfnou
commit” wazdaseauidu Must Have (X = 4.75) 08197 2 : TA “i@uthiidosse Excel 91nusiay
e fuazianaintes” gauvaadu System Requirement 31 “szuudiaasesiunsiiense
Nu AP FUSZULTES miheuduegtios 3 e’ wardasyduidy Should Have (X = 4.03)
nszurunIsuUas TA dananadndunislaeiiug35e5uAuid savgdussuvarsauna
wazrunInTIvaeuluszeg Pilot Test nouihluldasslunuuasuam
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dmiunumieansUszgndld SMRAF Tuudumay wimsifedsndunsluusunveanauna
uanansluniangiueanideunte winsou SMRAF fidnanmlunisirludszyndldiulaseng
Waussuvarsaumaniaigluuuniadiedu Tnedifoulvddgaruusenis Ao (1) e
flassaseddutiunasdfdnlddudevarongy dsfesnsisifuteyauvunaunaiu (2) vouis
Audeinsdalidanulusrenis udunazd 09 f8n1SAUNULUU exploratory AauN1508NKUY
FaUsaina wey (3) URTRNuesUImsTusestoszuuTuaneeiu siall ATefideansussend
14 SMRAF Tudaniaduviessdnsunasesduiesiudumsuiviuneu QUAL Wasnndasiuuium
Tosdu uaTATIIEDUIANAT MOSCOW threshold Tldasvioudumuivesesdnsiu q eghamunzen

4. #3UNaN13IY

(%
v aav

A UIIRgUsTaAiNeTIATIEIAIINABINITVDITFUUAN TAUNAATITBUEINAUIINYUNBY

9

yaudmiiriaasglusimiauassvdan lagld3Uluu Sequential Exploratory Mixed Methods
Design (QUAL—>quan) fUgldnsasdnuin 20 AW 10 10 18914 HANSANYINUAINABINITUAN
Y0333 UUTIUIY 5 Uszidu InsUssiuiildSuanudidygeanfenisananueidourast aya
(X = 4.75, SD = 0.44, Must Have) %"'ﬂgﬂﬂa'nﬁqazmaamﬂé’aaﬁ’umﬂQLsﬁwiamnﬂmamwﬂmlﬁﬁm
mé’i’aﬂﬁ%ﬁ’m’]ﬂ;ﬁ%’a lusgern13ysUINIIHA (Integration) nudmadeUSinaBudunanisfinyds
AuANIY Theme 1-4 uazvengnaly Theme 5 lagasiouAURANANAIUAIINTOUI ATV ALAL
arundlaszuussninngudld dslivmngessdmauandeyadsnunmifissegiaien sided
YlausyAAILABINI3YBITEUUTIUIU 5 Themes az 8 Sub-requirements MHuNsATIvARULY
UsunUsemalng wiouiaauansou SMRAF dusunisiiaserianudoinisvedlnsinisssuy
ANTAUNANIAST NTOU SMRAF HFNWMZUANANIINLUINIUINTIU 18U BABOK waz 1SO/IEC
29148 Lﬁmmﬂg]ﬂaaﬂLLUUﬁm%’UU%w%aULWﬂmm5&1&]68’@Lﬁ]u waeiduladiudeisyiuniy
dlassuuiiunndnetu Jadudnunedinuldieslulasinsssuuansaumaninisvesussimaniids
i wonand Han153dedsaunsainluussendlylun1sing Product Backlog vaansiamunseuy
Tnafnunsiansszay Must Have udmungvesnisimunssezusn wazsen15szau Should
Have dmsumsimunlussesinly

ogslsfinnu midedideiavansusenns Usensusn nqudediedivuesoutiadnuas
Aerdaslnenssiulasins §9e191An Social Desirability Bias 1 Usznsfiaes nsifudeyaids
YSunauriuindainisaunuinguenanalmin Anchoring Bias (Tversky & Kahneman, 1974) na1ifie
Usziiufigneduseluszes QUAL e1admasanseumudnueiinsiuuaziidnsnadenisnou
wuvaeuanulusyey quan wenani ludrumuawsalunsanslounanisise (Transferability)
Fosunvonamuzautuiminuunelngfifmhsnuioidessunumn vagiviunvesiminaun
BnvFeniuiififszdunusouiAivaunnieenly oredwalididueudidgueaniiudeanis
sruudsundasld gifeTaauslvifinansraeuuarusulidodunumuuiunvesudariiuiinon
inlUlga3

dnsutoiauonurlunsidondioly msvensngusegnslugssdusiua dusmonisdany
Uszian control items Liteaneafvaan1snouLuUasuany uazddunsiivdeyalurisnaii
uanAsfuitoysziiuaunmuremanIsiny wenani nsfinwiuisuifisuseninedmiaid
USunuaNAeiuIsYIsUseliuanuainsalunisussendldnseu SMRAF Tulasenisssuuansawne
mpsslussunituiisulddaaud
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nnAnssuUsEnA
nsiTedldSunisatuayunuideanmieuimsuasdaniamudunsiaugueudos
wagfiudl (unn) LarNeIUINeIMmIEnT 338 waruinnssy (1) Aeldlaseinis “asimun
uagenszAuunanlosuionsuilatamiarmeinau Smiauassvdun” (PMU-A/NSRF) §34e
yevauA M mininaigynviufiaazinaidisinide uazveuanIAILYBUANABANLNTINNS
PFeessUN T lunyd uminedessdguassvann (sWalasinig HE-142-2567)

LONEITDN9DY

NITUMTHAILNYUYY. (2565). T¥UU TPMAP: Thai People Map and Analytics Platform @ﬁamﬂ?gf
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unAnga

memﬁyghﬁﬂwwmumLLazﬁJﬂ&mema@ﬂiy,zymizﬁwﬁ (Artificial Intelligence: Al)
lunisgnsgauauaImnsAnyrIngrmansuazinalulad lneddngUszasdnan 4 Usenas
laun mﬁmeﬁﬂalﬂﬁﬁzyapﬂszﬁwﬁa%ﬁwsxaumaaﬂmﬁauﬁmwwqﬂﬂa nsUsziulszdndua
Y9I UUATIENToYANTSIS8US (Learning analytics) Tunsnnuiaiuin1svesisey n13d1579
auTimedsaiesssniiietunnnnimealuladindssgndldluuiunnsfine waznisiinun
Torauauuzdalouidmiuuimsantusazgimuaulouefiieades msAnwordenismum
1550un35ue8 10T usEUY (Systematic review) ane3 sl mAsIERRILIN KuRnfuNITIRSIZA
nsdlAnwainantunisdnwiduiiislussduuunauarluuiunvesssnalng wanisdnu
Fifuinygruseivifvnanadauinlussduiiunansigeretssanuanindous lnsane
Tumsatiuayumsissuiinevaussanudesnsneyarauasmslsideyatounduuuuiiuil ogdlsfem
anudnsanananiinnuduiusedalidedAydivanssousAuadavesiaen Fauidefiieades
svypsatuindutiadeivaldldlunsduedounadsuutasdundvaluduseu venani
wiitlgyauszAus asddnenmlunisananundenainianisdnw wilumsfofmeluladment
fansnszanegluanituiiiininennsgs wiendudeliAndornasunsduasesdoyadiuyana
Y913 uLarANE LT B9U09TEUUNTUTEIIaNasALWTA T edeensnisdaninifeulouns
ot fusyuunazseiilos

Ly

AanAgy : Jeyausehvg, NMsidsunUandenavia, 23855u Al, N13neInermansuazmalulad

Abstract
This article examines the role and potential of Artificial Intelligence (Al) in enhancing
the quality of science and technology education, pursuing four primary objectives: analyzing
the mechanisms through which Al enables personalized learning experiences, evaluating the
effectiveness of Learning Analytics systems in monitoring student progress, exploring the

ethical challenges arising from the application of technology in educational contexts, and

*Corresponding author: saroj@su.ac.th 1
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formulating policy recommendations for institutional administrators and relevant
policymakers. The study draws on systematic review of studies conducted over the past
decade, complemented by case study analysis from leading educational institutions at both
the international level and within the Thai context. The findings indicate that Al demonstrates
moderate-to-high positive effect sizes on learning outcomes, particularly in supporting
individualized learning and delivering real-time feedback. Nevertheless, such success is
significantly associated with teachers' digital competency, which converging research
consistently identifies as an indispensable factor in driving digital transformation in the
classroom. Furthermore, while Al holds considerable potential for reducing educational
inequality, these technologies in practice remain concentrated in resource-rich institutions,
and give rise to substantial concerns regarding student data privacy and algorithmic bias that

require systematic and sustained policy intervention.

Keywords: Artificial Intelligence, Digital Transformation, Al Ethics, Science and Technology

Education

1. umin

nsdsuulandsfivaiiintuetnssiasluamssud 21 dwaldszuunisinusialan
Fesufumegasasian esesfumudsimsvemaaussulardsauiiudsuutadly Taganie
Tuanuingrmansuazinalulad dadeidusingrudidguesnisiauiuseima (UNESCO, 2023)
sULUUNTS BunsaeukuUA i uifun1sussersludus sunaznismaaedluiesufiRnns
uifgiiseAnBralunsdnenanauiiugu winuisesuaunndiduisuuuudindnidesiin
Tun1sneuauasfoauLANAITEnI Ny ARaTeIiioy N3 uaiuinuznisAndiasizidug
wazmsessugiseulindeudmsulannisvianilugaddiia (Ouyang & Jiao, 2021; World Economic
Forum, 2023) Tuvauzifedniu fiseuluga Gen Z Faudulpanfumeluladfivanausiidaignuns
nMsBeuunnansneuiuieusgsdaiou TnefuuilduiiesiSouiiudonivia uardeanisdoya
dounduviufl nviadimantalsraunisainisidoudiinmumneuar aursadeuleeiudingss
(Seemiller & Grace, 2018; Zivkovi¢ et al., 2025) 13t useivguUszendlglunisAney
Feldsuanuanlaegrenieundluguziaiosdeifidnenmlunismevaueseanudosnisivanil
TngauddenuintygiussAvsg (Artificial Intelligence: Al) anunTnensERUNadUgI NN TSeu
dunssgdlavesiidou uastlifaoudnnisnisSousldednediusyansnmanntu (Zawacki-Richter
et al,, 2019; Chen et al., 2020; Crompton & Burke, 2023)

otalsfinny ufinasdaddediuniunni Anwif sadunsussg ndldd gy ussavg
Tumsfnwlaeialy uinsfnvndaiiasgifiysannmsiedneninees gy ussiug Ussdud
395954 waraussauzAdiavewasuluuIunanizvesatvIngmansuazinalulagdinsdiog
9819911 (Miao et al.,, 2021; Zawacki-Richter et al., 2019) lagianie gnsfnuiitussdiumdni
wInsizsinnglunsevnwiAniieniusgienseunquuazidussuy ¥o931909AAUFAINED
Faduusmdndudrdyuosunauivinid deifenussasdiio 1) Anvidnvaeninioud
LaEAIINABINITVRNEITEUEA Gen Z luaiviineimansuazinalulad 2) Jiasievidnenin
voadeyaUsedvg Tun1sdnnsiseusuuunIsUARARAENITIATIEYTBLA VRIS EY 3) duAT1e9
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Uszinusmuasesssuvasnsiilganuszivgluuiunnsding uaz 4) tiaueuuinisimunaussaus
dviavesiaeuiiotuindounsiudsuulandsidvianan senwliinnadunysegaiiuszanina
wazdiANTURAYRUs DA IR ﬁ”’qﬁwaﬁmmwﬂﬁ%’umﬂwmm‘immﬁﬁﬁaaaﬁmmi@qgimmi
fdusslevdseraou dnivnsdnw uaggimuailevislunisesnuuunasiamingzuIunis
Sounisaeuaiv1inermansuazimaluladiaonadestuuiunteinisiud suwland @i dva
naonuduwnmedsdsdmivanntumsfnuiidesnsihdyyssivg dhanldeswiussansam
wazilaSesssu Mutlimneuauawieaudensvesiseulugalnildeg1aunase lngnseuwuifn
yosunesiTMstansaagunmeldfanmd 1

1. WiSou Gen Z ; g 2. Aingmwvoy Al
(Learners) = (Al Potential)

nalnnanfunisiuindeunisisous

anuru:d1AryvoutiSeu Gen Z
(Key Mechanisms for Driving Learning)

(Key Characteristics of Gen Z Learners)
« FiouMmsANU=UAUR (Feedback)
« msiSou§lawr:unna (Personalized Learning)
« Boutiudendna
« iBoulouiuganesIli

4. dussnu:gdou
(Instructor Competency)

finu:Ngaoudnlusiouwsun
(Skills Instructors Need to Develop)
. n:nuénéaa Al (Al Literacy)
« AiNWY=NISONIIVUNISISBUNISAOU

+ MSISBUSIVUUSUIKLN: (Adaptive Learning)
+ MS3IAS1:HNSISBUS (Learning Analytics)
« HouunUansialiou (Virtual Laboratory)

3. 9susssu Al
(Al Ethics)

AYWNTNMEAIUISESSSUNADIAIUY
. (Ethical Challenges to Consider)
. ﬂ:rlmﬂudouﬁova\l\"laga (Data Privacy)
« pWINIABUTuNIsADY (Equality)
(Instructional Design)

« nisUaununiswewainalulaguaniiuld
« 95gsssuUNWAINa (Digital Ethics) (Over-reliance)

SnerAransnazinalulag
(Al 'in Science and
Technology Education)

s

A 1 nseuwuwdAnnnsnludianuduiusseninsdgyayuseivg Ji5ou Gen Z a585554
wazaussouzgasulunsfnuinereaniuasinalulag
(#A311 : NotebookLM, 2569)

2. ASANYILAZNUNIUITTUNTIY

UnAMLTvIN15T SalassadienismunIulssunssueendy 4 adendnideulsiu
pg1aduszuv IWEJL%Mﬁ]’mﬂ’]i‘vﬁﬂ?’mL‘ﬁﬁi%ﬁﬂiﬂm%%@ﬂﬂiﬁﬂﬂ Ulugnsdasievidnenn
Yostgyey1Uszivg NMIiaTaNUsziuasesIsy LLazmiﬂ’wmammumaq;Eaauiugmzﬁ%’umﬁlau
mM3LUasuulas muasy

=

2.1 dnwagnsiFeuivasyiSeuga Gen Z lusviivenaansuazmalulag

anudlang9dnd wierfudnvasuasngfnssunisisuvesfifondeidugaiudu
fvilailalunisoonuuunszuiumsinnisnwiiiusansaa TnsamzluudunigiFoudiulg
Tuszaugaudnuuazisenfnwneularglulagiudiuduaundnvesngu Generation Z sel3enin
Gen Z Gemnedsifiinseuined a.a. 1997 S 2012 nqueusuiliulntuswdousumealuladnasa
98191934 nsanaugunounthideslinsuiudutmimaluladlutlagiu (Seemiller & Grace,
2018) erundlaieafudadnual arweants wagdedrdafigiounguilindganssuunmsfing
LLUU%&L@N%Q@?WJWN?‘I”]@J@,@EJ'NEQJIW]'EJﬂﬁWGUU’]LLu’JVl’Nmi?']Jﬂﬂ’]’iL%‘EJuﬂ’l’iaE]usLua’l‘U'l’QmEJWH?IGI’%

wazinaluladlvasnndasiunnuduasdduanissui 21

I
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2.1.1 dndnualuazngAnIsuNIssausvaEisey Gen Z

Ji3ougn Gen Z fondnualfilaniiud wdevaoutunnnaivlsluanmunday
Asumesiinannuiiage audalviu uazdodeaussulatdisseyidudrunisvesiinusediiu
Faudteuin dnvazdainandwwalagnssronszuiunisUszananauariuidoya Ing Seemiller
& Grace (2018) 85U1831§138U Gen Z AA111@10150LUNTITNTBMALUTEUIANATDYATIUIULN
Tunandudu wifivasarwaula (Attention span) fiduniiausunouseaiiid i edwmalsimnia
novauswiailiomiinszdu fnmuszney wagdemnumingldvuiiunnninisussenslugduoy
Yan1118717 Todunuilaoandeatuiurfnas Prensky (2010) Aasureai3ounguil dudy
funsudeyalugluvuiivanvatondeniu wazneuaussdeanmuIndennsisousilidenas
(Multimedia) 120038 Usznaurasnsifouidany (Gamification) l¢egsiuszansamd sy
adalsfinu Asiansandedunumanigaennussinse T Wewineudsodnlnalulssdiu
fanannerfenisiasevingAnssaluuiunvessemantunn deenaluazioudnuuzianie
¥93150u Gen Z luviundanuuazimusssulneldegrensudiu detuidurosinsesdainng
fifanafoansnsAnuiianis

uanantiu ludungAnssunisuaramanuiaonadesiuauidoves Schwieger
& Ladwig (2018) Fanuiiseulugn Gen 7 fuualiilumsiSeuiienuies (Self-directed leaming)
a4 WngilouAumanusiiuunanlasufdia 1wy YouTube, Khan Academy %38 MOOCs 101
msflemfaoulugiuzunasnnuindn wginssufenanasieuiimsiasundaadassaiialy
Arwdiiusseineidoutuanug nanfe fifsunguivemueadudimundumanaiouives
puies wnnindugfuansuvuiden (Passive recipient) luduidsunuudaiy edl Wefiansan
luuSunvesarvringamanswazinalulad 11uIduves Dabbagh et al. (2019) WuiH LT U
nau Gen Z WianudAgiunisiseuiiiun1sasloujud (Experiential learning) wagn1sundeym
TuuFunadannniimsviessmguiuvuuusssuivianadeulesiulaneidueis feaenades
wazldsunsBuduifisiduainnsinuiues Crompton wag Burke (2023) AnuindiSeuluanuaniy
(Science, Technology, Engineering, Mathematics: STEM) LL?I@NNaﬁ'me§€wNﬂ’liL§8uﬁIQQ%u
asmﬁﬂ’aﬁ’wﬁmﬁaiéj%’umié’mm’:ﬁsmi"ﬁ'wﬁmmuiwéﬁﬁymmﬂamumiﬁﬁaLsi’fﬁumv-ﬂuiaﬁ
Fadaldnou ogdlafinny unuidev 2 Srefurrativayuuuimisnsaoununidan (Active
learning) A &9T AIULANA 19T UTEA UVDINITUILAUD Na19A® Dabbagh et al. (2019)
Wutusegelauagaudosnisvosfifoududdy vuedl Crompton & Burke (2023) Thiwiin
funadndnisSouiiiinlfannisdnanmndendimanzay Fatlmduinsvanudlanginssy
1931381 Gen Z luisdniusniudesfiansuniedfvosussgslanislusasdadonieuen
sumseeniuumsaeulundoniu uaztuiduussiuinuideluonanastimmualslunsysanms
yuLesasLIIsiInaeadussuudely

2.1.2 AMUAIANTIVBIEITEY Gen Z AiANITEUIUNITIANITLIBUNTEOUY
AIUAIANTIVBINLT8Y Gen Z AONTEUIUNITIANITITHUNITABUTATIUUANA Y
o Aaado o > ., v X v v =
nausuneuluvanelianddey Tng Zivkovie et al. (2025) neauindiseunguilaianialvinisfing
ABUAUDINBAIINABINITIANITYAAE YILUAIUANLEIT09N15158U5 JULUULT 0T Lazseay
AMUEINTFDNAGITUANENINLAAIINAUIIVOIMAAZAY AIUAIANIIRINE1IALYOUTINGANTIY

NHTEUAULAEIINNITITUTNITATTaludTnUsedndu FedanaSnuaiunsausule il am

I
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o

wazUszaunsallimunzdugdldanusdazaulalnednlud® wenaintu eAunuves Zivkovic et al.
(2025) orfugrudoyaanuiunglsdifundn Fadufnmdaddeiidesnsfiguiiaunanisly
anvagAInaninNUaenndemseunndeiuegelslutTunvesiseuluginAeliens Tusanides
¥ Seszuunsfnundsnsdidnuasflvhmdnduaufuiudidsussisdaounasdidoulused
figand1 uanainifu luduanudesnisteyatioundu Ouyang & Jiao (2021) a8u87 i3y
Gen 7 lalifipausgoanmsruindineugavieiin uwidesnsmesureiddnditigliidnlagaunnses
LATLLAIMIRAILY8IALIBY FaunnsnanngUuuunsUssliunauuudafndisnlideyatoundy
Tudnwaurasusu (Summative) wagianuad Weiarsansauiunuideves imjai (2024) inuiy
LS8 Gen Z luanvinermansuazimaluladlvianuddgyiunisifeuswuusuile (Collaborative
learning) W1uwnanWesuAdia Tnsuewinwznsynuduiivesuladdnduaussousisndu
dnsunaanssenilusuien bilifiesianssadalududou s 2 euidedanandlifulufiani
Weafudgisey Gen Z weanszuiunsiseusludaimuinisuaznisnisuanuniengnisu it
innrimsazauesdiiienisvaaeuwintiu TaseAdert 2 Sefidedfnsuiulunidisslildnnany
ogadngrinanumantafanaudsuuadlegndladed Soundaiudohiadulasadsiugu
manaluladluanidunisdnuidinsweinsaiedy 4 wuiduresined mwidelusuinan
mslviauaula

Tuiusaideaiu anmememisfumiuiAedesiudingds (Relevance) Foidudnilade
wil el i midngsluyunesosfiFounaui Tnswanis@nwiues World Economic Forum (2023)
szydi3ou Gen Z AesmaiunisidonlssiidaiaussniadenluduSousunsiiluussgndld
TumsausseuLasingse wnluamnsameudon “Goudluilu” WWethaiftoels § Jiseu
nauiifuualtiufiazviausegilanasddusulunsey guIunaLssuganased ildudiAty Todunuil
imumiau‘uaqumﬂmamswmaq Crompton & Burke (2023) finuanudustusidsuinseninenis
fufAsanuf satesend enfuszdunisddiusaulunisidousd (Student engagement)
v03fi3uu Gen Z Tuanwn STEM usnanniiu Tusnesmuues World Economic Forum (2023) tiue
yamedlussiuamaanniBaleuisnasnainussnu luvngil Crompton & Burke (2023) Tivdngnu
Faszdndlusduganiaainanminadeunisisniaie nmsihdedunuaniisansssduafinnsan
Saufuieiveddydiniunisoonuuundngn s nouauosisnNd 89N 15U0IAAIAKTINTULAY
wsegslanigluvesdiseulunouriu it fansfidorinsesdmnuifiddnlunsdnuritnunianis
fumAgtesdinandauuansetuegslssgninau i fdnuadunusisugs
adlnmansUszgndviefland fuanviiiidnwandiuanisuinnii 1wy Imnssugenduiinie
waluladdanim 1usiu

2.1.3 dasrfinvasniaFeunssounuunadulunisneuauasafisou Gen Z

widnsiFeunisasunuud ainluaiaineimansuazmaluladasdonsdingue
Tunmsasengruanudidmnuiuasinuemavaseduios fifing wnuideiifotedinii
Tosrindrdynareusznisi denaligluvunisasudanaaliaiunsanevausanednuae
LarANUAANTIvBIISBUNaN Gen Z lapgnaiisene Aswnunsadwuneaniailu 3 dedniin lawn

1) M3lla1unsnTesfuauLanm1asEnINsuAAaueEtiey (Individual differences)
TuduiSeuruelng nsussensluzuuuy One-size-fits-all vanauindasudosiviuaasa
siu wargluuunsiauailemiieadnufidounnau dailuganunisalfigifouunsdan
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palaviu Tusagiivisdiudindemmeideniieiuly (Miao et al, 2021) wuintgmdanain
yAermsussstulumninemaniuanneluladidsdanusodeadauiongs ndnfe mndiFou
LidlauuAai ugu aruansalunisifoudundad ugsiisosoaduanfagld Sunanseny
ogamanideslaile

2) msvanalndeyatounduiiiunaiuasinuainisswe Ing Zawacki-Richter
et al. (2019) T luvdunvesmaFeuntsaeunuusas faounisauliannsolideyatoundy
mnzyanauAgiseudiuaunliegisiurineg dednfumnumaniwesiiSoundu Gen Z iesnns
nsmavauawiudl arwarilunislideyateunduiliifivsudanlantanisuflonudlafio
A damasianseelalunisiseuanee

3) mﬁﬁ’@umﬁ’ﬂmmﬁﬁm’jLﬂiwﬁﬂguqa (Higher-order thinking skills) & 49134
¥83 Ouyang & Jiao (2021) wur1n15& nwrluaivrineeransuazinalulad uuus iy
fnufufinisvissduarnsussgnildgasvioduneudidmualidromi snndnnsdaaduineg
MsAmdinnsuaznsaassiuinngsy Saduaussausfinanaussanlugaidsiadosnisuiniian
el UNESCO (2023) fimssissudndesinessninainuedivudinanoninermansuasnalul add
fuiinueinegaaminssudesnissinaduiigmissiuiissuunsnvnudaugsliausoudls
I¢ognsiiuszavna dodiamarildaiusnafussadaauieanisunsinyiuagdimuaulsuns
TunnsuaramuuInianasiad osil elmifl amnsanevauesiond ufean1sves13 vug alnsled
og1auvia3e Tneiityaussivg unddunumeildiunuaulauas insfigaindngudsussing
unnignluT A TU NI

2.2 Anamwvaslyguszivglunsenszauanmmsineninemeansuazmalulag

Tushmmssuiirinun Jayasvivgldfigailiifiudessingd A fldduiounfndme]
Tuesfuanside uidumaluladf dunumddngluvainnaieniadu saudenianisdnw
Algsunsnannmaluladfinaned e awd swazdnd anniwd se 9 Tnsmeluauineeans
wazmAluladddilemiidudou deureidiondumnfngs uasdosmsnszuiunaFousiivannuany
Faludmguinaenisui ol dajudnenmuesiyyussiuslunsensedunmnmenunsaneiluan
wianiadlssurnuadlauaedimsfinuideegnan e mavhemudlaludnenmsananegneseusu
Fad uﬁugmﬁﬁmﬁm%miﬁﬂﬁmmwﬂﬁzﬁwﬁuﬂiﬁaﬂﬂaﬁﬂszﬁw%NaLLazaamﬂé’mﬁw‘%wmiﬁﬂm
Tulanealul

2.2.1 uuAnuazUssinnvasdyaussaugiussgndldlunisinen
Hoyausvivsluriumesmsinuaseunqunaumaluladivennvanedadindnnisiany
LLazmiUizqﬂm"I%ﬁLmﬂsmﬁ’uaaﬂiﬂ yonani Ouyang & Jiao (2021) lal@uansouwuIANEwsUNS
JunUszianlygruszavgiunis@neisendu 3 nszuruiadndn laun nszuiuiad

layauszRvgiminidudaeu (Alas-tutor), nszuiuviminidyguseivgviminduniedls

atuayunIzuIunNITsouy (Alas-tool), waznszuiusimuidyguseAugvinnind i ustudqu
lun1si3eus (Al-as-peer) ImmwiazmzmuﬁﬁﬂﬁwmwLLazé’ﬂwmzmﬂéfmauﬁuﬁﬁauﬁmeﬁmﬁ’u
nszUIUTmiLsnYauMswuiu s fvesdaeusessuus Al 1wy nsmeusany mslvideya
Joundu uaznsUszifiuna Tuvasfinssuiuiendi 2 wag 3 Jadunsiaiuusdnsnmnseuiuns

Seuvesdiseulasldunuiunuimvesiaen wenannuu Tudunalulagianiz Chen et al. (2020)

I
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s A

Iimumuauiden i sadesagwud inalulad dygrdseduvg 7ldsunsiiundseyndld
1umiﬁﬂmmnﬁ'qm T un Intelligent tutoring systems (ITS) & Wl uszuvasuiiAusas oy
flusumstiaueiomimunisneuausswesFoulusuuidealml nsUsziananIwis s
(Natural Language Processing: NLP) ﬁsd’sEﬂﬁiwua’lmm?Lﬂi’]3ﬁLLawaU?{uawfamw’muiwé
Isogradusssuni n1siBeudveaaias (Machine learing: ML) Aldlunisiiasisviguuuungingsy
MsiSouuaznensalnadnsnisnisiou sudsnenfiamesisiat (Computer vision) A11anld
TunsUssiliufinwedfualuniemaass dwmsuarvinermansuasimalulaglneanis Zawacki-
Richter et al. (2019) Sﬁya'wﬂagﬁgwﬂizﬁwjiugﬂLLUUGzJaqmaaf']amamumsaf (Simulation)
wazosfiinisiaiiou (Vitual laboratory) finvwddaudufivey Wesandrelsiisouanunsa
naaeafuanunsaifisuneviedifuyugaiunitezdanisldassuresl finsmly ogslsfnm
AnuAInhagaluaulyyUseiugideasnassa (Generative Al Ingiangluwmaniwvwinivg
(Large Language Models: LLMs) @39819:%u ChatGPT wag Gemini WLﬁmﬁmwﬂﬁﬁumi‘l.lizﬁlqﬂmm[fi’f
Jygruseivglunisdnwieg 1wl vedAgy wana1nil Baidoo-Anu & Ansah (2023) a5une9
Generative Al anansavinutiiifugtsdiusvesidoulunsesunsuuAaiidudou nsdadin
TWnoutilansedunisAniiasigst uaznisatvayunsdoussaumsineimans dadnlonta
TAngUuuunsBeuiidameuiasnouaussierudosmaamzyaealdlussiuiilivedululfnnon

2.2.2 msIansiFeuiuvuianizyananedyyussivg

ma%’mmaﬁaui’uwuLa‘wwqﬂﬂaﬁaLﬁwﬁﬂuﬁﬂamwﬁImL@iuﬁqmaaﬂmmmizﬁwﬁ
Tuuunmsfiny Tnsuansfenuansavesszuulunisusuiienn didumadous ssfuauen
wazgUuvumsiausliaenadesiudnwarianzvesiSoulsazausg1ssoi osuaralusld
Falusuideves Crompton & Burke (2023) 5331 msdanisifeuiuuuamzyarasiet yaussivg
fuuand1sannisufunisasulaegasuluassfidddn 1dun 1) u1msdau (Scale) T amunofis
svuudgeuseavgaruisalininiSeus wuuiamsuanauns ieunaty o aunseunula
Tnghianaunmuazausienies Inefissuuazdfumegnaonnaimnadaiifidoulineutuszuy
lilyiitedlurasnaivesnisasuluionfsuvingy 2) maifsuduuuuiuia (Adaptive learning)
FavhauainnsiinsgideyanisnevausseiSousgisiaides lfun anugniesesdiney
nanildlunismey susuudeRawatafiiAndn uazidunanisindluien anduszuvasudy
unun1siFeuivesiioulunaiaidlasededanediufidudeu uenaind Ouyang & Jiao (2021)
$189°31380Y TS A14 Machine learning anansanennsalandidiSouszuszauaueinaiun
Tudemdnluldnoud JymiasiAnd uass wasdiunagns nnsinaued enndedastuld
pg 198U ANSAmN

dmiuluviunvesaviingimaniuazmaluladlagianie seuunsiseusLuulium
ffoddudufimuioniniasaiademiifiddudunesanudediogs suvamnsassydesiis
Arufiamzan (Knowledge gap) v0sfiFounas dnduneniadoudiuudounduiieituaineiugu
oufifisouardaminluguunfndugaiely dauandrsanduiiouuudafuiifiZounnau
aosiminlunTeuduludnsiavilaglidamdeisnnunsasuvesusazynna (Miao et al,, 2021)
NN N3R89 Holmes et al. (2022) FmuinszuumsFeuiuuuuiusiooniuuindiviu
191 STEM anansaifinszdumsiidiusinvesiiSounazansnsinisesnnansiuluividauenngs
TaeenslidudAgynisedia

I
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¢ v =

2.2.3 nMsAnszidayadiseuieaiuayunisindulavasdaou

Y
a

N153ATIeRTayalLTou (Learning analytics) manefiean13in Wiusausau Jasien
uazssudoyaisafufieunazuiunnisifoud e lawasiinyszdnsamussnszuaunis
Soug (Siemens, 2013 819fslu Zawacki-Richter et al,, 2019) lugafin1si3sunisaoufdnaasng
fogasuaunmaatiuan Leaming Analytics Judunauaddyiasudoyafuimdniulvinaedu
Toyaidedn (nsight) A aeuamnsatlldlunsdaduladansaeulaeindngruatvayulds
Uszdnd Femudrdnyues Learning Analytics TuuSunmsiinuninermansuazimaluladfudud
Usdnddalunanefii uonanil Crompton & Burke (2023) o5unerinssuunisiemeitoyadi3oud
Tuindeusedyn Usshvsansnssydiseuiiiamudssionisaeuldkuvioannanafuldmau
SPHZUSNTUVBINIANITANY Ingo AN ANTIUNITSEUS LU awdlunisiddents
Feou nanfildfuuuuiindn wazgunuunaneudau Sedeyamanidielifaoumusounsnussuay
IWaruvemd ol og 1997 un 2997 (Early intervention) n'au# Jgymiazazauauein
sion1suily 8nits Chen et al. (2020) SsdliiuinmsiinseideyadiFouauisasnseduamnin
nsaeuluarIngrmanswazmaluladlalussduumnain nafe wenaNNIITIELTEUTIBYAAR
WA7 UByalTe5u (Aggregate data) fmﬂizU‘Ué’qmmaaazﬁau‘[ﬁlﬁu’i’]L.Luaﬁ@imﬁsgﬁaumuimyj
fadlafia Aanssunisieusledidusvaninageiian uazqalalundngasiinasladsunisusuuss
Faduteyaiifiquaregnedsdmunmanaumdngnslussozen luwidnsnseidoyadiiou
Fadurdeaflodenlosmsuiudginmsaoulussiuyanatumsiannssuumsanuilusefuanitu
Wnmeiueg1alivniing

Sntsnsldnsrurunisienegsidoyadifoulildnaogauiaiedudosnisunny
nsfifeyaifisaviniu uidesnsnnuaseniindynsdoya (Data literacy) wasg@evlunisgu fiaau
wazieyaluldegigndes Miao et al. (2021) tauainan1dun1sAnwiaisiiauiszuvatuayuy
felifaouannsainfuazaunmsinrgiteyavesyiSouldlaghisndudediaudoangy
Wanaiags Lﬁ@iﬁ’ﬁ'ﬂsmwmaq{]@mﬂﬂizawﬁﬁummmf’haLsi’hajﬂszmumuﬂﬁammmmiﬂﬁﬂ’a
msaouTidldoganinenededy

2.2.4 nadugivaenslitiygrussivglunsGeunisaauinendansuazinalulad

ndng1uldsUsed il azanunluvranassud iiuanagsiounini Aeud1adaiauy
A atusedniuavesnsldtygruseAvslunisiSounisasuinemians uazinalulad
Tnon153iasnesiefin1utes Crompton & Burke (2023) finsounquaiuddosiuau 138 fu lugaed
A.fl. 2010-2021 wuinslidyanuseAuglunisdinnisSounisaeu STEM dsaleuinsonadugms
mensiFeulunms Ineflvunanadns (Effect size) oglluszdutunansisge uazdanuaiiase
TunaneusunuarseiunsAne il ﬂizmumi@ﬁLﬁumﬂumuﬁ{]’aéﬁ’aﬂdmﬂizﬂauéﬁ’aEJmiian’m
LLavﬂmﬂiaamm%amﬂﬁmﬁuaummmwum 1eiun ERIC, Scopus wag Web of Science Imﬂ,mﬂmsm
nsfndeniinseunguiisseiunsfinu Ussinmvesvalulad Yo useivg ity uasiai ¥n
nadugusN1INsSeuiTalaese Mnfuahdunanaanuifusaziunussinanasiusaadn
fst N (Weighted effect size) iflornunnmsuUsUTIUTDIILANANF1081Y TaviliansTiasest
fiarnindeiiolussduilfeanedmsunailvlddndadalons dwsuluiuvesmuiviamedn
NaN1IANEIY99 Chen et al. (2020) 571891UI1A5ETSEUUNNTAR USRS BE (Intelligent tutormg
systems: ITS) TunN15L38UN1I5a0UANAFIANT UAS Waﬂaimaamqwﬁmmﬂ’mmiaamwumaLmJ
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ogailfoddny nslanglunguiiFouiidnanaiFoueglusziunats Fainidunguildsulselov
tfofigaainnsasuiuuusIeeiieenuuuindmiudioulassin nszuiunsddunslunisinm
FananldsuiuunsmaaeaLuUguiingualuau (Randomized controlled trial: RCT) Inglvinga
naaesldiFoudinuszuy ITs Avsuidomuaraidunisiouslnesaludfaunanisnevauoses
F3ouluusagdunon vuefinguaiuauld funsaeulusunuutuisuuniangasuauioady
Tngldsvaznamsnaaeniung 16 dnineuinrasowuunnaeuianadugrsfinunsasiadey
Anumssuazadesiuud nansidedalananindedelussduguiesanannsamuauiuys
wsndeuldognaduszuu edrslsin desinddyuesmiddedfonsiudunsluanimuindon
fifinnsauauas Fsentliasiiounududouresnisiiszuy ms lWldasdludueufiddedin
Frulaseadei ugrunaznineinsi uand iy luiusafeadu n13d@nu1res Baidoo-Anu
& Ansah (2023) Wu31n15149 Generative Al LuLad ssdoauayuninisouluaivninermans
Fagifinanuansalunmsdeueiurgiuifnminermans (Scientific writing) waznnsARLATIEY
B3Ny (Critical thinking) vesfiSeulsedsivedfyloiuss uiisuiunguaiug nszuIuns
fudunslusuidedaseuaqunisoenuuufanssunisfousLuy Prompt-based leaming
FarvualifiSoulungumaasdessramanuuazlineufussuu Generative Al liteedurauuidn
yaingrmansfidudou mndudaourimiiin saseuanugndesveaieviuagnagduligiSou
Ussiiugunmuazauindedevesadniildsunnszuy Al Emadinanliifesduaiunadunnd
19015158 wASWautaven1sUsTI uaIsawne (Information literacy) @ sdorduaussaus
fisudulugaddsia WolTeuiflsuiuanuidoves Chen et al. (2020) wudnsia 2 suideaiuayy
Ussdnsnaveslyauseavgluiianiaufediu LLG]ILLG]ﬂGl'NﬁuluLL\‘f“UENﬂ§$U’Mﬂ’ﬁLgﬂuiﬁj\i\iLﬁ‘u
na1Ae 91u3TB1049 Chen et al. (2020) wiun1sufuil avudusisyaran1uszuudnluld
Tunnuedl Baidoo-Anu & Ansah (2023) WiunsimuiinugnsAndugainunsldmeudaisassaiu
Al §992#09491ABN1500NUUUAINTTUUALUNUMYBI Ao uT Lans1siusonlUeg 19l Ay
usnanadgMEanssulundvesnmiuasrinuzidy Jyaruseivididmadaindeduys
é’wu%m‘imqﬂmﬁﬁuifﬁﬁﬂﬁm 1m8 Ouyang & Jiao (2021) Wudﬂé’ﬁauﬁL§8uﬁaaizuuﬂmmﬂﬂigaw§ﬁ
seauusegelalunsSey (Motivation) Mssuianuanunsavenues (Self-efficacy) wagnisildusuly
n15138u3 (Engagement) qﬂﬂ’hmjuﬁﬁauuw&Lﬁmaemaﬁ%ama NIZUIUNITANTUNITIUIUITY
fand1nodensdrnamsuuuinunsguiiiiunsasseuaunsadelassaiig (Construct
validity) 37uAUN1531AT1Y Muuwﬂwqmmammﬂmwusvw (System log analysis) L‘wamimaau
AADnAdDITENIInsTuves Foutunginsaunisdouifiintuas wansinudingiFeu
flssudeyatoundusiuiinazseiiosainszuy AImLLquwavmummuammua £AULIAT
‘Lumﬁnﬁauauan%maaumammammumJ Faoradeidunaszezemiddgsenisiaiuainaiddy
SnMsiseusnaenTin (Lifelong learning) Tuanuninemansuazivnalulad

usnantiu Asddnidesnszmindnusemmileffe UszAnnavesdyausvivglu
msfnulildiAedulnesaludd uituegfutiadoidanssuiunmanatsysens Tdun annmveans
PONKUUIFUULANITYTANMIAUTIQUIEaIAn1sSEu; Anuaunsavesaeuluniseaniuuianssy
4 Al pgafitivneg uazuumvesaniunmsdnuvisludlassadsiugiuuasuloviatuayy
Holmes et al. (2022) ifugiuadnsinfianannsldtyaiussanglunsfnuninermansuas
mﬂiuiaﬁﬁﬂLﬁmﬁﬁmﬁaﬂmmmizﬁwﬁﬁmﬁwﬁLa%uLLazﬁumammmmmﬂmﬁaau lalgnsvaunu

a

Ao lnenseuiunsaniiun1siduseansuassdsenausmgaudunoudAy laun JuusnAenisi
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HaourmuninguzasdniSeudiareenuuuionssudl Al andiunaduayu dufiaesfonisitssuy
Al fdiunsuiuiden famuna warlideyatounduidsyanauiditoulnesnluf® wasdudia
Aensiigasutihdeyaasuainszuu Al uldlunisnsumunisasunazlinisgualdsdnuniiFou
fifoansmnutismdodfindy nisviumsautuneudnanasfouliifuinisiaunanssous

AdviavesdaeulunisesnwuukasysannstyyussAvgidgnszviunsaewd uladefianalile
dwsunsindyavseivgunldlunisfnwiegeiiusydnSuauasdsgu

23 usssuvamsllayaussivgluusunmsing

LLﬁ'jwﬂzgigmizawi%ﬁﬁﬂaquﬂumiaﬂizﬁuqmmwmﬁﬁﬂmﬁqﬁlﬁﬂénﬁﬂuﬁ's%’aﬁawﬁ’]
winsthmaluladdsnaunldluuiunnsfinunlneusimnnseunisiansandiutsesssufiseuneu
onaneliiAnnansynudsauiidudeulazdmaszozosediSou andunisinu uazdanslaesan
Holmes et al. (2022) l#naniranunsgiosesulunshdgauseiusunldluns@nuniifiutu
ogenanlutaeiiiiundu dhduduludsmiidinimstaunseutssssaunaznalnfifugua
f5ulu Feadremmudssitlionauesinaly mevieudilassiuduasesssumaniogedead
Jadudeulvdrdgivalilddmivnnihidyyussiviunldlunsdnwedelianuiviaveu
wazdady “a

2.3.1 anulududiuazanulasasisvastoyadise

syvudyussAvgnianisdnuidesendedeyadiuiunmenaid saduisou
Tunevhan lidesdunanisdeu nginssunadrdaidon suuuumansuaussdedan Tuauds
foyadiuyarauazusaisioyatnnw iwu msaadilunilussuunnageuresnisasy eududy
Tumaiivnunudeyamaniainnuinaduognd wisasvansluanudududveiSou
TnsamzdiFoudidugionideoraliamsalianudusenlddefideyailiiifoane (Informed
consent) 881911339 (Miao et al., 2021) Tag Williamson & Hogan (2020) %liﬁl,ﬁudﬂﬁffmgaﬁﬁau
ﬁlgﬂLﬁ‘Ui’;‘uia:uimﬂizuuﬂmmwﬂizﬁwﬁﬁﬂlwaL%ucimu‘%@’mmiuiaﬁwmu Fafinauselov]
yan1sdnfienadaudafunausylovigeanuesifou nsfivssvensumdriiensotuariine
foyangAnssunisFoudvesfifoudnnunnielffnmudsmatsysznis dlusivesnisindeya
UldieTnquszasdduilillduanudusen nsiinnisasiiindeya (Data breach) wagnsasnann
Framsvesi3ouiionsdmasiolomaludinewianvesiSouls 1wy mssuthdnwivdenisineny
audsavaniviarusuusedulusiunvesavninermansuazmalulad daiFousnldneud
iwua%ﬁaiummﬁLLazmmﬁﬂﬁqmdﬂmm?ﬁu q wonantu Holmes et al. (2022) 8l5euuzii
TaadumsAnwmsiiudnns “anududiudilagniseenuuu (Privacy by desien)” a1ldlunns
04 ouasWauisvuud grUseAusnienisd@ne nanafe nisAuasesadtud uauin
Faagnilasaudiluluanitnenssuvesssuudaudd uneuniseanuuy luldnisiuduniends
mugrunsimuaulouieidaauisiiulssanvesdeyaiifusiusy ssognailunsdaiy
wazyaaafiiavsidie Snts UNESCO (2023) datiugrisauddyrosnisiingraneduesesdoya
druyanan1ensdnwifiiuaiouazivseaniua lnslangluuiunvosuseinad indewaun
anseungrnglusuissoglussmienieiam
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2.3.2 anaindisunaznisidnnanalulagUsyyruseavglunisinen

Uszidiusnuanuminisudedunisuanuviimesuaiessuidudeunarddyian
Tunshdggvssivinliluns@nw desandanundssgeimaluladdinanazveisvesing
yansAnwifided fuunuiiaztasanas Miao et al. (2021) o5u1871ALIMA DRA luNTIE T
HyaussAngmenmsinsunnglunaneseiu fusssiulassadaiugu wu nmsddsdumedida
ANNSIEaraUNIalATTa Tuaudsseduanivu wu aruamsaniinisiulunisdanissuy
Hayasrivginaas uarssduyana 1wy Tnueddtavesiounasdaou Snvemeauves World
Economic Forum (2023) 5¢y31 witlgyadszAvgnianisfnwazfidnonmlunisidues esile
a¥umnuanenia Taglargsiunmsdanisiouduvuiemzyanaitieligiouiieg fundsaansa
muviudteuls wiluranduate seuudggussAugitinaunimgsinnszanmegluanitunisinu
fifminensgs vaeillsadounazaminedeluiiuividlnaviodoslomadsasuauaauiilassadie

e

fugukazaulszunalunisiinalulagivalunld nadnsiiauunAsanumaouaIn1an1sAne
A 1 a v vy X a ¢ 1 oA = =t
nieginenagnuenslinisvulugaveslassivg venantu Jeymenuwiniiendnusenisnds

b

Ap AUeudeenisayludanaiiiu (Algorithmic bias) ¥4 Williamson & Hogan (2020) a%msm
ssuulggs wwaﬂ?]ﬂclummamawamauaﬂmmammmmaLmJ U AR DL LI
B viowdumedeon sraadrnmeudedunssuaunsUssdunanisntmensalnants
SeuvesiiFou Megrau msldnussuuiifinnideyadeundsainngulszansilivainvane
lun1swennsalanuideddunisesnnaisduenaassendiseiseuainnguiiseglonialaglunls
= o ] v a a amM o’ v

Falugmsdnduladensaeunliilusssula

23.3 m’mLﬁﬂaLLazwansszdamsﬁmmmwﬁﬂﬁuaaQ’L’%ﬂumnmiﬁawqmdu‘laﬁ

vinunarsaunerenlunisirtggivssavsunldluaudiunisfines Ussiau
ffngnuestuunfinnuddgyedisdsdenansgnuvesmsianunaluladuinifulusensimun
mmmmaﬂumiﬁmLLazmiL‘%auiﬁLLﬁﬁwmQ’ﬁau Baidoo-Anu & Ansah (2023) fanauddayin
Lﬁaﬁiﬁﬂummmﬁqwﬁz‘uuﬁzgmﬂﬂizﬁwﬁiumiﬁumﬁmEJU ﬁiqﬂL‘l‘jJ@Vi’] NI OULLALTIUTIBU
#lngd1e nszurunnTHediuaueInguInIeALAa (Productive struggle) @ 1innisfinen
Mﬁ?ﬂ‘l/iﬂutu@fl’i’]Lﬁuﬁﬂf\]ﬁﬂﬁ@%@ﬁmiﬁﬂuiﬁﬁﬂs‘gﬂﬁwLﬁﬂ%ﬂﬁ@fﬁﬂli Tnsaruinnival dwadiy
dousunvesanvInermansuazinalulad den1swauninuenisuddaniddinsesidosends
nsiindusgsaifiotaznsndyiuanududouvesdymiienaues Ouyang & Jiao (2021) wand
ThduImsldtygruseivgeddlisesinse el suinnnddomsiemniaiesiionnnninnis
WAUIALAINITOTUNIIANAIEAULDS mmmamamamswmmmwwmuqﬂuizaum LU N5AR
WANINE NMIFUATIENTRYA LarNTaseassANInnTTY

uena Nt Ussiiudesnudedndnsivinig (Academic integrity) Sodunanuvitnie
fanunisfnuiilanmaundyegius ey I@mL@Wﬁwé’qmiLﬁWﬁW@ﬁﬁgﬁywizﬁwﬁUizmw
a¥19a55A 7 arunsandni onnldeg19und oie Tae Holmes et al. (2022) wanaldiFiuda
mmsmLLazidemamuﬁﬂiﬁaua%’wfuLaaﬁumaqwuﬁ'ﬁmmﬁﬂszﬁwiﬂiaaa%’mﬂmmﬂuﬁ'aa
fivlderntuden 9 wazandunmsanvdnlngdilifvlevefidmaulunsuileruanuiinied
mmaguLAiafananasanuduautazanaliifussaseiFouiineromyinausgnules
otstedng warluvnefanoratuneunndvessadnsmansdnuilag sy

Ugyarsedvglunmsanyrnemansuszmalulad.. (alsy wamw ads 196939 uazlnsuns Ingaunsizs) 11




NIATINeaniszynduazuinnssy U 1 alun 1 wunsaw - Sguieu 2569 (UNANLLEYA 26103)

2.3.4 yuaufuRuaznsaulsesssudmiunsidlayiusehvglunisine

W 0RBUALDIABANTINIBAUTITTINA NG 11T 19U B9ANTTENINUTEINA
waztindginisang q IauensoukumsUUad admsunslddygruseAvsludunsdnu
p13dANTUdATaU Tae UNESCO (2023) lannuandnnisdifey 4 Usen1saimsuniswmun
waznslaUgya1Uszavgnianisdne laun anulussla anusuiegeu Auliidenyjus
wagnslvuyudiduaudnarwesnisindula Famnanuinsdadulafidmadedinuazouan
Yo L3uuazdeslignuevmnglissuutdygivseivgiduddndulaunmiiesd ifealagusiaain
N13AIUANATIADUVBINYEE Lag Miao et al. (2021) tauansaunismiugualyyiuseavgnig
nMsfnufidanuansanseuaqu 3 seRuiidenlosiu 1) sedvuleuts Fefguiauasviieay
iR rdesdeuiauinguineazinnsgui annsodandiduldldeaiafvafunsdanisteya
o LlTou A1UlUTIlavesdanes iy TINNAUTURAYO UV WA T8 UU 2) seauandu

a

= 1Y) = v ° Ao N Y] v v = =
Faan1dun1sfnwsesivuauleuienglundaauneliunslddyyiusshvgluieaseu souda
JnliilinauznITuN1593 855NN YT Ussiliukazasavaeunisidimaluladivaiteggadians
LAz 3) SEAUNDUT B %aﬁaauﬁaqlé’%’umﬁﬁ’@umﬁ’ﬂwﬂum3168’{]mmwﬂisﬁwﬁaﬁwﬁﬁaﬁﬁm
LLaummmaauimLiauwﬂwamﬂmLLaummm&m%aLquIaammuma
UONNTU aqmﬂmwﬂiawiaﬁﬁmmmum’mnuﬂamsauamwwmmawuw
Tunszurunis@nunlaanmnsagaunuiile Holmes et al. (2022) aguindyaussiugaslaiu
n1suesInduaieaflenaerednainuainisavesuywd lulydsnaunuuyvd waznisdndule
AUNIANINTLNUAIAYNI9938555U 19U N1sUTzIlUNE NTIEATLUZUIAIUDITN wazNITAAAY
nsdlazdinive wdetegnieldnisguaiazinduvasuywdiaue ludnasinsinlygiuseivg
watuayuluszaulainu uona1ndl Williamson & Hogan (2020) duiuginnisasiedimusssunis
& o ! A a a |y % Y a o = A oA & a
Aaranudemaluladiddnndluvgdiseu gaeu uazdusmsanidunisdne feduReulyiugiud
dfgyngadmsunslilayuseavglunisfinyegiliasesssuwasiinnusuiavousedinulusses
dhe!
24 aussourfdnavewdeulugrladsdunfoumsuasuiuaaiemia
Naa v = b4 o 2 & 1 o <

nsilygusshvguazmalulagfdvaunldlunisfinuiliuszauanudusatulienadnse
Iiessen1sdaniasesdlowaslassaiisiugiuivivady wnuwituegfuaiuaiunsavess@auy
Tunrsdwmelulagwmavuluysanisididunssuiunisissunisasula egeiusednsua

= | a o a aa o o &

wardynysnenidaiau lag Redecker (2017) de1uaussausadviaved@euinduaiiualns
Tunsldimalulad Adviaeg19a319a55A wazd I 9150 LW BUNTETAUNITINIUNUNITADUY
MIIANISEU; MsUselluna wagnsiauIvdnvawmuleted wdeilios luusunvasisiisundas
WBeAdaiind uag19amialudag i aussausAdiavesyaoudinate Juduusddey
fimuuaIszuunIsAnwazainisaldusslevdaindnanimvesdgyyiussavglauindesiiissds
LaATNANLABIAUAEA UL TINTLAB B lARE LS

2.4.1 nsauu,mﬁﬂamsﬂwaﬁﬁaém%'u;:iaau"luﬂmswﬁ 21
Tutanasswi MU e9AnssznIeUszimaLazinivinisvalsna uldwaun
ﬂiauLLmﬁ@ﬁLﬁuizwﬁm%’umiﬁmmLLazﬁ“mamsauzﬁ%ﬁaﬁuaaﬁaau nsauwnAnTIlaSun1staNsy
Lars1adng1aninsvnsfigalusedvuiunud 1dun nsevanssauzAdvadmiudnnis@nw
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ﬁuaqawquiiﬂ (European Digital Competence Framework for Educators #3® DigComp-Edu)
fiitanlng Redecker (2017) Ssduunaussauzidviavestaousenidu 6 sundn 1¥ud 1) msildusau
TunsiFoufifalvnTnnutemaddna 2) msdamuazairsassddonaznineinsdaa 3) n1sdn
mMsiFsunsasunaznsimamemalulad 4) msvssdunaiduiedoudedeya 5) n1sdaaiu
aussnuzAdiavesfiiou uay 6) n3vonuUUMSITBuSineuaussianuaINaBYesITou
Frewmelulad audidu wenuieannsau Diglomp-Edu wda nseuwiAndndnuasnilsiilanisy
TuuFunvesnisysaunnsmalulagiunisasy Aensau Technological Pedagogical Content
Knowledge (TPACK) fisfnunlag Mishra & Koehler (2006) wagssasinuildaufislagiu Taonsouild

a

nsiaueiNsaeunlusednsnanismalulagdesondeaiiug 3 auiysaunisiu lawn A

AUenIIYT ANIAIUITaRU azAuIIumalulad TneUsyanSuageanisinaduilenaau

[ £
1% =

AUNTaRANNEIUAININS 3 AuilliegisasitluuSunanizveanisaeu Mishra (2019) lausuds
nseuiliituadstulasifiufifvestyaussAngiinlubudiunioesamnuidumaluladiifaoy
Tuenagsud 21 daadl e?fqazﬁauﬁqmmﬂﬁéuuﬂawmqﬁﬁﬁﬁmﬂiuiaﬁmqmsﬁﬂmﬁLﬁmﬁu
TutasldAtTiusn

won N U UNESCO (2022) galameunsnyevaussausdaygruseavgdiniung
(Al Competency Framework for Teachers) s?fqmmamzuﬁqammuzLawwﬁsiaauﬁf’nﬂuﬁaaﬁ
Tugadityauseivgidrandunumluduiow asevegudausanudlatugudersunsiny
vty Useing maUseduuagidenldingosiletygiuseivg mens@nuwiegaiinnsaug i
naenaufinsaeulgiseulityguseAvgegeliasesssunasiussaning TnefinsouuwiAnmant

&9
aa o 4 =

Juiugrugiglidinsiuunaussougiuidviavesiaeuiiiadidaauwazaiunsainanuinm
Ifagrauszuy

2.4.2 Fa3i9aussaushidviavasfaauluavninermansuazmalulag

wingaeuluanvinenmansuasimalulaginlasunisuesiianuduasiumalulad
snniasuluandu useuidedifsadedliiduinanuamisolunisldmaluladdius
(Personal technology usage) tuunnsnsagafifsddganaruamsalunisysanmamalulad
WAUNTaUeE1siUTEaNSNa (Pedagogical technology integration) Ineauldeuss Tondeur et
al. (2020) 0195189143 5E15298 douluanvy STEM TunanegUseinedn wiy aoudulng
wzivinvznisldineluladlussdui ugufeuiunans wifliifesdrudesdianunsaeenuuuianssy
nsFeuiildinaluledludnuusiidaaiunisAnd ugeueafiouldograuiadse odrslsinm
Yo37sausTausAdvadi nuyesiqaalunauasuinenmansuazimaluladaiuisasiuun
T 3 Ussmsvdn lawn 1) sziaﬂdwé’mmmﬁlﬁmﬁuﬂm@nﬂ%%ﬁ Fanadnsaneuideves Miao
et al. (2021) Wmﬁw:mua'wlmy'EJ”Wmmmm”ﬂﬁ]ﬁL‘ﬁmwaLﬁ'mﬂvuwa”ﬂmw"wmu
ol UseAugnIanNIsAnyl Yedninvaunalulag LaTA21ULE BT 019 T wan ey
2) FesinadurinugnsoonuuuNsEeusiiysanmsmalulad §a Redecker (2017) euneinduinuy
fidudeunazdesnianisinduluviunads lawnsowmunldannisevsud maui vty
LAy 3) ¥934719A1UTH5IINADIA 7 Holmes et al. (2022) agstouliiiudn@sudiuiunin
FelifinsounnuAeiifisanelunsinnsanuasdoasussiiuiuaiessauvenislddyyuseivg

U Y a

AUNLIYU

Y
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falunindu msdnenisewes Crompton & Burke (2023) Tlkifiuindesinaussaus
favavosaeudidnwneiTa3u (Generational dimension) Adatau Taifasusuiinfiidigivdn
rougaRdvasindvesinaussousnaningaousulval vasidaeusulnifndvinuennsliiaiesdlo
AdvtaiiAniusvaUszaunmsainensae uisududmiunsysanniseluladegsilusyavsua
Auana 194 I udnswauanssouzditavesfaeusuiudoseanuuulnouauss
souFsIn LA TuresaeuluLiar s ouas seiuUsEaUNT]

2.4.3 wuAnaAzsUMUUN SRR SaULATTave dauiiuszAVEHa
pdngruduszdndnauiteludieiihuandlifuessdamuinmstauausous
Advavesfasuiiuszauaudisafidnuasfiunndannguiuunssusuuuudainogaidedidy
A8 Tondeur et al. (2020) a5U91nM50UMILaLITo91 JULVUMSHANATUsEAnSnagegn

A

fanvauesiudu 5 Usents laun 1) n1s@eulesiuuTunnisaouaiavessaau 2) n1sinufus

TutuSsumugiumsagiioudn 3) madoufuvuindlelumiiieusndnidn ) msldsunisiive
uazmsatuayuegsioides wag 5) mafmuadmnensiannfenziazauaziald Feguuuy
fildsunsBuduiniiuszansnagduuiunvesaviinemansuazinaluladlneianis fio W
FrdAnditiunisvhausiuduegiaduszuy (Professional learing community: PLC) #ildinalulad
Adadudenans Tag Miao et al. (2021) wudndledaeuluamvideasudiiuilunisuaniudeu
Uszaunisal naaeddiniesilodogussiussiudtu uavasvoudniAedunadnsiiAatuluduiseou
Yesmuieteg Al LaLe MsTaLNaLTsauEAdTaRaTulMSInTasd Buninisdhsauniseusy
sypgduiinianisfamy suuuudananianuaenndostundnninisudvesaoulugiugylvg
AdeansiiurnudenlossenindiiSoutunuivhasessinay

NN MaRAnaNTInuEATTavesaoulugeastiygUsERugiiroanisiilu
Ainseumswauuuusadudldannsaliaudifyiiome liud aswauineensussiiu
\3osilotlyn1UseRusegeaiin sy mmmmsalumiaaﬂLL‘U‘U%ﬂiimmiﬁauiﬁwammu
nslilaausEAvgiumsiauinvensinvesisoulunanieddu wazaduainsalunisesung
liiseudnladednin anudes wardiinnsaiessauvestyausdusliogrumneaniusedu
199 \5ou Sntanan13AnwI999 Baidoo-Anu & Ansah (2023) L Laued1 an1tunisfnw
arseonuuulusunsuiauasui 1y asuldvaaoslddygyrusedvglugiugd 1S ounou

ialiinanudlalisUszaunsainavilugnisesnwuumsiseunisaeunilnun mlaog1aurase

2.4.4 ynumvasantunsfnuuazuleunslunisdaaiuanssauzadiavasgaoy

msaunanssaurAdiavesyaeuduninuivinveuilienavaesliiiug os
vosnuAnTEuduyaraity widesnsnsatiuayudssruuananiunsfnywasulous
npSgfieanuuuinegsseunpuLariiusAafivaiau Tas UNESCO (2022) wiughinanidunisfinu
Fosadaanmiandonesdnsiiiienyudeniafousuaznismanssutnnssuvesaou dmaeds
N133RaITIAUAENINEINTAMTUNITHRINIVIAN n1saseszuunsendaaylnssiaunasy
fEdunsysannanelulafludutou wernmsaiainussuesdnsfivesaufianainainnsvaaes
Adlmidudiunilesnszuiunisdeud flddsiiavanies uenaintu Tussduvesuloune world
Economic Forum (2023) tauaindguiamsivualiaussousadnadudiunisvesunnssivdn
AguwazinaeinsselusygmUsEneUInAN eaaussgsladessuuliaouimunanssousfanan
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9g19aLilad MIVATUNITERNLULUNENgAINISHARATIUan I TUaALAN YINYTUINTaNTTOULATVA
wWludiunilawesnsseuindn ldlvivdenasuiifiseuagnindedls Yeaenndeaiudodus
Y99 Miao et al. (2021) Muugthliseineasng o MawgnsmansseaunRdmiumstiauaussoue

Adavess asun did1vu1ednian SuUTEuIui LT gane waznalnn1sAnnuyssiduna

I~

ndugusisu

otdlsfn Adhdgiifuimsanufnudesmszminlunsivumdeuiglufudsnan
AeAlunaInatgvesuiunanivulazsuiunyanavess asu lag Tondeur et al. (2020)
Ipldaraueinulevisuuuiieifiudgmiunnau (One-size-fits-all policy) lumsiaunaussausAdava
fnlaiussauamafiagls wzdaouliseiuaussauziEudu AN uazuTUIMsaRLTLANG 9L
g 1sfitfoddny daulouieidussansnadadesoenuuulidnnuiavguismoriaznovaues
sonnuuanamaild nefmumnasgiudushidaauluseduni widaiuilfaotusasdaeu
uiazAuamsatmuAd NI TN zaufuuunvesnuesld deniseenuuuulouns
TudnwariazdaelinsdaaiuaussousAdvavosaouind uldogeiads by uazinlug
mMsasuulasiuviesslununmmsSeunsaetingemaniuazmaluladluiign

dieadrsmnudladostuinfuanuwnniaddasadaseniinisianinioy
MSABULUUALAY (Traditional education) wagmsdnmaiiounisaeufituiadousedyUsehug
(Al-Driven education) MINUNIUITTUNTTNT19AULFIINE MsdanTIzinsauuLaIAnf S1uun
Fnwnrdrdguesnisdaninieunisaeusis 2 sUsuveanidu 4 Tfndn ldun JUsuunIsaoy
msUszfiune madifminens uasmsimuinusvesiou Vsl nseuwuAadandiagiiou
ituhesiaoudsnsiunumddylusugiulsdeulssseniunisiamaiounisasuia 2 sUsuy
fanan wansldfanmdi 2

Al: auraauavmsfAaviaudnamaasuazinalulad

msAnvILUULaL (Traditional) nisAnvINUUIAZoUAD® Al (Al-Driven)

2
wiakuyaldsd
GiiakdednuiunnaAu

=
4 msisgulawizuana

S )
« Al Usuliamuaznnuiscmu
0 wadnssugSsuuuuSsalnyg

L nsuWaat VQ swanuf
© /L dGevldpawnufums = © VY 2L Als:yderawanaua:
: 9 osyawatastkA st NHEU\)U)"UO\)‘.AI ' asunefmnaulanui
aansissus
[* nswwaiome ~ 9 s:uuIdiousigavKiN
< Uaxnswwaloifia Al Hres=yiGnRduusliy
s Usywiudd v:asuanldnauaneiull
e GAnEBYaY n§n:n=:%aé1'9t9n!{1_qlulﬁ c Kovudutaiioudsy
’ A msnaaaviduasIeKsa {mu ks ”%‘%’Kin",‘“f”la”a"% ¥ geumusarmsnoaoon
7 9\ ds1aavrildenn HMLELBEMISIOAl Ot LDSHESSY ‘7 dunsigksalisimavdnld
° ua:i3msua 5o ¢
A NotebookLM

s

ANA 2 MIUTEUABUNITIAN ST EUNTABURUUAURNAUNTIANITS suNsaeun I Ugyausehivg
Wuedesdloluanuninemansuavinalulad
(#nn : 9799997N91U39809 Crompton & Burke, 2023; Holmes et al., 2022; Ouyang & Jiao, 2021)
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3. N159ATITILAZENUSIENA
AINNITNUNIULAEFILATIENITIUNTTUN LD 8T DT M UUTLNARAEH1IUTLNA WAT bo
PnunANIvIMsianinsadnseileveenidu 4 Ussinundn ¢ lneliseazidunnmaludl

3.1 anudAgsanIseBnLUUNSANYENYIINEAmEnswazmalulag
naInNIsduATIzssunssululssunnefudnvaensissudvediseu Gen Z wui
Hissunquildidnadnvaliamziiadsniuliaenndesegraluszuuseninadaifisoudoanis

'
a

AudainsAinwwuuasfuaiisaneulild #an1sduaTendEiSeu Gen Z ddnvaesiuiu
4 YszmsndidedAgroanisdnnisissunisaauaivningimansiazinalulad laun 1) anufenis

[

Toyadounduiisaniiinazionzianzas 2) anmaanisouszaunsalnsieuAusuliimng
fuawes 3) Anudesmaiuarudenlsssriadomsuuiundineieeswdnia uag 4) wualiy
TunsiSouivesiSsunuvasdoUjvAn1ud oA §au1nni1n5UANTHIUNNTUTIOIBUUULAY
(Seemiller & Grace, 2018; Schwieger & Ladwig, 2018; McKinsey & Zivkovi¢, 2025) Fanan1side
fananaonndestutedunures Crompton & Burke (2023) finuingi3sunguilluansn STEM wan
Naé’mqm‘émamiﬁauﬁqﬁua&mLﬁﬂé’ﬁi’f@Lﬁ]uLﬁaiéf'%’umif\“fmmﬁﬁauiﬁmammuswdwiwéﬁmym
namunsaisssiumalulaidradaliney desimerissnindnuasveBoutusuuuy
nsaeunvud i ululyifesauunned1slud1uainuvevdiuyana ueidulade
BelassaisidawalnonseieUssansuavesnsiieuiluarviinermansuazimalulad dodday
Y9anan13i Tl Aonsduduiinisusugluuunisasulasnuiudnvarresifou Gen Z

Tdlamadon wilduanudndudansfinuifiiugiuannndngudssydndedsdaau

3.2 AnamwvaslyguszsivglumsSeunisdeuaunivensansuazsmalulad

nan1sdaasiziassunssululssmudnonnvesdygruszivgaziouliiiudn
i‘]zy}zyﬂﬂszﬁwﬁﬁmmmmmiummauaumGiaﬁﬁaﬁﬁﬁmaqmiaamww‘%Lanﬂu 3 AANaN NaAL
1) fo1indunuansalunsinnsssusuuuianizyana (Personalized learning) 189910
msauLUURNALTifaeuvisaudesiuRinreudiiousiuiumnnndousuriliumuliassosenuuy
o dduniadeud wezanuiilunsaeuliaenndesiuanudosniawasszdunuainn
vosgSouusiazaulfogisuiads 2) dedrindunslideyatiounduiiviuviaeit iiesainnszuiuns
prvvsnidiusardsiunanulussuunsfnuuuudadudnldinau dwalvdSoulildsudeya
Asndudmiunisusulsanmaisouiimnzan uaz 3) fesrdndunsiinseideyargiFou
iWeatvayunisindulaidamsasy esanniasuinvinias eslefifiussansanlunsinniy
uazdlaserimgAnssunsBousvesiFouludedn vilvinsususuuuunsaouiionsuaussietiym
vosfiouwdululdegredin v 3 fddsnandanudenlouardaaiudsfunastuludnuny
fdesrinludfntwindwmansenudedfdu q sgrwmdndeddld fuandunised 1 Feuans
milfd'%'smLﬁaumﬁmmiﬁﬂmLLUUG‘?&L@MLLam'ﬁﬁ’mmﬁﬂmm%’ﬂzgzgwﬂsgﬁwﬁﬂum%’laqﬁa
agaluszuy
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Feloeran1susefiufiunisudu
WHUNSERUSR LU
ausalinisiSeuiuuuiansynag
wigiSeudnausnnseuiulalag
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ANUNNBBNUUUANTNLINA DN
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AM0uuagMIINaDIEaILNTaN
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Tanudssnuanududiusives
Toya ANuWienlunMadng
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Crompton & Burke
(2023); Miao et al.
(2021)

Ouyang & Jiao
(2021); Zawacki-
Richter et al.
(2019)

Crompton & Burke
(2023); Chen et al.
(2020)

Holmes et al.
(2022); Imjai (2024)

Crompton & Burke
(2023)

Baidoo-Anu &
Ansah (2023);
Ouyang & Jiao
(2021)
Zawacki-Richter et
al. (2019)

Seemiller & Grace
(2018); Zivkovic et
al. (2025)

Miao et al. (2021);
World Economic
Forum (2023)

Holmes et al.
(2022); Williamson
& Hogan (2020)
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a a = £ 1 ¥ [ a L3 a

nsefuselseuLiisudinaaonnaediunan1TIATIEiaANIuYee Crompton & Burke
(2023) M5189UVUIANALTIVINVRINIT LIy r1Usehvgluav STEM agluszauuiunansiiegs
Taawfl eWarsadoyalunisiad 1egraduszuu sasnuguuuui d1dey 3 Usznas baun
1) anulawseuveslyyiuseivgmiionisasusuuntauiinmuaiianatuns 3 davan Jlyiies
fdlediands Fausindyarvszivgliladuiisueiadia@suanizyn mnwsaunsaliuasy

o = a % Y I a a1 o @ a = a
wainvesnsiseunsaeululcdasiaiieliedrndususssy 2) dmrdunmduiiAvAonaigauin
a ] v ! U Y a LY = o I oA Yo ¢ v A
vaelgauseavgiuuilduganinlungudioussaunans Feindunguinlasulsyloviiasiign
yInnsapukuuUIIenslutussuvwInivg (Chen et al, 2020) Usdiinlgguseavgliiissenszau
nadugns lnesin wideldnaninlunisanainuna enainisluduiseudnaie J3dannd o
AUl Baidoo-Anu & Ansah (2023) 4 L ud 1915 8ug wuutanisyanan 1wl ey Uszh vy
el ITgundseauauaInsawanaaiuau1saiseus lusnswazafuivizaufuaues
Ipiogefiusz@nSnn 3) Anuduiudidanguasnaseninega 3 dalun1sen 1 3iduindfumand
flddniunisegradudaszaindu mouwsadundsdatusasiu nanfe nsinszideyadiiou
MudugnilugniseenuuunisSeuiianizyananiinuningy waznistideyaleunduwuuriug
Hglrasnsiieuinainaniusednsamesdy fan Ouyang & Jiao (2021) 8FUIMIIANUAUTUSLT
1 & aa (Y o (Y L3 a ¢ =

wnuaznaseninae 3 daduileddyeanssuiwimidygivssivgiianisdnyilumnissy

a Y a & a v o e P ~ & o
1 21 il Jaeuluanvinermansuazimaluladasazdewmseninfawansuiouiieuilnnglinseu

a saa sal o ]

TidyaylssRvgniussavsnagean AetyaussRvgivihausindugaeu Tlaviwihiunuigaeu
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[

Aa7 Holmes et al. (2022) la@suto1ld uenainwun15@nw1ve9 Mishra & Koehler (2006)
Fatugninmnudniavesnsysanmanaluladle q ludussudniuediuauaiunsovesiaou
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Tunswenlesrnudmuwmaluladiiniuanudidailonuaznsasuegainnumnedudfgy

33 Uszhudusdessauiidesnisnsaunsdamslunslidymsziugmensine
nan1sdnaszyssunssululssduaiesssud iiudianuimieduai usssa
vaanslitdygrussavglunsfnuauinemansuazinaluladfdnuueiidoulssiuduszuy
Ldanansaudleldaisuinsnisianizgyaieseg i el lngnan1sduasIsinuauyiInieg
vdn 3 Usemsiifienuiseiunazanududenlussiugs Taun
1) Auanududiuiiuazainulaondevesdayan 3w IneNan1snuNILITINNTIY

v

wuinszuulgyauseivgnisnisfneluaivineiman suazmaluladivwildufvsiunudeya
rzﬁﬁmﬂuﬂ%mmuazmmﬁﬂﬁqm’jwmmﬁu Lﬁaamﬂﬁﬁ]ﬂiiumiﬁauﬁﬁﬂLﬁmsﬁur;huuwamwg%uﬁ%ﬁa
ogeraliles Jsadrsanudssiensihdeyalulfifioingussasdanndivd maiAansazidindeya
LLazmsa%NUssﬂ’ﬁmaiﬁuaqsj:l,%'smﬁ'm%fmam'aiamaiuamﬂm (Williamson & Hogan, 2020;
Holmes et al., 2022) NaAINA1IEDAAN DA UNAITUITBUDY Miao et al. (2021) ﬁ'ﬁq%ﬁwudﬂ
aa1vuns@nwidwlugduaulevisnisdanisdeyadiouiiaseunquuaztaduldldass
Tngiamzluusunvesnmslduinsangliuinsimalulagniguen

2) frupuiniiedlunsiddanalulad nansdansiziissanssad mdiuanudauds

Ao w ! & o a gy = « = N S =
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uilumsUfUR wmalulad i dauangainnszandaegluaniduidnineinsgaeguda (World
Economic Forum, 2023) uanant Sswuilgmiaanoudeswesdanaifiufionmanguazaene
AL ouanadsanii fogiin Tae Williamson & Hogan (2020) wudng1uinszuuneansal
wans3euiindusedoyaftlinainaneduunlivaideaguiiusssudediFouanngy
Aroslona

3) funisitanunaluladuazsansenudenisiauinugnisdn nan1sdunsIzinyudn
Ussiduilildsunisedusetiosiigaluissaunssy wiflanuddyesageienisnuleuie tng
Baidoo-Anu & Ansah (2023) igayldid e iTouaviinermansuazimaluladaiunsad s
Uyausehuglunisuilang agULﬁam viadsunenldlneie SmanseRuseiitimudenndos
fudefumures Ouyang & Jiao (2021) finuinnisesnuuunmsFousiilitygussiviegnadianu
Farauaunsonanidsanndels wadluvauzdeiudnssslonivounaluladild

MseAUTeUsfiuasesssuma 3 ‘Uizmﬂuﬁwéfuﬁ?uﬂﬂﬂzjsﬁaaqﬂﬁé’wﬁ’@yd1 mathdyanussivg
wldluns@nwaiviinermansuasimaluladegredanusviavevdndudesdnsouaiesssy
finseunqu 3 seduniouiu loun szdvulsuiedfinguuneuazuiasgiufiannsadaduldldase
sedvanduidanznssunisiifuguanisidinalulad wazszdusieassudi faeufianssous
TunsysannistyayUsehvgedneilatesssy (UNESCO, 2023; Miao et al., 2021) Fadeulodnenss

aa o

fuingUszasaton 4 MnantauuimeamsiannaussausAdviavesaou

3.4 mMaNAwENsIaUEATTaveaumuIemansuazmalulaglugalayauszhvg

nan1sdunTzissunssululszhuaussauzidviavewfdoududuegsdniauin Anudnse
vierudumarvoamsthilygyvssusinldlunsinuniuegiuanssouzresdaoulussduigan
Hadeiumelulatuarlnsassiiugiu msfunuilaenedesiunanisiduves Tondeur et al. (2020)
fisrsauifluandudiflassadiai uguddvadousiitu aruuendiewadnsninioud
gnesunelddieszduaussausAdvavesdaouninnituszinnvson 1w Iwe e WIS 1N
Usegndld uonvintu wamsdaasesitiifuresriaussousdivavesaeuaiunivemaniuay
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§ Y o v v a
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AnuanEnsatunsasulvdiseuldlaauseivged1aiiasesssuuaziiansaegy i (Redecker, 2017;
UNESCO, 2022) 39vs 3 Fevinsiiidenlosiunsou DigComp-Edu ﬁszqdﬂammuza%ﬁamm@’aauﬁ
wiisadasnseurauinslivalulad msdeusemalulad wasnsaewdsafumalulad
o¢5lsAnnn TuuszifusduuunsiaunaussausAdvan fuszansna nansdanses
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1NNIINMIUTHIETdULUULENdIL 1Ay Tondeur et al. (2020) T1891UIFUMUUTLTUNNTIT oS
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svovduuvuasudendundn fadngudasyindasioulinaneuunilussezendnifiananisal
uananil wansduaneigmutedunadalueiidrdy 2 Uszns fie 1) nalaunaussnuzAiva
YBINADUA DY NN UUITNOUALBIFDAIULANFIITENTNYARAKATUTUN Lag Mishra (2019)
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wazazsurlsune Tng UNESCO (2022) uaz World Economic Forum (2023) saitfugrinnisensgsty
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UINTFIU UNY. 162/2546 wazlasuazhuunuyaUaINN1TUssiiuni83s 9-point hedonic scale
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AdnAny : TrIvnntamiledsn, gnuds, 91avmann, Gramvdn

Abstract

Khao Mak, fermented sweet rice, is a traditional Thai dessert that is still popular in the
lower northern region. There are a variety of Look Pang, a traditional Thai fermentation starter,
that are used as fermentation seedlings and affect the quality of fermented sweet rice in the
area. The purpose of this study was to study the chemical quality (total soluble solids, alcohol,
and pH value) and organoleptic properties of black glutinous rice fermented with Look Pang
produced from Phitsanulok (Bang Rakam Districts (BR-PL) and Phrom Piram Districts (PP-PL)),
Phichit (Noen Po Sub-districts (NP-PC) and Kamphaeng Din (KD-PC), Sam Ngam Districts) and
Sukhothai (Mueang District, Sukhothai Province (MS-ST)). Only black glutinous rice fermented
from Look Pang KD-PC with total soluble solids, alcohol and pH values is in line with the
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standard of MPC 162/2003 and received a preference score based on the 9-point hedonic
scale in terms of sweetness, alcohol flavor, texture, and overall preference higher than black
glutinous rice fermented with Look Pang from other sources. The rating was included in the
moderate - very liked level with a score of 7.17 points. The use of different amounts of Look
Pang KD-PC (0.40 - 1.00%, w/w) did not cause a difference in the total amount of soluble
solids, alcohol content and pH value of black glutinous rice Khao-Mak after 3 days of

fermentation.

Keywords: Black glutinous rice Khao Mak, Look Pang, Khao Mak, Fermented rice
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(Surojanametakul et al., 2019) uardsHaRENAUTALIANEBANAYANLIVINLYBITIIMIINVEINT9ETN
iAdeilVinadenndasfuresssauves nunsni uavany (2567) inud Srmnndrmirdut
fivsinangnulsinsunaandn Ae Yminuiu uns qlovie uazd1uie fasmaveaudsiiazas
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I¢iaman (11.40 — 13.27°Brix) A1filot (3.91 - 4.32) uazUSinaueanssed (6.20 — 7.07) umnsnaiu
518974 Surojanametakul et al. (2019) Wui1¥1Imundi nifnaingaudestsunanan (gnuds
nndaminaymsaasuazuyusd) dnsidsuulasuesgdunidluseninanisvsingd uansnafu
Tnsnaviindrmanndegnuilsnnagnsanasmuliinuswsaeiuluiud 2 uazanaudndesluiud 3
vugfinadndrmnndegnudannunusidnuiTnaaduas s ugdunisiamniudy
ot eraLilesauieiui 3 lnefidrauBaigainingnudaanaynsaasogiedaan uavdwaliiua
in1a Areandunin-ans uazuoanesedlutmnnuandaiuluiign s1oauves nauA
LaYeIIANT (2566) stUAILNAINNaIBvodaduazslugnud e ndnaindanialuaia
nziussnifvunilevedlng lngnsianudad 68 leluian uazs 32 loluian uavdmdis uazaue
(2565) nuirtmnniivsindiegnudsainsunensmufismnazuisseifigdunigiunnsady
IQEJW‘ULGZ?DM 1 Aspersillus, Rhizopus, Amylomyces waz@d@# Saccharomyces wag Hansenula
Tum’mmawmmaaﬂLL{]amnmmaWiuuWim GumvwzmmmwmmaaﬂL.L{]amﬂmmamaiwm
‘W‘ULWENL“UE)?W Aspergillus, Amylomyces Wag dan Saccharomyces L‘Vlmu

MM sUszfiugunmasEamdNareatnvan (M99 2) NUin ATLUUANTOU
vostamnniinainaingnudeds 5 unas fezuuumiuveuiad sluudazaudnsazuandisiy
atafltfud R uneadd (o < 0.05) InBTALUULAINUTBUAUAIINMITY NAUTALDANDTRA odua
LarAI1uvaulaesIney luY 9 4.67 - 7.07, 4.83 - 6.53, 5.67 - 6.73 uar 540 - 7.17 AzLUY
audy F1amundinindsgaule Ko-PC ldsuazuuuauveunni aalunngudnuuy
e 6.53 Az (WOUIENTIBY - YOUUILNANY) B4 7.17 Azl (WUUILNAN - YoUINN) YazAiTmann
finsnaae gautls BRPL wag MS-ST I §uazuuuauvounifiagalunnnudnuvuzoyluyi
4.67 azwuu (veuldnios- Wwe9) 69 5.67 AZLUY (R8¢ - YeULANTDY)

M35 2 A wsUsEavndulavesi vt witesmlinaegnidiuinuvesnawilonaua

, AZLLUUAINUYDU
wiasueIanwd = p S
v AITHARINUY NAUTALLDANDTDA LUDANNS mwmau‘iﬂaﬁ’m

BR-PL 4.67 + 1.56° 4.83 + 1.53° 5.70 + 1.09° 5.67 + 1.40°
PP-PL 540 + 1.19° 557+ 1.07° 6.20 + 0.81° 6.20 + 1.00°
NP-PC 5.60 + 1.28° 537 + 1.27% 6.03 + 0.93° 5.90 + 1.12¢
KD-PC 7.07 £ 0.91° 6.53 + 0.68° 6.73 + 0.69° 7.17 £ 0.75°
MS-ST 4.87 + 1.07° 5.27 + 1.14°¢ 567 +1.18° 5.40 +1.10°

MW Usziluai1uvaunieds 9-point hedonic scale (1 = lawauuiniian 9 = ¥ouunian)
HI8NYIN1¥I8Ngui AduA1vet ey aluned i ginuLansaduuAnNg 191y
pgslitdAn19ana (p < 0.05)

o o = o A o v = N a v ¢

Tvsnntnwmilgimindnalsgauts KD-PC fganmmianiifgennnasmuinueiuInggu
waglasunzuuumurauIINNIsUsEluAMAIsUsTamdNdaunian Jadngnuds KD-PC T4
TunsfnnUSinavesgnudeivanzadlunsmdntivinndimilesnsely
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3.2 wavaslSunagnudwisnumumaalissninmamisindrmnndramilean
mu‘%’aﬂﬁ”ﬁwmmﬁﬂ%mmﬂmﬁgﬂLL‘ﬂﬂ KD-PC TulSunaufiuansinaiiu 4 sesu fie Sewaz 0.40,
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15

1O 1 1 1 1
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Fermentation time (day)

amii 1 msBsuutasUiinaresudsiiazansldimueluseninsnsniindmnndinideas
segauds KD-PC TutSunaiiunnsiiady (F8nwsn1uidinguilunnsisiuuansniy
wana1ved el dedAyN19ada (p < 0.05) uag ns uansauliuans19veItay a1l
HedrAgyneads (o > 0.05))

Uﬁmmaumwavmsﬂ,mmmmawnwmﬂwmmaaﬂLm’hsaaav 0.40, 0.60, 0.80 Waz 1.00
meuamaﬂmiﬂuma 2 ammmmmwm ndNTuMIR LT uresUSinavewdiiavansld
Hauaind udnasmasAeudiensd TneuSunamewdilazangldimuni g uain Usuans udu
12°Brix \Uu 38.33 — 39.67°Brix #aaMsvisinuu 2 Tu wag 40.00 — 41.33°Brix ¥aINSwsInUUL 3 Tu M3
T g nud e nd1vunnludTunad unneeiu (Sevar 040 - 1.00) Lyl aainuuane 19

a & YR} v 1Y % [y = ) Y
vosUsunavesudeniazanglaviunaludrimannudanisminuiu 3 U (o > 0.05) Fauduszeznismin
Unanlglunisudndanuin (A il 1) donraediusieauvesiladneu (2561) ANUNISLALTY
Yo3USuneIndiiazarglaianualunisndndamunndrundeasaisiug iududwminings
USSR 19 - 27°Brix W@y 30 - 40°Brix wdsduganisun 3 Ju

AN 2 uansUSunaeaneged ludvaniindnaiegnudesesar 0.40, 0.60, 0.80
WAz 1.00 WU INSLNTUYRILRaNagad g 19satlaIsenIensudn waziliaduganisvdn 3 Tu
1% A o v a c{' i v a a 1 ] o aa
TrmunidndegnudslutiunaiuanaeiuivSinateanssedliunna1eiun1eada (o > 0.05)
laedlAagsening 0.50 - 0.54

dvswavesgnutleuIusenaInIWLAENITYINT YN T UNTe IR 1... (1NANIT MITUNT UAzAALY) 7



NI IERUsEYNALAZUIANTTY Ui 1 adui 1 unsiau - Aquiey 2569 (UnANUEYN 26104)

0.8 A
—4—0.40% B 060% - -k -080% —@& -1.00%

Alcohol content (%)

0.0 T T 1

0 1 2 3
Fermentation time (day)
AWl 2 nsAsuudasUnameanssedluinmnndnmiamseninanisiindiegnutls KD-PC
TutSinafiuandnaiy Ehdnwsnudinguiiuansistuuanianuuandisesedited gy
N9EdR (p < 0.05) war ns wansauliuanasvesteyastilduddyn1ada (o >
0.05))

AR UNTA-ANa suaq%’numﬂ%’nmﬁm@i’wﬁwﬁﬂﬁ'gaqmﬁﬂuﬂ‘%mmﬁ'me@mﬁuamaq
ag1953m 5 mdan sndnuan 1 Tu lnedatanudunsa-ane anasann 5.210u 4.72 - 4.79
ndantuataudunsa-a1e anandndos Lﬁ'aﬁyuqﬂmwﬁﬂ 37U A unse-rng
Guaqsﬁ'rmmﬂsﬁ"nmﬁsn@T'}ﬁuﬁﬂé’aaqﬂmﬂﬂuﬂ‘%mm%’aaaz 0.40 - 1.00 Inevmiin A9g 381319
4.44 - 4.55 Fslalunnsnetuealitudfymneadn (o > 0.05) (AWl 3)

55 —4—040% B 060% -~--4&-080% —e-100%
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4.5

pH value

4.0 -

35 4

30 1 1 1
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Fermentation time (day)

awdl 3 msdsuuvasainnuidunsa-ana vestimundmdeimszninansminsaegnuds
KD-PC lud3unaufiuansnady ((Hadnusnwidenguiunndisiuuansauuandsedied
WodAtyneadid (p < 0.05) uag ns wansaNnuliduansisvestayasgreltedAynsada
(p > 0.05))
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nsifiat ureueanaseduaznisanasasanaiunn-re Jufuszezinanlunismin
drmnnduienduienuesiladnual (2561) fnumafisturesuoanaseduaznisanaswadn
adunsn-ang egredewl oslunismsind g rumdoamanswus A ududminivg
Tnufladuganisnsindravain 3 unuueanesedlut1imunndrumieadussanniesar 1.0
wazileanudunsa-ang and 4.0
wansnaaesluuidednuiniafiuliiugnudsaindesas 0.40 Wudesaz 1.00
Tadwidn Tunsndndramunndrmdeadlddieldnszuiummsniniidu msldssozina
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Framnn Wuemsdeilsiduiutnuiifaud fasdeTausssunisuilaslulszndlne
Weg19g1u Tuedntivanazgninedlunduveminu wiludagtumsdnwmiaingieans
83T udsnuAvosaisoongni nadin il dsnadsequatnuenvioanarsermsnd n

danalitninunnlasuauaulalugiusemsiiieaunin s1891uv8s Wattanuruk et al. (2020)

'
a

ATIANUNSUTUYRIESAUBENTNTUNGUaITUTENaUTUea Na1liuees wazaiswaulnlyeniiy

[y a

pgiidpdAgynsadfnansudndnuIngwtenauna Tnensundndusuaaissznauiiuea
Wanliusea wazioulnlyenily agj‘ﬁ 37.45 mg GAE/g, 35.64 mg RE/g Way 2.48 mg/g Lagnaiundn
TUsuandududu 4566 mg GAE/g, 39.35 mg RE/g WAy 3.37 mg/g MUa1A U LLaswuq‘wé
é’wuaaa%m%’uquﬁai’mﬁaﬁ% DPPH radical scavenging activity wagdmvanndmdusmnsinsiuladin
Nt Inedas s. cerevisiae Tud1anunuonatnagyudiilunisiuasutniaduseanssed
asesanfnavideduiannzudididdnenmmadulnsluledn (probiotic) g4 (Adesokan et al.,
2021) NM5U3InAT1IvNINT e Usuann agduniglussuuninaue1nis n1stedmile e
Faduunasdfguosasiueeniindunguasusznevitusauazusulnlseduduingivlunismdin
Frmnniseesuiladudamiiiduasesngrisnidanmiiuinntu anneidunsauazioulsd
mmﬁu‘m?ﬁuswdwmwﬂﬂsﬁnmmﬂaazsthmlamﬂéaamiaaﬂqwéma%amwma’wﬁaaﬂmﬂﬁuﬁz
wilnelulassadiswesudnd ﬁﬂﬁiwmﬂmmmamﬁﬂﬂiﬁﬁﬂiz‘IWﬂﬁﬁ?Ja%u asusznauiluea
wazweulnleerduiiquantilunisiduarsdueyyadasziiuszansangs Yreannnuidos
GUENm‘il,ﬁﬂiiﬂ‘ﬁlﬁmLﬂﬁmﬂauu”aﬁﬁiz (Yamuangmorn & Prom-u-thai, 2021; Pongnaratorn et al.,
2024) Faug1amuni udaula e d uLﬁmmﬂm/mqﬁﬁﬁymﬂumﬁauaummimﬁﬁ?u
wiguduuinnssuemmsidmihfiidaadmsdinimgs nsduadulitinnsuslnauagiaundn s
Frmnnliiuassuauvasnfouasasnuandfideisdduly nanuifediaduumamadify

lunsenszauemnsiiuiiugnaingunmluszduaina

4. #3UHaN153Y

mﬂmsm%‘auLﬁauqmlﬂqﬁuﬁmmﬂ 5 wasndnluniaurilanouans (Wealan 2 unas,
35 2 unds uazalesie 1 unas) nuingnuls KD-PC 9ndwinfidns Tanumunzauanniign
Tumsldidundndelunmsnsindramnndrimieas esnnlievesudsiiozasldiamunggn

7 45.00°Brix wardU3unaueanagedniissiegar 0.53 nsiiuuTuugnudsainioesay 0.40
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Abstract
This research aimed to develop a gel food product from red jasmine brown rice
supplemented with cricket powder using erythritol as a partial sugar substitute to enhance
nutritional value and develop an alternative functional food for elderly consumers and health-
conscious individuals. The effects of cricket powder supplementation at levels of 0, 5, 10, 15,

and 20% of the total formulation on the physical, chemical, microbiological, and sensory
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properties of the gel product were investigated. The results demonstrated that increasing
cricket powder levels significantly decreased lightness (L*) and redness (a*) values, while
yellowness (b%) and firmness values significantly increased (P < 0.05). In addition, total soluble
solids tended to increase with increasing cricket powder content, whereas pH values slightly
decreased. Microbiological analysis revealed that all formulations complied with food safety
standards, with low levels of total viable count, yeast and mold, and fecal coliform bacteria.
Sensory evaluation conducted by 50 untrained panelists indicated that the formulation
containing 15% cricket powder received the highest scores for appearance, color, texture, and
overall acceptability, with an overall liking score of 7.10+1.39, corresponding to a moderate
to high preference level. Therefore, supplementation with 15% cricket powder was considered
the most suitable level for developing red jasmine brown rice gel food, as it provided a good
balance between nutritional enhancement, product quality, and consumer acceptance. The
developed product has potential for further application as a functional food and alternative

food product for elderly consumers in the future.

Keywords: Red jasmine brown rice, Cricket powder, Gel food, Food for the Elderly, Erythritol
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veunzdunsdafidnenmgalunsthaniamundundesusiemsidamhidniudzeoy

Tupuuvadusiu %m%‘m{fmﬁmmaamwﬁ%ﬁﬁﬂmmmﬂmmmsm lngangdsunalusiu
‘ﬁqamﬂsummiaaau 55-70 vouwinusks S dinsnosiluddunsudu wanduuvaswoddimiy
7 12 swdin wasuaatdesluUFinags (Orkusz, 2021) TUsfunniwdedadauannsolunsgoldd
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wazddnenmlunsltifuuvadusiumadendmivensuiseuan (future food) Lesainnsnan
LLiJﬁQI‘EngVl%JWEﬂﬂiG]é’]LLaB‘UalaEJfsﬁy’]"‘dL%"a‘Uﬂiﬁ]ﬂ‘ﬂl’e]Sﬂ’iﬂﬂﬁiwﬁﬁlﬂﬂgﬁ]’ﬂwvﬁgﬂ@m (van Huis, 2020)
HagvuTeinnined s auldiadulundadusiemavatssida Wy wiam vuuey wased esiy
o unmAmistasunisuaslusiulundadue (Musika et al, 2024) wonainil nsldnedsndn
Tundnfusiomsdiaenndestumnliumsuilnaemnsiddulanduinsednndey

Tutiagdu fuslaadsliauddysuniseuaudimaimanasndsnuluomsuniy
Tnelamznduiiaseny fihelsaummiu uasdiidosmsauanimn aslfinnumiunaunutenma
3elesupnuileuagaunsvans 3m3nea (erythritol) Wutnmausansgednlindsnusi s
thana warlidsnasiessiuimaluden Jumngdmiulilundesusiomsfioguamiazevis
dmugUaeiuma uenand S3viveadsiisavulndiAssiimanae wazlinelhiAniluy
yilanunsathunlivaunuiinalundedusiemsldegaiusyansam (Mazi & Stanhope, 2023)

Mndeyadingn el TelngUsrasdiil oaemsiaandndosmennsdung
a3ud wiane Taeld83viveanaunutnmausdan i efnudnsidudl ianzauresd v ans
AEAMAINNINIENIN ATl F8TVINGT UagNTERUTUNINUTEa MU aVIHEAI U0 TIaA LWL
failiteifiunmandlnrumsuasiausdnsasionnsmadenivmngaudmiudgoguasiuilon
Aeflaguam

2. YaAuarItN15Y
21 mewReaidnndewmouazaun
W mndeseneiugronuzaung N3 mianszunsei oy sen LT A IALAZUARIELAS DIUA
owunUszass (Ju 800A, Useneiu) auldnaudsdmiiinruasBonaiiaue antudmautedn
Usunas 100 n3u namfutinlusnsidau 1:8 winseusunns) wdnhlvldanudeuseomd sy
alunUszass (HOMEATE, Usemelng) Wunan 25 uift auldansuanuassvestniiidnenzilomeniu
dntusldnusuasUdedliuanuigungives deuthlfifuingAvlunswanensiaa

2.2 MSHANDIVNSIANELE WAN

drunauildlun1snane 15198919 1INE D MDLLTALANASHD WATANT LARITINNTIST 1
Imaﬁmmazmmmﬂm miﬁLLuuTuﬁ’l LLﬁaﬁwiﬂiﬁmm%uﬁammﬁ 80+3 asrwaldua W
5 W1l mﬂuumuaimwaa dhmansie wazdyduadly WiaumuamamamaqLLaJmemsaumaaﬂ
2 il Auanshanunas angauysal Maammuummmammaﬂuammamm YAULANAINU
mu’;u 5 5¥AU laun § Sovay 0, 5, 10, 15 uaw 20 YOI NAIUNAL T LA WEIVINITNIUIUNS
Faianszanefethaitane mntuitidndomennzauniinIeuliadly uaglautouse
Hunan 15 wift Tnevhnisniunaesnaniietesiunisanasneusazyelidrunau it ooty
idensunanslimnufou thndndasiidfeuussqadudenaiain Uaseliifuiigumgives
niudaruaziluifuing flgaungfl 4+2 ssmwaea Wunan 3 Halus uielvindniasitinns
s neudllUinssvnunInwng o Aokl
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M19197 1 gasaunanililun1sndne msaadINt1INdomouNs ALAASUIIVTAN
W wmin (n3)

nany ¥aAIUAN  Fowar 5 Sowar 10 Sewar 15 Foway 20

ARG 0 5 10 15 20
ddndemenzaund 25 25 25 25 25
wAUUI-A19713 wuY (kappakR®, 15 15 15 15 15
dulauige)

dhananste @aswa, Usemelng) 5 5 5 5 5
83v3mea (ERYLITE, 5uima) 2.5 2.5 2.5 2.5 2.5
dydu (Orafti®, waibes) 6 6 6 6 6
thazen 60 60 60 60 60

23 NFAATIRAAMNININNIBNN

AATEAEveei08198151aaRa8LAS 89 TRASEUY CIE Lab* (Minolta Chroma Meter
CR-300, Kyoto, Japan) lnasiesrunaluguainiuaing (L) araaududunamied e (a¥)
wazArmdudimdomIedundu (6% Fen L* uanssziunuainawesdiede A1 a* uanaan
aududun (+a%) wasdifen (a®) drurn b* uansaraududindes (+6% wazduidu (b%)
yhmsiadiegnesiuam 3 9 uarmenumadudiade + dudsavunasg

AsgiANLLLD (frmness) Y810 19MsW@aR LA 093LAS AL adRE Texture Analyzer
(Brookfield CT3 10K, USA) Tnglasiianssnszusn (Cylindrical probe) vun 25.4 fadluns (TA11/1000)
AuAAn trigger load Windu 5 n$u AaSalunsnAEeU (test speed) Windu 1 Tadlunsaeiuiil
wazASIUNISAU (return speed) WU 1 Hadunsaaiuig Iﬂsﬂ% load cell ¥u19 1,000 N33
Fmsleseiiegss o 3 91 uarserunaludiads + drnudoauuuannsgm

24 NIAATIRAAMNININGAT]

AnTziUsinameudefiavanetildvionun (total soluble solids; TSS) vessetnsemsiaa
foias 0 dasunsnlafiines 3u N-10E Digital Refractometer (Atago, Japan) Lag31891UKE
Juearmuing (°Brix) Tinszsiatmnudunsa-a1s (pH) faeip3es pH meter U Sartorius PB-20
(Sartorius, Gottingen, Germany) lagvin 15U Ui suLas eesaatsazatevvlinesuinsgiu
AOuUNITIATIEY wariiATERUS U ansaanuad lawnsnle (total titratable acidity; TTA)
MUITUINTFINYBY AOAC (2005) Inesrenunaluuvesiagaznsndnin (% citric acid)

2.5 MINATNAUNMNNIRATIINEN
FiAsgsiTuaua Aunddsiemua (total viable count) §ariag 1 (yeasts and molds)
wasilmaaladnasy (fecal coliform) Uai9819919115198 MINTFUIANTFIUOY U.S. Food and Drug
Administration (2001) Ings1guraluguniielalatsaniudiegne (colony forming units per
gram; CFU/g) m'i"?Lﬂ'ﬁwﬁﬁi’m'su@ﬁuw%éﬁmmﬁwLﬁumﬂmﬁ% pour plate technique ULB1113
Plate Count Agar (PCA) wazusfigumadl 35+2 ssmiwaidoa 1uian 48 Falus daumsiiases
fasfuazs1ld Potato Dextrose Agar (PDA) uazuufigunndl 25+2 ssewaidoa uian 5 Yu
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g nsInsenilaealadnesuldisunsgiuuueInis Violet Red Bile Agar (VRBA) wasuul
gl 37 exrwaded e 24 Halu

2.6 MIMAFRUNNAUUTTEMEULE

1#1779619911151929 171N DanouNE A uALAT HE M ARILINAdDUN TN
maUszamdudalaoguilnaialudiuau 50 au 01gszning 45-60 U idesandunguuszuing
fifdafuthgdsauggeenguasiunlidyiunsasuulamsaisinefiiedesiunsuilan
919117 LU UszAnsanlunisusid 1 n19nduenns waen1sfudsasifianasluouias
Tnovinsussidiugadnuusdiudnwazsing & ndu savif ieduda uazauroulassay
#7835 9-point hedonic scale Feimunlizuuy 9 muefs “sousniian” Azuuy 5 nuneds
“lay 97 unzAzuuu 1 vneds “ldveuinniian” deumsvaaey Megraamungnuaieuuasasl
Tuvsuawindu aeldgunadiiedrdu uavdusiaiiedsdiedaiay 3 nén ieldeatuend
Tunsussidiu fuaadeuldfuindudiniudrsuinseninnisvaaeuusiasiaegns antutidoya
azuuuildluineimaaiaseld

2.7 MSINEUAUNSNINABILAZMTILATIZANISEAA

msmaaﬂmwias%’umamwLLmumimaaamejmmysd (Completely Randomized Design;
CRD) Tnerimunsunugndmiunsinreiamnmvenientn maadl uasvnegadaiven s 3 6
A7UNTMAAUNIUTEAMAURE 11UHUNISVIAeUUE N UAeNaNYal (Randomized Complete
Block Design; RCBD) lneiwualignaaeuduluuden i panANLUSUTILTIAAIINAINLANGAS
seyinayana Yrdeyailiuniiesesienuuyususiu (Analysis of Variance; ANOVA) uagi3eutiio
AIULANAI9989A 1408 892835 Duncan’s New Multiple Range Test (DMRT) 7i5esuanusd osiu
Sovar 95 (P < 0.05) Ingldlusunsudniagy SPSS version 23.0 (SPSS Inc., Chicago, IL, USA)

3. NakazaNUIIgNaNI15IAY

3.1 ANATWNNNNENTNYBIBINSIRAIINYIINGDIVDUNLBUANLETUR WA

AN 1 BN NYUEUIINHVBIDIMITAIINT1INA BINBULEARALATUTINT ANl UTEAY

A9 9 WU WeliuuSnudmiandugasudndue dewaliatdvesemisiaaduuilduduy
YTALIY WALLLDLIANAN WL BUUTUAIUTEAUNITLETUIINIAKNG LATIINAITINA 2 WU USUIEY
: a a 1 1 a 1 1 4’{’ a % 'S 1 a v o U aa A
WS ANIINAADANALAZAIAIULUULLDUDINANS Y0819 TuEAYN19adf (P < 0.05) ANE L* 989
g1 sRaluullduanaudaliiusedun1Tiasud msane laggasaIuAuilAIAI1NaI19ganan
(47.37+0.40) vauzPignsnasudwsanadosas 20 JA1ANAIANERA (40.4620.17) wanslifdiui
AL ANTINS ANIFINALANANA N LA LT UTU LT DINNHIDINI AL FUINAVUTIAAINDIAUTENBU
yaalushiu ludu wazuizennisiindunin1aseninnssuiuni1sauling (Maillard reaction) @onnana
UI1891UV89 Musika et al. (2024) ANUIINTSLESURITINI AlUNBAA U NI@A191NU1D Riceberry
danalmiadiual 19veIndan g anateg 19T vedAy Tudiuvesn1d a* wuin
4AIAIUANNIAT 0¥ @INAA KAZAIRINAIIAAAININTEAUNITHESUT INT AN el 813LAnaIn
N15UA suLUa999A UsENa UV NI AA LUSEUUDINIS S2UD N5 9919 sa1shaulnlee1dy

v % a A o~ a g a a P 3 A a &
nTndementzduandefin1siiunsd wmsalulsuiungalu vaeiiainnududivios (b%)
~ Yy a X oA a ) a & o A a & o % A A a
fuunlduindudeiiiuseaunsiasuivsans Inegasiasuidmsansiosay 20 da1d b* geign
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Y

(12.84+0.35) § 9919 U US AUFNUTITUVIAVDINIT AN Akaz U ATEINSARFUIN18TEN TS
nslianusou

YAAUAN

Esuisaneiaaz 5

wudvisansionas 10

a

AN 1 919TR8INTIINADIMDUNZAUAUATUIINIANINTZAUA )

wudvisansionay 15

iR visansionay 20

A13199 2 AUAINNINNILEAINYBID N THIAIINUINABINDUNLAUAAETUIINTAKA

USUN0UR SRS fnd AnAaiuLle (9)
L* a* b*
YAAIUAL 47.37+0.40°  14.23:0.32°  11.13x0.41° 37.42+1.90°
Sovay 5 46.01+0.27°  12.24+0.68°  11.87+0.44° 53.57+1.80°
Sowag 10 44.77+0.55°  11.27+0.40°  12.14+0.47° 63.44+3.84°
Sovay 15 42.28+0.49%  11.02+0.53°  12.11+0.64° 65.31+2.04%°
Sovay 20 40.46+0.17°  10.10+£0.20  12.84+0.35° 68.20+2.77°
RUYLNG AeRpitsnushiuisiulusansauuanstuegitoddameada (P < 0.05)

uenI Nt wansAnwIFINaSaenAdpItUIBILTEY Kim et al. (2019) Fawuiinisifu
TsRuanuuaslundadusiormsaunsodsnanenudnvuzduduasdodudavomdnsd w
ogniltfeddy Inslanznisanasesdmiuainuagmaiinnuidsedasaiieems esin
aerUsznovvadlUsiutastiduleanuuasaunsaiinujduiusivansislasneaaseiluszuvanmsla
R8N Zhao et al. (2025) 51891U31 9178 ALngLan 12T 12FuAdasT10d19 HoeAUsena
vesansituednuazuoulnlesniugs 4edawasodvosnandusionmsuazaunsaildsunasle
dokunszuumslianudeurdediefininfudunaniilusiugs uonani arsuszneuiiuedn
Faau1 s AU ATeAUlUsAY dINan 9AI1NAIAIVEITTUULIALALA A NYUENINIYATN
VOINAA TN le

dmduaanuuiuie w1 madivssiuleiensdsmaliainuuiudevesemisian
Lﬁﬁuammuamﬂmmmm (P < 0.05) ImﬂqmmmuﬁmmmLLﬁuLfasil’wﬁqm (37.42+1.90 n33)
ﬁuqummasmqmmmiaaav 20 uﬁﬂm'mmiuufaaaﬁam (68.20+2.77 n¥w) fadlorailosnan
Iﬂsﬁumﬂﬁ“iyw%'mmmamﬂmJg]awwuﬁﬂu‘lmqmwﬁuamﬂﬂm A513uuY denalilasarieias
fiaruud swssuwaznuwduandy yenanid auawii’ﬂ,uammmwmummaaummmm
ﬁuaﬂmaaiwwaLLaume'ama’]u'ﬁa’Lumiquuwaamamm%aﬂma naifisturesenauuiue
TugnsAdnisiaiud miansenaesvigldainainuaiuisoveslusiulunisadnslasene
SafuuAUt- kUL Fehoifinamuduswedesaiiee sonadosiumenuues Melini et al.
(2017) #inudn msiadulusiumadenlundndusemsainsodisfuusslassadng idoduia
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wazauanasalumsduimesansurild lnsamylussuuonsiuduayemaiaa egslsfinny
winsfaUTinad manaastisiuenunuievesenninaa uissduiiguiuluonadwa
sonmdnarsuAuazmIseniuresuilae dudu madenUiinadwiansimnzanadutiady
ddflunaimusdnsuriomnseaiiienmeidlnuinsuasamua s syavdudaia

3.2 qzumwmeLﬂﬁ%ENa'mqil,ﬁlaa'ln%"nﬂé'awauuzﬁLLmaLa'%u%W?ﬂm

91nA5797 3 u,amqmmwmﬂLﬂﬁsuaﬂmmiLaamﬂ%"nﬂé’awammﬁLLmLa%?iuw%‘mm
WU USurad s ansiinansUSunvesud i azareunlawanun wazaA1Auidunsa-Aag
vosdnfuregiiTedfyneedn (P < 0.05) Usinavswdsfiazanehldimuniuuliuiuty
musERUNaLasIs van lnegnsiiiasul wiansdosay 20 fusinumesudsfiazarethldiomun
aqﬁam (12.77+0.00°Brix) saqaqmﬁaamﬁLa'%u%w%m%’aaav 15,10, 5 wagyAAIUAL ALEINU
VYUY mammmmm amw @303 wsanadenay 5 LidlanuusnaisiuegeddvdrAgynieada
(P > 0.05) muawLuaqmmﬂf\mmmmﬂimaumEJmi‘mmmaaaumauﬂwmmum wu WUshudUlng
nsnozdly 1ima LATUTEI) doruadundnsueluvsunaiiady Sedawaliusunnmesuds
ﬁazawfﬂﬁﬁywumﬁ'mqﬁ’u NANITANEININAIIEAAR BIAUSI8IUVBY Kim et al. (2019)
Fnuinsinlusiuanuuadundnsausiemsansafininavesudsiiazarsinld vazdwa
AoaudAniuadvondnsae uona1nd Orkusz (2021) 51897u31 & 473 el uuwa elusiy
uarasoIfidesdUsznoutesansUsznauiiazatenldlusedugs Ssanunsodanaronuan?
MupilnazAuN NTaIEniugieslalngnse

A13199 3 AUNMNILATVBIBINITIAIINT1INABINBUNLALALATUIINTANS

USunuvesudsiiazareludn

USanaus avisnns o2 ) pH
Tanavua (°Brix)

YAAIUAL 8.00+0.00° 7.78+0.01°

Souay 5 8.27+0.23¢ 7.71+0.00°

Saway 10 10.40+0.00° 7.63+0.02°

Saway 15 11.33+0.23° 7.49+0.03¢

Saway 20 12.77+0.00° 7.11+0.09¢

nuewe : Anadeniisnyiiiuaiuluswinuaninuwenaiueg 1 litedAymneds (P < 0.05)

FMTUA pH WU AN pH vesemsiead wualiuanacd euft uUs s swsana
Tnogmsnauauiiat pH gefian (7.7820.01) vuefignsfiiaiudwviansdesay 20 fie1 pH siign
(7.11+0.09) wanslfifurnnisiiud wmsanedinaviliuandusidanumdunsai ot wdnos
Meileninanosddsznevvesnsnesiilu nsndunsd wazasusznevlulasiauiinulud wsaws
BANT0ANAGDALAANTA-AIUDITLUUD ML Nan1sAnTidenndoiusenuues Musika et al
(2024) Fanwuimsiunss winlundndasiomsandniidaunsadwmalien pH vomansusanas
\ea1nesAuszneumsafiveslusiunnuuasasUfdusius seninalusAufvesdusznaudu
Tusyuuems uenani MsanaseseAn pH 919EINAAFRDAIUAIAINIIYATIINGIVDING A 0w

\Hesnanmsnsianudunsadiiuguaunsndiedudnsiasyreaunsdunsiale

AISNAILIDINITIIATINTIINADNKOUNLEUAN... (Va5Y) lldﬂﬂﬂﬂﬁ f"/'ffs’l/z’U’l ﬁ?iiﬂ!@\?ﬂi uazUniautnad loansss) 7



NIATINeaniszynduazuinnssy U 1 alun 1 unsaw - guieu 2569 (UNANLLEYN 26105)

33 auawneUssamduiaveemnaaIndnnde NN LAt Ak

15T 4 uanamanITadeUNsUsEaMAuTAYeIeMsI9aIINg 1IN LT AL
R evinng Tnefmnaeuduvilusiuau 50 au egsewing 45-60 U Useillunaudnunsdudnuas
Using & ndu s eduda uazarumeulnesiy wud maiuiaaneandosay 0 Wufesay 5
way 10 Lilddanalsiazuuunissonivlunnqudnuvugild suudased eived i dgnisada
wandliiuiinisasud wdandussdudosay 510 lddwmansenusonuainmalssamduda
vosndAnsusinazguilandiaslinissousuldluszavlndidsatuansiugiu usedndlsfany
nansUssdududnuugsinguasd wudn gasiiasudmiansdesay 15 Idazuuugadian
WU 6.93+1.43 AziUL WaY 6.77+133 Azuuu mudfy wazdieuuansnengaslas et vEnmg
Yaway 20 pgnafituddymeEda (P < 0.05) eieaiosnainmsiindaianduseiuiinyay
Paelvindnsamitduardnvaruingiiadls vuginmadulussivgaiullenavilidve swansosi
dunnifuly dwasomsseuiuvesiuilan dmsunndnuasduidoduta wuih grafiaSulviEen
Youay 15 AAruuLZIRan (6.67+1.87 AZIUL) LATLANAIIIINGATTLETuT wTansdenay 20
pgelidpd1Agyeada (P < 0.05) atioraduiusiummnuuiuisvewman s iiud uanu sy
MaeBuIwEang nsgnsiiasulussiugunnoreiiidodudariuumiuludmiunmsuilnavesizeny
dawalinzuuunseensuanas Tuduvesnudnumzsunay sava uazeuveulasin wui yngns
finzuuulaiupnaiuegridedrdynieada (P> 0.05) lnsazuuuainuveulagsiueyluyag
6.37-7.10 Azuuy Tsdnaglusedy “veudndesdsrautiunany” uandliifiuinnmaaiulmiang
Tunansnsiemsiealalidmanssnuisauienssonsuvesuilanegsdniau Tasianzansiiasy

JaisareTosay 15 elasunziuuaNuYeUlneTINgINgn (7.10+1.39 AzLuL)

A157197 4 HAN1TVAEDUNINUTEEMEURNATIDMNTLIAINTIINA DINBNUNE BUAUATUIIVTAKS

AZRUUNISNAFIUNISUS AN FUNE

Jsunay

ANYL ANYAU

Jau3an d ndu™  seven ieduda

U304 Tgsau™
YAPIUAL  6.30+1.51%°  6.40+1.33° 6.50+1.43 6.27+1.57 6.17+1.86™  6.37+1.65
Sovay 5 6.23+1.38"°  6.50+1.41%° 6.60+1.50 6.33+1.32 6.17+1.78°  6.50+1.61
Joway 10 6.27+1.61* 6.53+1.40%° 6.60+1.42 6.57+1.67 6.50+1.65®°  6.57+1.65
Joway 15 6.93+1.43°  6.77+1.33% 6.93+1.28 7.00+1.41 6.67+1.87°  7.10+1.39
Jouar 20 6.00+1.66° 597+1.45° 6.40+1.52 6.17+1.62 557+2.02°  6.57+1.65
e - ARAsfidsnusiitusistluinduansenunnssiuegiieddymeedn (P < 0.05)

ns uede AnaaelddanuuanasiuegltudAynIeads (P > 0.05)

HaNTsANwItlaenndesiuTIBNUYas Orkusz (2021) inuinmsidlusiuanuuadlundndoue
amnsannsalasunisgensunguilna mniinsuiugasuazandnuurauUssamduialivingay
waN3IINT Kim et al. (2019) 57891791 S2AUNTIATUIUTAUIINWUAITIVLZAUAINNITOYILLNLANAT

v &

malaruinisiaglidesansenusieauveuvesruilnnuntn lnsamglundndunniinisusuuss
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¥
A L a

\Wedudauagsayfg1amunzay Ay nnan1svegeunslssamdudaaiunsaazuladn nsiasy

v
=l

Jusandluszaviosas 15 Huseauimunzanignd miunsndne1msieasndindesouusauns

\eannlviaziuuniseeususudnvazUng & Weduda uaranuveulausiuganian

34 AW INE e NIRANINd N WBNNEAUANER LR WA

MNINTNT 5 LaRANA LA TIINEITas0 TR INIING B e AUANAT LRI AR
wu71 USanandunidianun Baduass uasfinealadesuvesmdndasimngasliunndiafy
¢ 19l sd A yn19add (P > 0.05) Frurugdunidianunvendniusioylutag 2.18x102
A9 7.0ax10? CFU/g Weflonaisaunannnszuaunslienudeussninanisndndigungd 803
ssrnwaldua annsotisanyTunngdunisisudulussuuemnsld uenaind malfusnuinde st
Agunnd 4+2 ssmwaldoa §a20vraan15193 YUosaunIdseninsnsAudnuvidndae
TudruvesBaduays wuiwnanstusnaniosndt 100 CFU/g vadivGinadinealadnesuiiatesnin

10 CFU/g Tunngns uansbiiiuinnssuiunsndndguanvaeia
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Abstract

Organic enrichment in sediments beneath green mussel rafts is an important
environmental problem in coastal aquaculture areas because it can lead to sediment
deterioration, sulfide accumulation, and changes in benthic faunal communities.
Bioremediation using native benthic organisms is therefore a promising approach for reducing
environmental impacts in coastal culture systems. This study aimed to evaluate the potential
of the polychaete Prionospio membranacea for bioremediation of organically enriched
sediments beneath green mussel rafts in Sriracha Bay, Chon Buri Province, Thailand. Adult
polychaetes were collected from organic-rich coastal sediments, induced to spawn under
laboratory conditions, and mass-cultured until the early benthic stage. The early benthic
stages were then released into sediments beneath green mussel rafts at a density of 400
individuals/m? and compared with a control area without polychaete addition. Bioremediation
performance was evaluated after 30 days based on growth, biomass increase, organic matter
content, sulfide concentration, and benthic faunal abundance. The results showed that
P. membranacea exhibited apparent recovery and establishment, grew, increased biomass,
and established a population in sediments beneath green mussel rafts. The addition of
P. membranacea reduced organic matter content by 38.53-46.05% and sulfide concentration
by 6.29-16.18% within 30 days. Non-netted plots tended to show higher reduction efficiency
than netted plots. These findings indicate that P. membranacea has potential as a native
bioremediation organism for improving organically enriched sediments in coastal mussel
culture areas. Further studies under different seasons, longer experimental periods, and
varying stocking densities are recommended to optimize its practical application in coastal

aquaculture management.

Keywords: Prionospio membranacea, bioremediation, organically enriched sediment, green

mussel raft, Sriracha Bay

1. Introduction

Coastal aquaculture plays a vital role in supporting local economies and ensuring food
security in coastal communities. In Thailand, green mussel (Perna viridis) culture is widely
practiced in several coastal areas. However, intensive coastal aquaculture may affect marine
environmental quality through the accumulation of organic matter derived from mussel
biodeposits, settled plankton, and other organic materials beneath culture areas. Excessive
organic enrichment in sediments can lead to sediment deterioration, oxygen depletion, sulfide
accumulation, and changes in benthic faunal communities, which are important indicators of
coastal ecosystem degradation (Pearson & Rosenberg, 1978; Diaz & Rosenberg, 1995;
Rosenberg, 2001).

Sriracha Bay, Chon Buri Province, is a coastal area that supports multiple human
activities, including coastal fisheries, urban development, industrial activities, and green mussel

raft culture. Organic matter accumulation beneath green mussel rafts has been observed in
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this area, where sediments are often characterized by fine muddy texture, dark color,
unpleasant odor, and high organic content. Under such conditions, some benthic fauna may
decline, whereas tolerant taxa, particularly certain polychaetes, often become dominant in
organically enriched sediments.

Bioremediation has received increasing attention as an environmentally friendly
approach for reducing the impacts of organic enrichment in marine ecosystems and
aquaculture systems. This approach relies on the biological activities of organisms that can
utilize organic matter, enhance decomposition processes, and modify sediment conditions
through movement, burrowing, tube construction, and sediment reworking. These activities
can improve oxygen exchange and promote biogeochemical processes in organically enriched
sediments (Alexander, 1994; Rosenberg, 2001; Gifford et al., 2007).

Polychaetes, particularly deposit-feeding species, are considered promising organisms
for sediment bioremediation. Polychaetes in the families Capitellidae, Nereididae, and
Spionidae are commonly found in organically enriched areas and play important roles in
organic matter decomposition and sediment bioturbation. Previous studies have
demonstrated that Capitella spp. can effectively reduce organic matter accumulation in
sediments affected by fish farming and coastal aquaculture activities (Tsutsumi et al., 1990;
Tsutsumi et al., 2002; Tsutsumi et al., 2005; Kinoshita et al., 2008). Nevertheless, the selection
of organisms for bioremediation should prioritize native species that are locally available, well
adapted to organic-rich conditions, and unlikely to create ecological risks associated with the
introduction of non-native species.

The polychaete Prionospio membranacea Imajima, 1990, formerly referred to as
Prionospio (Prionospio) membranacea Imajima, 1990, belongs to the family Spionidae and is
commonly found in organically enriched coastal sediments in Sriracha Bay, particularly
beneath green mussel rafts and in areas influenced by domestic wastewater. Previous work
also indicated that Prionospio spp., particularly P. membranacea, were abundant in high-
organic-content sediments beneath green mussel rafts, supporting their potential use as
locally available organisms for sediment bioremediation (To-orn, 2016). This species possesses
several biological characteristics suitable for bioremediation, including local occurrence, a
relatively short life cycle, the ability to reproduce and increase in abundance under organic-
rich sediment conditions, and feeding behavior associated with surface sediment organic
particles and suspended particles near the sediment-water interface (Fauchald & Jumars, 1979;
Dauer et al., 1981; To-orn, 2016).

A recent review on polychaete aquaculture has emphasized the increasing global
interest in culturing polychaetes for industrial aquaculture, alternative feed resources,
biotechnology products, and applications in integrated aquaculture and bioremediation
systems (Herrera-Perez & Ferrando, 2026). In this context, the development of mass-culture
techniques for locally available polychaete species is important for supporting practical
applications in environmental management. Previous laboratory-based studies have shown

that spionid polychaetes of the genus Prionospio, particularly P. membranacea, have potential
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for the bioremediation of organically enriched sediments beneath green mussel rafts by
converting sedimentary organic matter into biomass and reducing organic matter content in
sediment (To-orn, 2016; To-orn & Paphavasit, 2017). However, To-orn & Paphavasit (2017)
focused mainly on a laboratory-based experiment under controlled conditions, whereas the
present study extends this previous work to a field application using mass-cultured early
benthic stages of P. membranacea under actual green mussel raft conditions. Therefore, the
novelty of the present study lies in its field-based evaluation of mass-cultured
P. membranacea, considering not only polychaete biomass and sediment organic matter
reduction, but also sulfide concentration and benthic faunal composition after field
application. This study aimed to evaluate the potential of P. membranacea for bioremediation
of organically enriched sediments beneath green mussel rafts in Sriracha Bay, Chon Buri

Province, Thailand.

2. Materials and methods
2.1 Study area and experimental organism

This study was conducted from November to December 2016 in Sriracha Bay, Sriracha
District, Chon Buri Province, Thailand, a coastal area where green mussel (Perna viridlis) raft
culture has been continuously practiced. The experimental site was located beneath green
mussel rafts approximately 800 m from the shoreline. Prior to the field experiment, baseline
conditions of the study area were recorded, including sediment appearance, sediment texture,
total organic matter, sulfide concentration, and benthic faunal composition. Basic water
quality conditions during the study period were also recorded, with water temperature ranging
from 27.11 to 27.70°C, salinity from 30.95 to 31.26, water pH from 8.18 to 8.55, dissolved
oxygen from 3.95 to 5.56 mg/L, and water depth from 4.80 to 5.51 m. The sediments beneath
the rafts were characterized by fine muddy texture, yellowish-green to dark coloration, and
an odor associated with the accumulation of organic matter from mussel culture activities.

The experimental organism used for bioremediation was the spionid polychaete
P. membranacea Imajima, 1990, which belongs to the phylum Annelida, class Polychaeta, and
family Spionidae. This species is commonly found in organically enriched coastal sediments
in Sriracha Bay. Species identification was confirmed based on diagnostic morphological
characteristics following Imajima (1990) and To-orn (2016), particularly the branchial
arrangement and chaetal characteristics of P. membranacea. Adult polychaetes were
collected from oreganic-rich coastal sediments and selected as broodstock for laboratory mass

culture prior to field application.

2.2 Mass culture of polychaetes
Mature individuals of P. membranacea were sexed, and reproductively mature males
and females were selected for induced spawning under laboratory conditions. The mass-
culture procedure followed the approach previously developed for Prionospio polychaetes

by To-orn (2016). After fertilization, the larvae were collected and reared continuously for
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approximately 30 days until they reached the early benthic stage, which was considered
suitable for release into sediments beneath green mussel rafts for bioremediation purposes.
In this study, the “early benthic stage” refers to post-larval P. membranacea that had
completed the planktonic larval phase, settled onto the substrate, and begun a benthic mode
of life. At this stage, the individuals were capable of crawling or remaining on the sediment
surface and were considered suitable for field release.

The apparent recovery and establishment of P. membranacea in the experimental
plots were evaluated 30 days after release based on the abundance of P. membranacea
recorded in the treatment plots in relation to the initial release density of 400 individuals/m?2,
the pre-experimental baseline, and the control raft. Because P. membranacea naturally
occurs in Sriracha Bay and the released individuals were not individually marked, the
abundance recorded after the experiment was not interpreted as a true survival rate of

released individuals alone.

2.3 Field experimental design

The field experiment was conducted beneath three green mussel rafts. Each raft
covered an approximate sediment area of 1,600 m2. Raft A was designated as the control area
without polychaete addition, whereas rafts B and C were used as experimental areas where
P. membranacea was added to the sediments beneath the mussel rafts.

Rafts B and C were selected as separate experimental rafts located within the same
green mussel culture area and were subjected to the same field treatment. These rafts were
used to represent field treatment areas under comparable raft-culture conditions rather than
fully independent randomized replicates.

Each treatment raft was divided into two field plots of approximately 800 m? each. In
raft B, plot B1 was assigned as the non-netted plot, whereas plot B2 was assigned as the
netted plot covered with a 1.0-mm mesh net over the sediment surface. Similarly, in raft C,
plot C1 was assigned as the non-netted plot, whereas plot C2 was assigned as the netted plot
(Figure 1). The distance among rafts was approximately 20 m. No formal buffer strips were
established within each raft; however, the non-netted and netted plots were arranged as
separate halves of the sediment area beneath each raft to reduce direct interference between
treatments. The field layout was constrained by the raft structure, diver accessibility, and
sediment conditions beneath the green mussel rafts.

The netted plots were established to reduce predator access and to evaluate whether
physical protection could enhance the establishment and apparent recovery of the released
P. membranacea under field conditions. Potential predators or organisms that may disturb
the released polychaetes in the study area included predatory polychaetes, such as Nereis
sp. and Diopatra sp., nemerteans, amphipods, and other mobile benthic or demersal
organisms that may consume or disturb small benthic polychaetes. A netted control plot
without polychaete addition was not included because the main objective of the study was

to evaluate the field application of mass-cultured P. membranacea with and without net
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protection. However, it is acknowledged that netting itself may influence water circulation,
oxygen exchange, sediment deposition, predator access, and sediment conditions. Therefore,
the effects observed in the netted plots should be interpreted as the combined effects of
P. membranacea addition and net protection, rather than the effect of polychaete addition alone.

Early benthic stages of P. membranacea were released into the sediments by scuba
diving at an initial density of 400 individuals/m2. The initial release density of 400
individuals/m? was selected based on previous laboratory findings and field observations of
spionid polychaetes in Sriracha Bay. Previous studies reported that P. membranacea naturally
occurred in organically enriched sediments in Sriracha Bay, with densities ranging from 13 to
655 individuals/m?, and that a density equivalent to 400 individuals/m? showed high potential
for organic matter reduction and biomass production under laboratory conditions (To-orn &
Paphavasit, 2017). Therefore, this stocking density was selected for the present field
application trial.

Because each treatment plot covered approximately 800 m?, the estimated number
of polychaetes released into each plot was approximately 320,000 individuals. Therefore,
approximately 320,000 individuals were released into each of B1, B2, C1, and C2,
corresponding to approximately 640,000 individuals per treatment raft and approximately
1,280,000 individuals in total across all treatment plots. The experiment was monitored for

one month after release.

®

Sriracha Baj:z

Bang Phra
. ; fishery
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B1, C1 = Non-netted plots
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Figure 1 Study area and schematic diagram of the field experimental design beneath green
mussel rafts in Sriracha Bay, Chon Buri Province. A = control raft without polychaete
addition; B and C = treatment rafts receiving Prionospio membranacea addition; B1
and C1 = non-netted plots; B2 and C2 = netted plots covered with a 1.0-mm mesh

net over the sediment surface. Adapted from To-orn and Intarachart (2016).
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2.4 Sediment and benthic fauna sampling

Sediment and benthic fauna samples were collected from the control and
experimental areas before the experiment to establish baseline conditions. Sampling was
repeated after one month to compare changes in sediment quality and benthic faunal
communities. Sediment and benthic fauna samples were collected using an Ekman grab with
an opening size of 15 x 15 cm, corresponding to a sampling area of 225 cm? or 0.0225 mZ.
Initial observations indicated that the sediments beneath the control and experimental rafts
were generally comparable in terms of muddy texture, organic enrichment, sulfide
accumulation, and dominance of deposit-feeding polychaetes. However, because the
experiment was conducted under actual green mussel raft conditions and included limited
raft-level replication, baseline comparability among rafts was interpreted descriptively rather
than as evidence from a fully randomized experimental design.

For benthic fauna analysis, three grab samples were collected from each sampling
area. The collected sediments were sieved through a 0.5-mm mesh sieve to retain
macrobenthic organisms. The retained organisms were preserved in 10% neutral formalin and
transported to the laboratory for further analysis. In the laboratory, benthic fauna samples
were sorted, washed, counted, and identified to appropriate taxonomic groups under a
stereomicroscope. Benthic faunal abundance was calculated as individuals per square meter
by dividing the number of individuals collected in each grab sample by the sampling area of
the Ekman grab (0.0225 m?), and the results were expressed as individuals/m?.

For sediment quality analyses, three additional grab samples were collected from each
sampling area. Surface sediment from the upper approximately 3 cm of each grab sample was
subsampled and used for the analysis of total organic matter and acid volatile sulfide.
Sediment subsamples were placed in clean containers and transported to the laboratory for
subsequent analysis. Acid volatile sulfide (AVS) was analyzed using an AVS Test Column
following the manufacturer’s procedure for sediment sulfide analysis. Wet sediment
subsamples were placed into the test column, and sulfide concentration was determined
according to the reading procedure provided with the test kit. AVS concentrations were
calculated on a dry-weight basis and expressed as mg/g dry weight. The composition and
abundance of benthic fauna, as well as sediment quality variables, were then evaluated

before and after the experiment.

2.5 Analysis of organic matter and sulfide in sediment
Total organic matter (TOM) in sediment was analyzed using the ignition loss method
following Nelson and Sommers (1982). Prepared sediment samples were dried and combusted
at high temperature, and the loss in sample weight after combustion was calculated as the
percentage of total organic matter in the sediment. Sediment sulfide was assessed as acid
volatile sulfide (AVS), which was used as an indicator of sediment conditions affected by
organic matter accumulation and reducing conditions. Changes in TOM and AVS before and

after the experiment were used to evaluate the bioremediation efficiency of P. membranacea.
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2.6 Growth and biomass assessment
After 30 days, P. membranacea individuals were collected from the experimental plots
to evaluate apparent recovery, establishment, growth, and biomass increase. Body length and
body width were measured, the number of chaetigers was counted, and body weight or
biomass was assessed for polychaetes collected from each experimental plot. These
parameters were used as indicators of population establishment and utilization of organic

matter in sediments beneath green mussel rafts.

2.7 Evaluation of bioremediation efficiency
The bioremediation efficiency of P. membranacea was evaluated using four main
indicators: (1) increases in body length, body width, number of chaetigers, and biomass of the
polychaetes; (2) reduction in total organic matter (TOM) in the sediment; (3) reduction in
sediment sulfide concentration; and (4) changes in the composition and abundance of benthic
fauna. The use of multiple indicators allowed the assessment of bioremediation performance

in terms of both sediment quality improvement and benthic faunal response.

2.8 Statistical analysis

Quantitative data, including body length, body width, number of chaetigers,
polychaete biomass, total organic matter, sulfide concentration, and benthic faunal
abundance, were presented as mean + standard deviation (mean + SD). Statistical analyses
were performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA). For statistical
analyses, sampling plots within each raft were treated as field sampling units for comparing
sediment quality and benthic faunal responses among the control and treatment areas.
However, because the field design included one control raft and two treatment rafts without
randomized raft-level replication, these sampling plots should not be interpreted as fully
independent experimental units at the raft level. Therefore, the results should be interpreted
as a field application trial rather than a fully replicated randomized experiment.

Data from B1 and C1, as well as B2 and C2, were not pooled as single replicated
treatment groups for statistical inference. Instead, these plots were presented separately to
show the response patterns of the non-netted plots (B1 and C1) and the netted plots (B2 and
C2) under comparable treatment conditions. Because the field experiment was conducted
under actual green mussel raft conditions and did not include fully randomized raft-level
replication, pooling data from different rafts could overestimate the degree of replication.
Therefore, comparisons were interpreted cautiously as trends observed in a field application
trial rather than as results from fully independent pooled experimental replicates.

Differences in variables were analyzed separately for relevant comparisons, including
comparisons between the control and experimental areas and comparisons between pre- and
post-experimental conditions within the limitations of the field design. When data satisfied the

assumptions of normality and homogeneity of variance, one-way analysis of variance (ANOVA)
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was applied, followed by Tukey’s Honestly Significant Difference (HSD) test for post-hoc
multiple comparisons. Statistical significance was set at p < 0.05.

Two-way ANOVA or repeated measures analysis was not applied because the
experimental design was not a fully balanced factorial design with randomized raft-level
replication, and the before—after observations were not structured as repeated measurements
of fully independent experimental units at the raft level. Therefore, the statistical results were
used as supporting evidence for evaluating the field application of P. membranacea rather

than as inference from a fully replicated factorial or repeated-measures experiment.

3. Results and discussion
3.1 Growth and biomass increase of Prionospio membranacea in sediments beneath
green mussel wafts

The results showed that, after the release of early benthic stages of P. membranacea
into sediments beneath green mussel rafts for 30 days, the polychaetes were able to establish,
grow, and increase their biomass in both non-netted and netted sediment plots. Body length,
body width, number of chaetigers, and body weight significantly increased after the
experiment compared with the initial values (p < 0.05) (Figure 2). The growth responses were
presented according to plot condition, with B1 and C1 representing non-netted plots and B2
and C2 representing netted plots. The average increase in body length ranged from 11.30 to
11.32 mm, while body width increased by 0.365-0.370 mm. The number of chaetigers
increased by 37-38 chaetigers, and body weight increased by 0.0020-0.0022 ¢ within 30 days.

When comparing non-netted and netted plots, the growth parameters showed similar
increasing trends. This indicates that sediment conditions beneath green mussel rafts in both
treatments were suitable for the growth of P. membranacea individuals recorded after release.
These results suggest that this polychaete species can utilize organic matter accumulated in
the sediment as a food source and convert it into its own biomass, which is an important
characteristic of benthic deposit feeders.

The increase in the number of chaetigers, together with increases in body length, body
width, and body weight, indicates that P. membranacea established after release and
continued to grow, maintain its presence, and increase biomass in the experimental areas
within 30 days. This characteristic is important for its potential use as a bioremediation
organism, as biomass increase in polychaetes is associated with the removal of organic matter
from sediments through feeding, srowth, and sediment-reworking activities. These processes
are further linked to the reduction of organic matter and sulfide concentrations in the

following sections.
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Figure 2 Growth and biomass increase of Prionospio membranacea after 30 days in sediments
beneath green mussel rafts: (A) body length, (B) body width, (C) number of chaetigers,
and (D) body weight in plots B1, B2, C1, and C2 before the experiment and after 30
days. B1 and Cl1 represent non-netted plots, whereas B2 and C2 represent netted
plots. Values are presented as mean + SD. Different letters above bars indicate
significant differences between before experiment and after 30 days within each plot
(p < 0.05).

At the end of the 30-day field experiment, the abundance of P. membranacea in the
treatment plots indicated apparent recovery and establishment after release. Because
P. membranacea occurs naturally in Sriracha Bay and the released individuals were not
individually marked, the observed abundance after the experiment should not be interpreted
as a true survival rate of released individuals alone. Instead, the establishment of
P. membranacea was interpreted in relation to the initial stocking density, the pre-
experimental baseline, and the control raft. Although the apparent recovery under field
conditions was not high, the individuals recorded in the treatment plots were able to grow

and increase biomass during the experimental period.

3.2 Reduction of organic matter content in sediments beneath green mussel rafts

The mean organic matter content in sediments beneath green mussel rafts before the
experiment was 5.25 + 0.04%. After 30 days, the control raft without the addition of
P. membranacea (raft A) had a mean organic matter content of 4.63 + 0.06%, which was not
significantly different from the initial value (p > 0.05). In contrast, the experimental rafts B and
C, where P. membranacea was added, showed a significant reduction in sediment organic
matter content after 30 days (p < 0.05) (Figure 3A). The organic matter contents in B1, B2, C1,
and C2 were 2.45 + 0.23%, 2.80 + 0.24%, 2.32 + 0.21%, and 2.72 + 0.19%, respectively,
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corresponding to reductions of 44.01%, 38.53%, 46.05%, and 39.789%, respectively. These
results indicate that the addition of P. membranacea was associated with a reduction of
organic matter in sediments beneath green mussel rafts within 30 days. The non-netted plots
tended to show greater reductions in organic matter content than the netted plots.

The reduction in organic matter content may be attributed to the feeding activity,
movement, and sediment-reworking behavior of the polychaetes. These activities can increase
contact between organic particles, oxygen, and sediment-associated microorganisms, thereby
enhancing organic matter decomposition in the sediment (Fauchald & Jumars, 1979;
Alexander, 1994; Rosenberg, 2001). The present findings are consistent with previous studies
by Tsutsumi et al. (2002), Tsutsumi et al. (2005), and Kinoshita et al. (2008), which reported
that deposit-feeding polychaetes can reduce organic matter accumulation in aquaculture

sediments.

3.3 Reduction of sulfide concentration in sediments beneath green mussel rafts

The mean sulfide concentration in sediments beneath green mussel rafts before the
experiment was 0.37 + 0.01 mg/g dry weight. After 30 days, the control raft without the
addition of P. membranacea (raft A) had a mean sulfide concentration of 0.34 + 0.06 mg/g
dry weight, which was not significantly different from the initial value (p > 0.05). In contrast,
the experimental rafts B and C, where P. membranacea was added, showed a significant
reduction in sediment sulfide concentration after 30 days (p < 0.05) (Figure 3B). The sulfide
concentrations in B1, B2, C1, and C2 were 0.28 + 0.01, 0.31 + 0.01, 0.29 + 0.01, and 0.32 + 0.01
me/g dry weight, respectively, corresponding to reductions of 16.18%, 8.09%, 14.38%, and
6.29%, respectively. These results indicate that the addition of P. membranacea was
associated with a reduction in sulfide concentration in sediments beneath green mussel rafts

within 30 days. The non-netted plots tended to show greater reductions in sulfide
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Figure 3 Changes in sediment quality beneath green mussel rafts after bioremediation using
mass-cultured P. membranacea: (A) organic matter content in sediment (%) and (B)
sulfide concentration in sediment (mg/g dry weight). A = control; B1 and C1 = non-netted
plots; B2 and C2 = netted plots. Values are presented as mean =+ SD. Different letters

above bars indicate significant differences among sampling areas after 30 days (o < 0.05).
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concentration than the netted plots, which was consistent with the trend observed for
sediment organic matter reduction.

The initial sediment organic matter content in this study was 5.25 + 0.04%, suggesting
substantial accumulation of organic material in the muddy sediments beneath green mussel
rafts. Because sediment organic matter thresholds vary among coastal environments, sediment
types, and analytical methods, the organic matter value was interpreted together with
sediment appearance, odor, sulfide concentration, and benthic faunal composition. The initial
sulfide concentration was 0.37 + 0.01 mg/g dry weight, indicating sulfide accumulation in the
organically enriched muddy sediments. When interpreted together with sediment
characteristics, organic matter content, and benthic faunal composition, the sediments
beneath the green mussel rafts in the present study can be interpreted as organically enriched
and moderately sulfide-accumulated sediments rather than severely degraded sediments. The
reductions in organic matter and sulfide concentrations after the addition of P. membranacea
suggest that this species was associated with sediment quality improvement under organically
enriched conditions.

Excessive organic matter accumulation in sediments can increase microbial oxygen
consumption and promote hypoxic or anoxic conditions. Under such conditions, anaerobic
sulfate reduction may lead to the production and accumulation of hydrogen sulfide, which is
toxic to many benthic organisms. These changes can alter benthic community structure by
reducing sensitive taxa and favoring tolerant or opportunistic deposit feeders. Therefore, the
reductions in organic matter and sulfide concentrations observed after the addition of
P. membranacea may represent an improvement in sediment conditions and benthic habitat
quality beneath green mussel rafts.

The reduction in sulfide concentration after the addition of P. membranacea may be
associated with the burrowing, movement, and bioirrigation activities of the polychaetes.
These activities can enhance oxygen diffusion from the sediment surface into deeper sediment
layers. Increased oxygen penetration can reduce strongly reducing conditions in the sediment,
thereby decreasing sulfide accumulation. In organically enriched sediments, sulfide is mainly
produced through microbial sulfate reduction under anaerobic conditions, where organic
matter serves as an important substrate for microbial decomposition. The burrowing and
bioirrigation activities of P. membranacea may enhance the transport of oxygenated water
into the sediment, thereby promoting the re-oxidation of reduced sulfur compounds such as
sulfide to more oxidized sulfur forms. At the same time, the reduction of organic matter may
limit the substrate available for anaerobic sulfate reduction. These processes suggest that
P. membranacea may contribute to sulfur cycling in the sediment by reducing sulfide
production and enhancing sulfide oxidation through bioturbation and bioirrigation. These
mechanisms are consistent with the roles of deposit-feeding and burrowing polychaetes in
improving sediment conditions through bioturbation, bioirrigation, and changes in sediment

redox conditions (Pearson & Rosenberg, 1978; Hutchings, 1998; Rosenberg, 2001).
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The present findings are consistent with previous laboratory-based studies on spionid
polychaetes, particularly P. membranacea and P. pulchra, which demonstrated their ability
to convert sedimentary organic matter into biomass and reduce organic matter content in
organically enriched sediments beneath green mussel rafts (To-orn & Paphavasit, 2017). These
findings support the role of spionid polychaetes as surface or interface deposit feeders that
can utilize organic particles in sediments and contribute to sediment reworking. In addition,
spionid feeding and burrowing activities may influence sediment conditions through particle
reworking, tube construction, and bioirrigation, although direct evidence for sulfide reduction
by spionid polychaetes remains limited. Therefore, the reduction in sulfide concentration
observed in the present field trial may be indirectly related to the combined effects of organic
matter reduction, sediment reworking, and enhanced oxygen penetration associated with the
activity of P. membranacea. Previous studies on other deposit-feeding polychaetes,
particularly Capitella spp., have also shown that polychaete biological activities can reduce
the impacts of organic matter accumulation and improve sediment chemical characteristics in
aquaculture systems (Chareonpanich et al., 1993; Tsutsumi et al., 2002; Kinoshita et al., 2008).
However, the percentage reduction in sulfide concentration in this study was lower than the
reduction in organic matter content, suggesting that sulfide may respond more slowly to
changes in sediment redox conditions, oxygen availability, and anaerobic decomposition
processes. Therefore, longer monitoring periods and further studies focusing specifically on
sulfur dynamics are required to clearly evaluate sediment improvement through P.

membranacea-mediated bioremediation.

3.4 Abundance of benthic fauna beneath green mussel rafts

The abundance of benthic fauna beneath green mussel rafts was examined before and
after the application of mass-cultured P. membranacea for bioremediation. The benthic
faunal community in the study area reflected organically enriched sediment conditions, with
deposit-feeding polychaetes being the dominant group. The major taxa included
P. membranacea, Scoloplos sp., Aricidea sp., Cirratulus sp., and Notomastus sp. Predatory
polychaetes, such as Nereis sp. and Diopatra sp., as well as other benthic fauna, including
Nemertea, Amphipoda, and bivalves, were present in relatively low abundance.

Before the experiment, the total abundance of benthic fauna beneath the green
mussel rafts was 1,439 individuals/m?, and the community was dominated by several
polychaete taxa, particularly P. membranacea, Scoloplos sp., and Aricidea sp. In terms of
benthic faunal diversity, the community was composed mainly of several polychaete taxa
with different feeding and ecological functions, including deposit-feeding spionids, orbiniids,
cirratulids, and capitellids, together with predatory polychaetes and other benthic
invertebrates. Although deposit-feeding polychaetes were dominant, the occurrence of
multiple taxa indicates that the sediments beneath green mussel rafts still supported a

benthic faunal assemblage composed of both tolerant and opportunistic groups.
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Because P. membranacea occurs naturally in Sriracha Bay, the individuals recorded
after the experiment may have included both naturally occurring individuals and released
individuals that established in the treatment plots. Therefore, the abundance of
P. membranacea was interpreted in relation to the pre-experimental baseline and the control
raft, rather than as the survival of released individuals alone.

After 30 days, the control raft without P. membranacea addition (raft A) had a total
benthic faunal abundance of 1,567 individuals/m?. In contrast, the experimental plots B1, B2,
C1, and C2 had total abundances of 2,983, 1,733, 2,883, and 1,717 individuals/m?, respectively
(Figure 4). When P. membranacea was considered separately, its abundance clearly increased
in the plots where the polychaetes were added. The abundances of P. membranacea in B1,
B2, C1, and C2 were 1,583, 1,417, 1,750, and 1,333 individuals/m?, respectively, whereas only
267 individuals/m? were recorded in the control raft. The increase in total benthic abundance
was mainly associated with the establishment and growth of P. membranacea in the
treatment plots, while other benthic taxa remained present at lower abundance. This pattern
suggests that the bioremediation treatment was associated with increased abundance of the

target deposit-feeding polychaete without completely replacing the existing benthic faunal

assemblage.
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Figure 4 Abundance and composition of benthic fauna beneath green mussel rafts before the
experiment and after 30 days of bioremediation using mass-cultured Prionospio
membranacea. A = control raft; B1 and C1 = non-netted plots; B2 and C2 = netted

plots. Abundance is expressed as individuals/m?.

These results indicate that mass-cultured P. membranacea showed apparent
establishment, increased abundance, and growth in sediments beneath green mussel rafts
within 30 days. In addition, the non-netted plots, B1 and C1, tended to show higher total
benthic faunal abundance and higher abundance of P. membranacea than the netted plots,

B2 and C2. This pattern may be related to better water circulation and oxygen exchange in
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the non-netted plots, which may have provided more favorable conditions for the
establishment and biological activities of the polychaetes in the sediment.

The composition of benthic fauna observed in this study was consistent with the
characteristics of organically enriched habitats, where opportunistic polychaetes and deposit
feeders often become dominant (Pearson & Rosenberg, 1978; Dauer, 1993; Diaz & Rosenberg,
1995). In particular, P. membranacea, Scoloplos sp., and Aricidea sp. are taxa that can tolerate
organic-rich sediment conditions. Some of these taxa have also been reported from coastal
areas of Sriracha Bay affected by organic matter accumulation in sediments (To-orn &
Paphavasit, 2003). The increase in P. membranacea in the experimental plots therefore
supports the potential of this species as a native benthic organism capable of utilizing
sedimentary organic matter and contributing to bioremediation beneath green mussel culture
systems.

However, the changes in benthic faunal communities observed in this study should be
interpreted as short-term responses within a 30-day field application trial. This period was
sufficient to detect initial changes in the abundance and establishment of P. membranacea,
as well as associated reductions in sediment organic matter and sulfide concentrations.
Nevertheless, it was not long enough to evaluate long-term bioremediation performance,
population persistence, seasonal variation, or successional changes in benthic community
structure. Longer-term monitoring over several months and across different seasons is
therefore needed to determine whether the increase in P. membranacea, together with
reductions in organic matter and sulfide, can lead to sustained sediment quality improvement

and broader recovery of benthic community structure beneath green mussel rafts.

3.5 Overall bioremediation efficiency and mechanisms of Prionospio membranacea
The overall results indicate that the biological activities of P. membranacea were
associated with reductions in organic matter and sulfide concentrations in sediments beneath
green mussel rafts. The bioremediation efficiency appeared to be related to the increase in
abundance, apparent establishment, and biomass of this species in the experimental plots.
After the addition of P. membranacea, the experimental rafts B and C showed reductions in
sediment oreanic matter and sulfide concentrations relative to the control raft A, where no
polychaetes were added (p < 0.05). These results suggest that the establishment of
P. membranacea in the sediment may enhance bioremediation processes under field conditions.
Relative to the control raft A, the non-netted plot in raft B (B1) showed 1.89-fold and
1.21-fold reductions in organic matter and sulfide concentrations, respectively, whereas the
netted plot (B2) showed 1.65-fold and 1.05-fold reductions, respectively. In raft C, the non-
netted plot (C1) showed 2.00-fold and 1.17-fold reductions in organic matter and sulfide
concentrations, respectively, whereas the netted plot (C2) showed 1.70-fold and 1.01-fold
reductions, respectively. These results are consistent with the trends observed in the previous
sections, in which non-netted plots tended to show higher reduction efficiency than netted

plots. This pattern may be related to better water exchange and oxygen availability at the
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sediment surface, as well as less restriction on polychaete movement and sediment-reworking
activities in the non-netted plots.

The main mechanisms underlying the bioremediation potential of P. membranacea
are likely related to its feeding activity, movement, burrowing behavior, and tube construction
in the sediment. Deposit-feeding polychaetes can utilize organic particles in sediments as food
and convert part of the sedimentary organic matter into their own biomass. At the same time,
their movement and burrowing activities promote sediment bioturbation and bioirrigation,
which enhance oxygen exchange between the sediment surface and deeper sediment layers.
These processes can stimulate microbial activity associated with organic matter decomposition
and reduce strongly reducing conditions that favor sulfide accumulation in the sediment
(Fauchald & Jumars, 1979; Dauer et al., 1981; Rosenberg, 2001).

The present field study is consistent with previous laboratory findings, which
demonstrated that P. membranacea was more efficient than Prionospio pulchra in converting
organic waste from enriched sediments into biomass and had potential as a bioremediator for
organically enriched sediments beneath green mussel rafts (To-orn & Paphavasit, 2017).
Therefore, the present study provides additional field-based evidence for the potential
application of mass-cultured P. membranacea under actual green mussel raft conditions in
Sriracha Bay.

When bioremediation efficiency was evaluated in relation to the apparent recovery,
establishment, and growth of P. membranacea in the experimental plots, the initial stocking
density of 400 individuals/m? resulted in the occurrence and increased abundance of
P. membranacea after 30 days. Because P. membranacea naturally occurs in Sriracha Bay and
the released individuals were not individually marked, the abundance recorded after the
experiment should not be interpreted as a true survival rate of released individuals alone.
Instead, the abundance of P. membranacea after the experiment was interpreted in relation
to the pre-experimental baseline and the control raft. Under these field conditions, sediment
organic matter decreased by 38.53-46.05%, while sulfide concentration decreased by
6.29-16.18% in the experimental plots. Although the apparent recovery of P. membranacea
under field conditions was not high, the individuals recorded in the treatment plots were able
to grow, increase biomass, and perform biological activities that contributed to sediment
improvement. The relatively low apparent recovery may be associated with several field-
related factors, including predation, movement or dispersal of individuals away from the
release plots, hydrodynamic disturbance beneath the rafts, and variation in sediment
conditions. These findings suggest that P. membranacea has potential as a native
bioremediator for organically enriched sediments beneath green mussel rafts.

Nevertheless, the practical application of P. membranacea at the field scale should
consider several factors, including apparent recovery, establishment success, stocking density,
season, water circulation, thickness of the organic-rich sediment layer, and the abundance of
predators or benthic organisms that may interfere with population establishment. Future

studies should evaluate different stocking densities, extend the monitoring period beyond 30
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days, and compare seasonal conditions in order to optimize the use of P. membranacea as a
sediment management tool for coastal green mussel culture systems.

It should be noted that the present study was conducted as a field-based application
trial under actual green mussel raft conditions. The experimental design had limitations in
terms of raft-level replication and randomization, as one raft was used as the control area and
two rafts were used as treatment areas receiving P. membranacea addition. Therefore, some
degree of pseudoreplication may be present, and the plots within each raft should be
interpreted as field sampling plots within the same raft environment rather than fully
independent randomized replicates. Although the observed reductions in sediment organic
matter and sulfide concentration, together with the increase in P. membranacea abundance
and biomass, provide useful field-based evidence on the potential of mass-cultured
P. membranacea for improving organically enriched sediments beneath green mussel rafts,
the results should be interpreted with caution. Further studies with greater raft-level
replication, randomized treatment allocation, and repeated trials across different seasons and
environmental conditions are needed to confirm the effectiveness and broader applicability
of this bioremediation approach.

Another limitation of the field design was the absence of a netted control plot without
P. membranacea addition. The netted plots were intended to reduce access by potential
predators or disturbing organisms, including predatory polychaetes such as Nereis sp. and
Diopatra sp., nemerteans, amphipods, and other mobile benthic or demersal organisms.
However, netting may also affect water circulation, oxygen exchange, sediment deposition,
and sediment redox conditions. Therefore, the responses observed in the netted plots may
reflect the combined effects of polychaete addition and net protection, as well as possible
changes in sediment conditions caused by the net itself. Future studies should include both
netted and non-netted controls to separate the effects of netting from those of

P. membranacea bioremediation.

4. Conclusion

This study demonstrated that the mass-cultured polychaete P. membranacea has
potential as a bioremediation organism for organically enriched sediments beneath green
mussel rafts in Sriracha Bay, Chon Buri Province. The polychaetes showed apparent recovery
and establishment, grew, and increased biomass in the sediments within 30 days after release.
The initial stocking density of 400 individuals/m? was associated with reductions in sediment
organic matter and sulfide concentrations in the experimental plots. The non-netted plots
tended to show higher bioremediation efficiency than the netted plots, although this pattern
should be interpreted with caution because a netted control plot without P. membranacea
addition was not included. These findings suggest that the feeding, movement, burrowing, and
sediment-reworking activities of P. membranacea were associated with the improvement of
sediment quality beneath green mussel culture systems. Therefore, this species may be

considered for application as a native benthic organism for managing environmental impacts
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from coastal aquaculture. However, because this study was conducted as a field application
trial with limited raft-level replication and without randomized treatment allocation, the
findings should be interpreted with caution. Further replicated and randomized field studies
across different seasons and environmental conditions, longer monitoring periods, and varying
stocking densities are recommended to confirm the bioremediation potential of P. membranacea

and support its practical application beneath green mussel rafts.
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Abstract

This research aims to develop and evaluate an intelligent resume generation system
capable of adapting content to specific job requirements by integrating artificial intelligence
with a serverless edge computing architecture. The system was developed using Next.js,
Tailwind CSS, Hono Framework on Cloudflare Workers, and Cloudflare D1, together with the Gemini
2.5 Flash API for automated resume content analysis, recommendation, and summarization. The
results indicate that the proposed system successfully supports the complete resume creation
process, including information input, template selection, Al-assisted processing, and PDF
export. The system also demonstrated fast response performance through the Cloudflare Edge
Network. Overall performance evaluation was at a high level (X = 3.94, SD. = 1.00) The
highest-rated item was the appropriateness of colors, web tone, and font sizes (x = 4.38,S.D.
= 0.83), followed by the rapid response of the web application (X = 4.22, S.D. = 0.94), and the
accurate real-time resume preview (x = 4.19, S.D. = 1.00). The findings demonstrate that the

developed system can significantly enhance resume creation efficiency and highlight the
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potential of integrating artificial intelligence with modern web applications for future intelligent

system development.

Keywords: Resume, Intelligent Resume Builder, Generative Artificial Intelligence, Modern Web

Architecture
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aa

2.4 MSIATITINEDA

Aemeitoyafeadffiugiu Taeisuinasimulananuiuinaves g3 wdshug (2564)
(5% 4.50-5.00 = 1AFign, 3.50-0.49 = 3117, 2.50-3.49 = Urunans, 1.50-2.49 = tiee, 1.00-1.49 =
tioeiign)

1. Anads (Mean: X) ldusumanatsuespzuuunsussiiulssansnmuesszuuiuned
wantu uazauianelavedldau
¥ x
n
2. dhudsaiuuanmsgiu (Standard Deviation: 5.0.) lddmiuinnisnszanesvesdoya

X =

3. Afevay (Percentage) Idmiunansdndrutoyaniluvesinouwuuasuny
Percentage = (ﬁ) X 100
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{ OBXXXHEXHK ] [ email@example com J
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{ fAagjlouu J
Sadodt uas: o LG + iutsvmodado
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Tng English

moms / uudatio v
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] 4 M Al tombuunus:5a
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< Resumate CURRENT TEMPLATE: CLASSIC TH EN D Boninuiwaa (Select Template) &, dhsoodoya (JSON) [3) Download PDF
0 daudon
Contact Info Save Data
) e irst Name * XA
[ ANANYA J 0820858524 | 66027045y weien auoowsen |
) Experience / Projects Facebook: w o/l 1FM4YSHpag/7m il
Last Name *
= skills
P
[ SUPAKORN 1 9 SUMMARY
f] Certifications
Job Tit wpusduamsAnumnainAluladasaung u 5 Sullaunjodufoshnnusg du
@ Languages : [iea—— wadwThbugsssuna s JuBroade: Eoratooamn
XUl ] 2610 Figma na: Canva sauffo Microsolt Word Sotsslumsdomsuaiiauaioyaldotholus:anEmw
© Education washéogala doornumsdomsid msthoburiu msusmsdamsiom nazmowiBuih Suwsauusuda
WnfumsrhowAusadwsia:daasunaunoatnassATdod s 30§ aGuAUNS:005asu

[aw:w\ 1loow:1En ] EXPERIENCE
umSnenduwaen
Shone Ema
= = Resume
[ 0820898524 ] { 66027045@up.ac.th ] Led the development of & 5-step resume builder, enabling inexperienced job seekers to tailar
content for specific roles and overcome apphication barriers, while also devising a strategic roadmap
to integrate Al for personalized context analysis, enhance ATS semantic metching, and optimize
Nationality Birth Date respansive template display, projected to increase successful applications by
Thai (Tne)) 24/10/2547 (=]
EDUCATION HARD SKILLS (finuznio5ui8w)

AN 7 fegensldnussuuass wanensUeudeyad U iuiunsLanINaLs gl UUIa1aS

ANANYA SUPAKORN
uxs/un

0820898524 | 66027045@up ac th | 2 waen a10o0wsen | HIERENTRE] B suidindiu POF
Facebook: www facebook com/share/IFM4YSHpag/?mibextid=wwXfr

v'fonun
SUMMARY

WS msAnnnainAluladaisaung ukisnedewsen duaougotiurohaouguaAnu:du

asnaLUS:ENATBLRDA: 5 sua:daoum SudaouBuamniumsiiingseiaooniuy FuruminAaLsy

2t Figma ua: Canva sautio Microsoft Word doustlumsdoasuasiiauatayaldothodus:ansmw
ua:thdogola dourinu:msdomsid msrhwuduriv msusmsSamsioa uasaouluduh Suwiauuiud
Wnfiumsrionur a JF iy iSouacdouadunssdatosu

TpzHaAl Aue

EXPERIENCE

fdan anfiafunds
urKSnendowsen

Resume
Led the development of a 5-step resume builder, enabling inexperienced job seekers to tailor
content for specific roles and overcome application barriers, while also devising a strategic roadmap
to integrate Al for parsonalized context analysis, enhance ATS semantic matching, and optimize

responsive template display, projected to increase successful applications by
EDUCATION HARD SKILLS (Anu:nio3s1dw)

um3nendow:ien figma - Canva - word
wnnlilagansaunn (information Technology) - nAlulag
asauina (IT)

SOFT SKILLS (fnu:=nivdvaAu)

Communication - Teamwork - Time

Management - Adaptability - Leadership

HALaA

A 8 nihveuantunaunsaseanenassgulususuulid POF wetnlulgdau

3.2 wan15UsTluUsEANS A nLazAUNanala
Han1svageunsldeuiunqualegne 33 au nudlasunisusediulaesinegluseauuin
AILARIIUAITI9 1 LhazAISI9N 2
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A1519% 1 wan1suseiiuUsyans nmeaiuweUnaady

51Uy x S sxm‘uwi
N3UssIIUY

aumsvinuldmuienduvasszuy
1. Buweundieduausatuiinuazdnnsdeyasgivesdldliogisgnsies 4.09 082 )
2. useundnduaninsanansuadiagiasyl leegignies 4.19  1.00 1N
3. Yayayusehing (A) anunsatiediuugatenny washlaniwila 388 1.07 11N
4. Juseundnduaninsadiesginiudenndewensgliuszuy ATS 1a 381 112 )
5. ukeundnduanunsaaiianumanuiazdsoanivdisyuiliegauysel 4.06 095 )
6. szuvansathdndeyauazdsoansyguidulvd POF nasnautuiindeya 4.06 0.88 )
drsedluguuuu JSON leeeauysal

suwRlemn 402 097
fruanugndssuazunzauvaaion
1. gUuvukaslassasvensyaifinnuduiionn@n uasminzauiunsadeseu 384 0.88 )
2. flovsguifldainmatieUszananaves Al thllfnulfaisegagnies 372 1.08 )
3. WaATUNITIATIEN ATS Vo958 UUATINUNANINATINITANNTOUTYIVEIDIANT  3.66  1.21 ly
1. wmumaniiszuuialildfianuaenedestudnunrasnuesiaias 3.69 103 1N

TuRisaun 373 1.05 1N

N8 1 w1 wansUssdiudunsvihnusaitsituresszuulaesiueglusyduann
efiarsansedunudn sunsvinuldauiiesdduresszuvudazuuued vegluszduuin
(X = 4.02) uazArmnzauveiomiiazuuuiadegluseduinn (X = 3.73) fauandifiuinssu
anunsavihenldmailsdduiioanuuuly

M15197 2 Han1sUsziuauianelavewldnu

- — STAUNE
518N15U 58U X S.D. -
nsusztu
1. nM5uaantdd Iy v azrunfIsnysiamuwLNzal 4.38 0.83 170
2. msktlerpunavdaanual danumniya 384  1.08 11N
3. mMsidenltanNesUIeIATUAS ¢ liladoAunuIEiAIIAINT El 3.94 1.05 170
<@ a v a 1 1 %

4. NMSPDNLUUIULBUNAATUTANE8NULAZII8ABNST bE9TU 3.78 1.01 170
5. HURaUNALATUAB UANRINT T 4.22 0.94 170
6. NMswUstumaunsandaya 5 Tuseu wwuailonidtladouasUjifenals 381 1.03 h
SURALNINUA 4.00 0.99 170

AT 2 naUsziiuauisnelavesdldnudnuanuitesenisldnuivueundindu
amsmeglusziuin (X = 4.00) Tnegldnufianufianelegeanlueswesnsidenldd Tnuviiiu
LAZIUNAA D NEITANUNLTEN (X = 4.38, S.D. = 0.83) 599891 A8 LaUNALATUADUAUBY
n159iaulaeg19590L5 (X = 4.22, S.D. = 0.94) %aazﬁauiﬁlﬁu'jflmsaammumsﬁmfa;ﬂ%’mu
fanuansy wngay wagseulanduszaunsalvesldanuliegnd
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3.3 afuTeNan13IY

nan1sideagouliifiuin uueundiatuaiasgudraiosiiwaunduannsaaivayy
nszvumsinienasainsnulfesnaiiussansain isluduanusandy anugnieswesuiuy
enans waematiedeudsademlfeylusuuuuiinsstunasmnzaionslénutie mnwansUssdy
UsgAnsnnlassamegluszdunin Fiifuinssuvanmsoudled gmuasfnifudosinanuide
fszyliluumhetnadugussan nanfe ssuuindsdedfmveunanvlesusysinuuifsiiiumsldny
WLNaALUUESIIUIAENITYIAINITAINAINISOVEY Generative Al WNAUNTEUIUNITAS IS
viliAnszuuiidanuanizianzastudldnuuiazyana Favandodidainuzdunsosnuuy
LarN150eUtoAITINTINLADE 19U

nan1sUsziluAuiisneladsaziouliiudauszdniamveaniseenuuudiufnsenugld
wazdszaumsalimslda lnedumsdentdd mumidu westnedidnvsiiaumiinzan uagldoudie
I¢Sunzuuuinogegn (X = 4.38, SD. = 0.83) yaududdgivhliszuuifanulnnsiuiagneuland
ATunanesUD U ABNITNATUTEUULAAINARIBE1ILUULIA93 9 (Realtime Preview) ATUg
ludunsnsendoya Tanevaussienginssuvesilianuiifosnisfiunsisuutasuesgiuuy
waziilonluitudl nadwsinaiaenadofuuiAnmes Norman (2013) fisdungiinisesniuussuy
laennfosiungAnssukaraluaInnTaved Iauau1saylsann1sen1enuan uazdaasy
nsvensuwmelulagliegndiseangnm

1{eTinseiiagdnnanzuuuyssdunudn AzluLLed sf1uALgNRILaTILN Ay
voudlom (X = 3.73) fawfosnirdunnuditedenisldam (X = 4.00) auvmndnidumsigaanm
demil Al adrstududdosfisndayatiudrandldaundn mndlddeudoyaidoswiutioaiuly
w3olddalau Al egldanunsafsgarueeninldetradud drsaindunsldauildeonuuy
p1u UX/UI adfelmidanouyszaunisaifinsslunsean wenandlufleidunmstinssiaiuaonados
ves5vUy ATS nduldazuuulsuifiuianlungu (X = 3.66) auvgdumszszuy ATS Aldlussdng
#1499 fanuvainvatsuarldndninasinsadamAuaneiaty n1sfissuulszdiuii aenndodlu
spiunilsenadiliiifisamesernumaniwesdldnuidesmsmiuivlageaninazdesinuynsziude
N304 Uﬁzﬂauﬁ’umﬂmmwasﬁ’aL,LuzﬁwmiU‘%’UU'gﬂuUNﬂ%awé’ﬂwmL‘fluﬁ’wﬁm@mﬁuiﬂﬁm%’u
ity

lusnunisuseendldUaausedvg ssuuliaulanmulunislduuudiasaniwivuinivg
eriwaiiasulsziRuazusuuatonnudnlul® ogrslsfnny Fmuanuimenazdodda
fiddny Ao Jomienmsvasuvedlues uazaudndes luviensdny Al onawgterafsiiion
Ingadrsdeyainuendeuszaunisalfifadnsliladoy a3 ud olsiqaenndosdusiiun sa1u
wioonadendesrfiasviounnudndemmadminunsusens sududesfnfissuudedieudfay
flinudafinnusiduiemnaseuwssnumuiomessandeadoaues feuinsulluldnuaie
iAo Terunufananasandesiunuideuss Tayal et al. (2024) uaz Jadhav et al. (2025) fiszyn
JayauseRvganunsatisenseaunmnInvad syl Lm'Uizam%mwmawaé’wéé’ﬁuaqﬁ’uQmmw
yostoyauaruiuniigldnutoudngssuy

Fesuifisuiunuideneunthfiyatunslidyy sz iviiiednnsestaiasainyuues
Yos0sANIUIaHENNBINTUYLY (Gan et al, 2024) MuATeiTgaunnsisegadaiau Tasyuiy
nseenuuussuuludnvuzdainsduaudnans (User-Centric Approach) nanifie Jldeuaiunsn
THdgarUseivg i orrsadne Usuuss wazU sl uAI LB ALY UYL AR T8 AULD
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AoudngnsruIuMTalingy kI AINaNPIBdESIUNUIMBIINTRalATluNSNSENENENS
uazsandedinvesiifnnuszaunisallunisdavinsgsl
uenaninsidenldanitnenssunisuszaanauuulfidsnesuuniovisdiuney
(Serverless Edge Computing) 5@1,?;114@;91m’umqLﬁnﬂﬁﬂﬁsdwLﬁmﬂizﬁm%mwiumimauauawaﬁwu
W nuausadifiswazyszuianatoyalaeg1959a157 eg19lsiniun a1nuani1susedu
wazdolauouurAugUuuULI LU U nuIInsuananaluueauazifeamiiiae (Resolution)
Faflmuemaindouagyiouliiuinssuudafoafivamdameulumsusuusiaguuuy wu msuiuaune
naestoyalineddudidnys dudunuimeddgdmsvniswauissuuluouian Taeniwsu
szuuitimuntuidnenmlunsiludssgndldausie werannsatsaivayunsedsnanumioy
Frumsadiasnulugafdvialdesnaiuszansnm ieludunsanszeznan mafiunmuamuonsgl
wasnsadaasulonalunisdignaiaussnuveadldnuldeginlusssy
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n93deilussgingusrasdlumesiannssuuaiasguidaniosiiysannstyyiussivg
wWrivaatUnenssy Serverless Edge Computing Lﬁaiﬁ;ﬁaﬁﬂimuﬂ%’uLﬁauﬂiﬁaamﬁaqﬁ’uﬁﬂwmwm
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dmsuvminveviedslifiuszaunisallunisvinenarsaiasaiy dvsunumislusuian
msﬁ’wmﬁmmwﬂizﬁwﬁiﬁmmm?meﬁﬁuwLawwqﬂﬂalﬁﬁﬂefa?fﬁu AIVANUNITENTEAY
MsAeszsinaDnRdeiusrUUAnNTeIdRlulA (ATS) Bemamune saudamsiiiunnudaney
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a o v Ao & ! Y v a Ya v a =
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Google Apps Script

Abstract
Traditional classroom management in Thai schools often faces challenges in
monitoring student attendance, recording academic performance, and managing classroom
activities, which can reduce the efficiency of teaching and administrative processes. This study
aimed to develop an online classroom management system for Sribangsai School, evaluate

its performance, and investigate user satisfaction with the developed system. The research
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adopted the System Development Life Cycle (SDLC) approach, including system analysis,
design, development, testing, deployment, and evaluation. The system was developed as a
web-based application using Google Apps Script and Google Sheets to support student
information management, attendance tracking, class scheduling, behavioral score recording,
student health monitoring, savings records, and report generation. The results indicated that
the developed system effectively supported classroom management and educational
administration. Evaluation by three information technology experts revealed that the overall
system quality was at a high level (X = 4.23, S.D. = 0.26). In addition, the satisfaction
assessment of 60 users showed a high level of overall satisfaction (X = 4.18, S.D. = 0.48),
particularly in terms of system design, ease of use, and functionality. The findings demonstrate
that the developed system is suitable for practical implementation and can enhance the
efficiency of classroom management, reduce administrative workload, and improve access to
student information. In conclusion, the online classroom management system developed in
this study provides an effective digital solution for classroom administration and supports the
integration of information technology into educational management. Future development
should focus on improving system performance and expanding interoperability with other

educational information systems.

Keywords: Online Classroom Management System, Educational Information System, Classroom

Management, Google Apps Script
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Abstract
Benthic fauna are important components of aquatic ecosystems. They can be used as
biological indicators of the environmental quality of water bodies because they are closely
associated with bottom substrates and sediments, have limited mobility, and exhibit different
tolerance levels to environmental changes. This academic article aims to synthesize

knowledge on the application of benthic fauna for assessing the environmental quality of
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water bodies in Phra Nakhon Si Ayutthaya Province, Thailand, based on case studies from
three major groups of water bodies: natural waters, community areas, and aquaculture
systems. These groups covered major subtypes of water bodies, including main rivers, urban
community waters, agricultural canals, retention areas, river cage aquaculture, earthen ponds
and aquaculture areas, and local community ponds and water bodies. The synthesis indicates
that different types of water bodies are exposed to different environmental pressures,
resulting in distinct patterns of benthic faunal composition, abundance, and roles in indicating
environmental quality. Pollution-tolerant benthic fauna, particularly aquatic oligochaetes in
the families Tubificidae and Naididae, together with chironomid larvae in the family
Chironomidae, tend to dominate areas affected by domestic wastewater, agricultural activities,
and aquaculture systems. In contrast, some freshwater mollusks, freshwater shrimps, and
aquatic insect larvae may indicate habitats that remain suitable for several groups of aquatic
organisms or moderate water quality. The integration of benthic fauna with benthic fauna
indices, specifically the BMWPthai Score and ASPTthai, together with water quality data,
sediment characteristics, and community participation, can provide a practical and low-cost
biomonitoring tool suitable for local communities and systematically support local-scale water
body management. This approach should be further developed as part of provincial-level
environmental monitoring to identify risk areas and guide continuous water body management

planning.

Keywords: Benthic fauna, Biological indicator, Environmental quality of water bodies, Water body

management, Phra Nakhon Si Ayutthaya
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(aquatic Naididae, wiawEyuies @9 Aunvneud oondiauavaILth
oligochaetes)  Branchiura sp., LATUSHIUNTETY  DUVSEANTAYAN WAy  @15DUNSIIlURURTNDY
Tubifex sp., Fosan gendlauavaneim  uavdnvarAunzneu
Branchiodrilus sp.,
Dero sp.
fidouutadsy  Chironomidae, wasnRlasy nuppNaNwdUNSs  unerlanulaluraie
¥3n Chironomus sp. NANIENUAIN LaLOaNTLAUATAIE izé’m@mmwﬁw 39A3
unyansea 1 wlanasuiungudng
3u
TnaRniae/ Nephtyidae, with Aaes A UstRumzneuidl AISRANTUIANULAY
¥ndes Nereididae Unafifunzney  Bunvasazay Sviswatiingey uay
dnuwazianiy Auendeiifiany SNWULAUNZNDUTIU
QWL Lazdviona e
YOvRLINGBURNNE
i
VR LAET Viviparidae, Ueidsian Aes  Usgmamiszdy ueiladannununuge
Thiaridae uarwasguey  dunasdddude  wasdinsunsnszane
a1558AuUIUNaNa A9 Fsldasitudana
LNEIAIN
P BRGRNAR Corbiculidae, wiuazaas Usinuoninidal  manszansenalddu
Amblemidae Auondonzauuay  svsnaanvdaveiu
ﬁaqmﬂmmﬁuﬁfl ATNOU NSELALN Uas
AuAnYe I
fawoe/ Palaemonidae, widgsihauam  Usdiauendedid g1alasuBnSnaa Nty
ASALALTYU Macrobrachium WoldteAoud1es  eenTlauLazAIIN ¥ pmilusauas uay
lanchesteri WouShadifify  winswesduerdy  Tassadshuendudes
Yruasfivaudou A1514 BMWPthai Score
uag ASPTthai Tuwnas
thilsmsulanasiuiu
foyanmnimi fu
ATNOU LazaNYaE
Auende osnsuild
e Auumasila
17Nn77)
feouuuani  Ephemeridae Lma'mfmmm‘w Uﬂ%@mmwﬁmaz DIAINURNLYNANTO
flasoanie woldderoudnes  Auendediaaudl nnzduoduges 39
uaiiy v3oUTIMii] Feufuiufidon mislismiutoyadu
Auonduzan Wiy

wewme : duasziainufanislidinthAudududdanan Johnson et al, 1993; Barbour et al,
1999; Mustow, 2002; Bonada et al,, 2006) waguITed®I N 10 Wl UN Uyl 39nin
NILUATASOLTE
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3. nwnzvsswdniuazusinadundaandeuluiwmianssuasadoysen

Frfanszunsriegsenduiiufiquihnanarsiivsznoudeundaimansusznm o
a1emAn wiinaees AAedsTINTIR ARBRNYRTNTIY LAY uvdwusudes n1sdssUan
Tunsedausith Vaidisauan uasuvdsthueu uwidstinandannsaduuneondu 3 ngu 1éud undah
§39UIR UMASTATY UazszUUIzABId T Tasundshsssumfnseusquusitharendnuazusit
809 UVAIILTUATOUARULVAEILITY ARDuAYATNTIL TLTTUEN wasunasuruluTosiu
a";u'iz‘uumeﬁyaaéfmiﬂf’maumumiLgawaﬂuﬂw%’mm% Jaidnsuan uasiiufimzdesdnii
msdnmnangfanandielinisesudnuarundniuasusinadunsdaunndouilasadietaion
wandeuloauvanirdonita 6 Usstnnitldlunsdueszsidiungumdnvesunanuldegadussuy
uwiasmandfunumardysenisglnauilan manuas nMsUssusiiug mamngidesda i
uarn13RssiinvesUsranaulufiug vuzdfiiudnvzresszuvinauazguuunislivszlond
Lmaqm‘mLmﬂmqﬂuﬂwﬂmma fuildsuusenaumdanndenunniraiy 1y mmmmmu
isruisaniuiinunInssy nsazanvesdunisaisannindssarlunsgdausdin nsifiudy
vosdunioarslutaidesan uagnnuisuudadanadeduendeuinaiuils ussnadudna
danarionunImul AuATNALANOY LazesAUsznouvesdnivtiAy Feanmsoldiludaud
mathnmlunsussiduanunmianedouvesaniutasssavldidefinnsansutudnuasiiui
AL AL ALRZNeU warsukuumsliUslaviuah

3.1 undainsssumALazusithaevan
withaendnuazusiinaeseddudimiansruasaiogsen wu wiiiddn uazusiinlos
Huszuuuvadsiiifunumddysonumu n1ainues N3UsEas N1IALIUAN LAERINTIIMINATYERT
suils wnanhUssandinldfuusanaduainuatsunasiudandeudu Tun vidsanyuay
nsszIBnaIniufinuasnssy Aanssugeamnssaduils maduide wagnsiUBsuuUasdnuay
fusuils ussnadumarilensdmaliAnnsazaueshunzneuaiBnuardurieasuinafiuionh
sl wiuasiuodovesdedlTindsuudas eufnuluwdidhdnuansifuiui
aevdndnsiinnuunnsinswosiiuende udluvuieafudldsuavinannienssuuysdanssuuuy
GTi'aa'ﬂwam'aimaa%’NU'ﬁssmﬂué’miwﬁﬁuﬁmﬁaaﬁu’%mmﬁuﬁmﬁw (ajgﬁmﬁ, 2558; aifgﬁmﬁ, 2565)

3.2 UnaeYNYULLDY

wdsilungurudonduiuidldSusnadunsdunndeudout dniau Tnsany
Unafiinsszueiiantiuieu sam enmswided uazfanssuuinisasguiiiinionaes
undeyusuiniarsdunidqonliidnnisldesndiaulunszviunisdovaaislaggdunis
dsnalieandiauazarsihanasasfnnsazanvasdunivasududiuioni anwdsndndua
Tnemsaleasdusznauuazanuynyuuasdn ivinAulnsanzmaiuturesnguinusodunieansas
LAZN15aAAIBINa 1T laranan1iz nsAnwivinuudlididnlusgusuiendudedis
fuandliifiuindn iviAuanusoldldusanaduantindesusuiazauuaneswesannduede
ANLSEELisNuasdestniiald (ﬂgﬁmﬁ, 2564)
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3.3 ARBNBAsNITULATUAT UL

AABIAEATATIULATH UT SuL T vesd UssnoudiAyvesss vuwna s lusnn
wavunsatoysen iesnideulsssemrinushivanevdn queu fufinuasnssuuazsruunsssune
Tutenguuuiorisiman unasussnnidnldsunsanaduainifisgamy dssuisniud
NYATNTIN AuRznauazlden 15013 wazdunIoarsanfanssunsldussloniiauiunaes
USINAABIVIILIE BUNUIIUIA W ufeE19vesAReaT TunuInIT s U uTL NTIANAS
LLazﬂwsiaa%’Uﬁfﬂuﬁuﬁéuﬁw usanefuvaeduiiAeundeutuinlirassnunsnssuuasiuiisu
finnudutdeulumsussidiunmunmaswnden mslddainiausududeddinm 1wy BMWPthai
Score way ASPTthai Faiduuuaniadl inunzanlunisy s antuniwamn niiuazussnady
madamndoluuvanissanni @igind, 25670)

3.4 msdsslanlunszdauith

magawaﬂumz%’uﬂugﬂLLUUmiwmzLgaaﬁmiﬁwﬁwulﬁﬂuLmemmammmﬁTwi’m
WILUATATOYTEN Tnotanizusnauithiesd adunithaisseswesudindinssen Aanssud
HunmsldvsslominnmsivadsuresihmusssurfuanduoTnddyomumuiuuiih oghdlsfinu
wnfinmsiagegnmuuiuideiinislfemsiiumudesnisvesan emsde yaua uazedde
SunidazanazanasgiuvosvinaldnssduasuilndiAss denaliviuudunisans
TuRungnewiiviy uaveravhliiianreendmumusnaiuienn nuinvusnunsydadsaan
Tuwsidhdiesuandififiuindn inhauamsolfidusldusnaduamegnannadosalunse sl
Tnotaniznsianiuusnaldnseds Auilndifes wazi ui 819897 Id3uusanadudaonia
(rifgAni, 2561)

3.5 UaidesUauaziuiiniziiesdadin
Nuilonzdsadaidilasanizdnaeauniuiuiddydunisid ssdaiiivedmia
NrUATAIOYSEN ATOUARUTIALIN AaBs uagUaidesan wdniluiuidldsusninannianssy
inunsnTsy nMadssalunseds nadssanluefuuazmsliussloniivosmmey Snuaedindgn
ylvlufinzdssdn i dunliuinnsarauresdunieasluiuasiuneneulasianzuiing
fisimslvionmsdniin msldledunidvionamintagimileasrsomssuvialule dnivdu
Tueid ssUauazi uil iz adn i fad unumassduAedudayd nsavaudunoans
Tudunzneunaziudiunisvesemsssaumilussuutad ssdndin nsussifiudainddu
Tuunasidszinni seand enlosiadfgunmd windouuagnisdanisssuuniswdnda i

(alfgﬁmﬁ, 2566; FURNIN LLazalfgﬁmﬁ, 2567)

3.6 unaeYuYY
3 v a < & dada °o w 1 ¥ Sa o = 2
wiasdguuluieduduiunndanudfydenisldusslovdludinusedniu maseus
wagmMsaseunsEninAuAsrfeNvatUsyrUluiull MsUssliunan i lulvasiUseanil
Jeldarsyaduanmenanaineimansivinuu uiadstiaudAyiunssuiunsidiusinveguyy
N15A1eNenBIAAINg azn1TnaLAS eedlatd e Tenma U ausan lUUJ UA LA 93

Tnegldusslevilunui nsdfnvuanihyuyuluiuilsaiouandinet dunoiaun wandliiui

animhAunumsUssidunanmdawndeuuanhuimiansyupsaseyse ... (algnai lnoou) 8



NIATINeaniszynduazuinnssy U 1 atun 1 unsaw - Sguieu 2569 (UNANLLEYN 26109)

mslddninifusazisi@inmsauiuemyuiazgury @usoRmudusInInIsRnnUANAIWN
MEAIURINTIN NIRRT 148 kagmTngauiuNsISeuIsERuiodu (algiing, 2567)

a. unFeudansziannasuifisudimssuuumeai

nsduasIgiunseuanaddedainiiauludmianszunsasogsen Suludosiansan
AruduussaniussninsUssianveauasin usanadumsdanaden nalnmsasaudunioas
ﬂqmmwﬁéw AMAMNAUAZNBY kazN1TABUANDIVRIUTEYIANdRInIA U 11NNTIN1TAIITUN
uamsdnwusniiuneiiuiifissesafior Weiisuieudiussuuund swhmuiundaisssui
WY AReINEATNTIN Madesalunsefousith vaidssan uasuvasiigumy fuvdaiuin
ussnafuLaznalansdsuuasdsuandenunnsiiaiy daalvidaivinAunguidutagaiumsng
109115039 A annd swandeuvotuna suandatudae nsdnvdaindiduludmia
wizuAsAIeyse NI T undniudasUssavldSuussnadumsdaandouunns sty
uazANLANAsRInainaRoaflsEnoy rugnYy uazunuMvesderiutidulunisusdannm
Aundeveaundniegeiaan witarsudninldunsnaduanianssunyudnaisuiuy
uwidsgrudlosld$udvinannindeuarnisiinturesdunisans ArewnunsnsTukaEiuAfULh
IFuusanasuannisliusslenififusasnmsssuneh dussuumnzsdesdriilsnmeniadean
Tunsedausiiuastaidenadidnvunsufensavauresoavie yadniil uasnznaudunis
Ushauiei dddunmsuvesuisemariliunideudfyindaiudduamsoldifusaued
meTanmifieUssdununndsnedouesunanild Wefinnsandwfudnumsiiui auniw
AunmAuAzney warsUuuunsliussloriuvdni measdeavesnuideilivsenounsdunsgy
uandlupsed 2

4.1 unBeunnunaainssInea

uwiashs s azuhihaendnludmiansrunsaieysen iwu witilndn 1ussuuiing
lvaiifiauddyserusy inuasnssy Ussasiiut iy n1sauuing wasnsssunetivesiudigum
AN Lmaqmﬂavm‘mumlmuLLiaﬂﬂﬂumﬂﬂﬂﬂﬁmuwwmmﬂLLUU‘Wﬁamu ﬁammmﬂ%mu
MssrUtgthaniufineasnssy Aanssusuile wasnisavavvesfunznouas Laamummwumam
qwmf\]f—mmimqaiNﬂﬁmﬂuamwmmﬂmmmﬂmawuamwmmwmanau un lddou
Tnfn vieeshifien viesaosh a¥awmiTeu uaviioouuaniy Iﬂmwwyﬂaaﬂamaummwmaumwnw
wagnszenivlunansanin (igind, 2558) unSeuddgmnunanisssuifewsiihansudn
flFsuussnafunmvaneuwdsindnindusseudn inAuiiussneudesngummuiedurEeasgs
uarnauiiistiuendeiissnsmnzansoddiinnatendgy nmamuldidouidaugnyugserausd
Msazauvesd U sansviean mAungnouianzaud engunuNL vazAinsnunes afalaLToy
LAiIBoULIANIU NG UENI A IUsUT s uendedosinzaurenisfisadi
vosdarivihiu iwu feonBlauararstifisame fdnwasiurenifimngdenininzerdeviatisd
wardifimivdelassadrsduendeiifuundmautou dufu nsussiiiuunasisssunadsllans
firsanandrinihAungulanguniaringu uwimsiasansuivesdussneulssmaudnivify
Tngsau fall BMWPthai Score wag ASPTthal AWt wazdnunzAunznau ileuUanaaniunm
AN euvasnasinuaratuayunsinaug an i luusdanendnlddaaunindy
(alfgﬁmﬁ, 2565)
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M19199 2 Aedninthauludmianssunsesegsenniiunldlunsdunseiesdninug

P Ussianuuas  Ussihuman e e e unSeudivnanld MUY
NUNANE y o ngudnvithauey o p o
i1 YUY GEIGEREY 914994
ushirtdn whianevdn  laswadng Oligochaetes, WARININTIY afgAnd
Uszrau Gastropods, Faimtnuluwid (2558
&aintnfu Polychaetes AUUNAN
waiiwdn widsgurudios  wavesinds  Tubificidae, Uiikavesduvis-  algindl
USLIUYNTU YUY Naididae, mimﬂfuﬁwmu (2564)
g Chironomidae
AADIUNUIE  ABDY Al Tubificidae, TR tidann ERET
LNBAINTIN BMWPthai Naididae, Yz uanIunn (25670)
RS YUY ez ASPTthai  Chironomidae ﬂmmwﬁﬁ
waitheen MaassUan NAYRINSETe  Tubificidae, UstNaaNe Mg ”gﬁmﬁ
U Tunsedausin  Uan Naididae, Wide yauan (2561)
Asedelan Nephtyidae, LarURLALdUNSY
Chironomidae
Nufnzides  fufnzdss msnszane Branchiura sp., 1&douindus “’gﬁmﬁ
fmfdune  dafin vadldiioutn  Branchiodrilus sp., Ustimsavay (2566)
LU Tubifex sp., Dero  duUNsyanshuAU
sp. ATNDU
Yaiduean Yaiduaan 239AUTENOU Branchiura sp., Geuloansdanis  dufnm
BB dninihau Branchiodirilus sp.,  Aungnouluye wavcighndi
WALDINNT Tubifex sp., Dero  81M13553UYIA (2567)
FITUYA sp., Tarebia LALWUIAR BCG
granifera Model
quusl,uﬁuﬁ Lma'mfwgmu MIUsTIEY Melanoides wanemsieay  oighnd
NBLEAU JWAUYNYL  tuberculata, ﬂmmwﬁwmd (2567)
Macrobrachium %amw‘[mwmu

lanchesteri,
Filopaludina

martensi

4.2 UNFEUINUNAIYUYULDY

wnasguvudieadui uii il Yuussnaduaniideaoudsdaiau laslanizusinn
fnnsudeihitsanntiudou manm enpswad vﬁaﬁf\]ﬂiim%miaqeilmﬁﬂLLazﬂa'eN ‘15%58%%
ﬁﬂﬁﬁ?i@u%iﬁﬁﬂ%ﬂmﬂﬂﬂ’]ﬂ“ﬂ@@ﬂ“EJLﬁ]uIUﬂiuU’JumiEJ’e)EJﬁa"lEJI@EJR]@‘L!‘VIiEJ danalioondlauazane
thanasuaziinnsavauvesdunIoansusnufunynouiiuvionin udnwusnautiiindnluwn
w%umaawmwamwumuﬂawumawsami LU 1amauunm Tubificidae ka2 Naididae
S e auLLaT U TR 9A Chironomidae LﬂuﬂauLmuUiLamIﬂaamUaaauma (mﬁﬂm‘m 2564)
UmsaummmammumeﬂaLLﬁaﬂmumﬂmmaﬁ;muummauwuﬁﬂumsmmummaumaafli
TuthuasAupgnou SaderomatiusniuvesdniniAunduitmusieanmdurvasguareondiaus
AL uvedldii sutinuaris ounwass w3 aluus e suihideensanunsaldidudayed

wsananuINULAsYuYEle vatniswanalialsiiansanainviamuiiieeg1afeIuAIsnaI T
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FAUTTEEN19INAUEREUINS SnuaizRuAzNaY SRTINITMATDIIN NULEEAMNINUT LHBWNKA
NUANILBONAINAVIUUANANANTTIUIRVRID WAL lATRLILTY

4.3 uniFBuanaARLNEAINTINLATIUTISUYN

ARDINEAINTINLAELTISUT WU Aresu1ua WuuvanhiildSuusInafussIn LTy
NWASNTIN N1538UIBUT waznisazauvesAungnouazifon unasuussiand idnvusidy
Aorduiuiidoulosszainauithanendn Auflinuasnssy quau uasssuussuisinlugaagguu
y3ogasiiman FafnldSudndnaininfisyusy dnfissuisoonainiufiinensnssy a1so1vns
unSeansuazAunzneuasiBeaniouiu NuAnwAasIutanUIEInthAuNguusedurnIease
fu T foutinnad Tubificidae uay Naididae wagd18ouLLas3LLENIAA Chironomidae nulsy
Sufuvesuazafaadsuuiangy vaefin1sldduil BMWPthai Score wag ASPTthai 4a8Useiiu
aonuamaaniTlun sl @igied, 2567n) uniZeunnareunRINIIILAL LTS U ADUYA N
Ussniinlduusanadunanedundoniu vl nsmeuauessassssneuderintifulinnududou
niuifldTunssnafunurasiiiafien mswungunudedunieansiuiunesuasaiandou
UNNFUUNTT AasnvRTnIIIaaiiIUI Ml UNansEMUIINNsarauBunT s Tuar U N
figsnsdifuododosmnzansodaidinuiandy faiu n1sUse iiununmaaundeutoauna
Turasainumsnssuwaziiuisuihansldnsaduuuuysanns Tnefasandainifungusu
Friidanm Aunimi guamAusgneu dnvuriueide wassUuuunisliuslowidfusiudy
dielannsnduuniuiidswar nwudanmsudnitldivngauuniy

4.4 unFuannisiaslarlunszdeusivn
& v 15 @ a Py 4 S a
nsdgsUanlunsedaididunanssunlduseleviannunaniisssunalagnse waga1uise
Aeliifiausnaduamzaausalinseduasiuilnglifes lnglanzanemisviae yaua wavveads
dunidiinnavauasgiunznauiuia sl nalndinaniuaniiainusenanuluuna syuyudos
N39AADUNYATNTIY L BIINUUAINIIndunTgaslduvAauldalaukaziniiani sazay
Usnaiwiosdldnsedadundn vudnwiusnaunsedadsslailusidii doanuindnindifu
naunusedunigasas 1y bdiAouu1ed Tubificidae Wy Naididae IndAn19d Nephtyidae
Y 1 Qy ’oj A 1 . . a 1 v a v 494} l Y a v a ‘g
IaEAI8 aULLATI LENTAIA Chironomidae HANuAutAUSMNTEduasiuilnglAes (aighini, 2561)
uniSeudrrganmsidesUantunsedasiinfednininauainisaliidusiiumdinndiefnaiu
LIINAAULRNIZIAIINNITIEBaUatuNTeTelaR esnnvendedunidinasauus i uyioa
naunN1sid suilasazusngdaluniaul n1siiad uresngunud edunsearsusialdnseds
V3NN INALAEITIH UV UUAYBINANTENUIINEIMTNED YaUa uazfiungnaunildunssans
aaldl egnslsfimnumsudananisiSeuiisunusseeinaainnssda wu vshaldnseds nuilndifes
wagiiungndenlasunsinadutosndt iudutoyanmuninii AuAmMALAzNeY ANEN NELEU
LATAIIUNUILLUYBINTETY L oaTUaRUN1TTANITUSIUNS IS AUTEIRYuYRINTEdY
dy dy Aan vo ' 1 I
wagnsiuiuinlasunansenulaegaiidmuneg

4.5 un3IuINUBLABIUaLasNUNWIZIABIEN TUN
Uaidgauaeiuiimnsldesdi il anvusameumnA N NNSITING undayuyuiles
dy Y 1 96’ a a al 1 dy M Y =) o A Y a
wazgnsiasetanlunsedeudin esandunisansluvedsslarlilmdunssladeiineliiia
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arundenlnsuvesnunmiuarunznouyty meLﬂstaaﬂ'umiaiwmmammaummﬁuawa
evRUABUsIRa NS uarNTIHAND N ISTINTIRvesER TR TuAnuiluTinsdsedariin
mmmamwmﬂamaumaﬂa Branchiura sp. wag Tubifex sp. Junquinusazduiusiviuaenou
fifdunsansazanluundaiumng Ao (aigind, 2566) nefinisAnuilutedosardineiaun
wuderinthAuvaendulnenmgldifeuinana Branchiura sp., Tubifex sp., Dero sp. uazosLaAS
UNgBAWRM Tarebia granifera festviansazauvesdurieanslufungneunarunuvesda vy
Tunaduomssssumfvestar (Fufinm uwazalghadl, 2567) uniFeuanuaidesaluagiud
wngiAesdnfindensulanadaiuinfumsiiarsuiadiuaunmiuazneuuasunumluseuy
nMsudadniin mndunznoufiusinabunisanseylussduilmuaumndainiifuaunse
Pwatvayunandedniin mslivsslevinnemasssuni wesmsuisusigomsluteidss
dniunld wimndnisazanvosdunIvarsuinifulufiilug nageondiaus nadoulnsu
V3R U MAUALNOU Wazn13LA 1T uresdninindung unumudedunsarsganniiuly
Fau nsUssdudainiiAuluoidssdandsmadeuleatunisdnnisve Usunmenmsiil
n13dan1siuaznay N1sleUseleviaINeIMTessuYIf LaskulIAn BCG Model w3oluinalAsugia
Frnm-1Asugiavyuisu-LaswgAadiden (Bio-Circular-Green Economy Model) Ll oaifuayy
nsnandniiianvonds Teninensluszuuyoeg1edua uazfnuiAmwa wandou
YDITFULIEATEIER T

4.6 UNFEUIINATTUAIUIINVDIYNBY

mavssduamnmihdedniuihiuansofauduedosdiofouluasfanuamnmimae
seduumuld esndariutiduuesnguanunsafuiaegwinsgunsaifiugiu Suunlussdundy
viondlduarulanaidssfudedvdiinmitlidudousnnin e Wisuifsusuundsisssun
uvasTUTD ARBLNYNINTIY ViesruuINeRsdn it uanhgurulignrufoanunsodeules
pansUszdiumsdanmditunssuiunsdoud maftdusuvesdliusslondluiiud uasnadiseds
A und i ludindsedriuldlnenss nsdAnyiuvauigueuluiuiisuneauiuandiifiu
wgukazgusuaisaldusnlunisiuiegs Suundnintinu wazlddud BMWPthai Score
uag ASPTthai 1l eUszifiunun il (algfndl, 25679) umiFsuainnisfdiusruvosgusy
AomslddnimiAusutuguruiiauannnniinsussduunmimdsnaisseg1aie)
wzannsalfaiumnunssmindudaneden fannfanssmeiouiluiesiu dudunsiuteyaide
AN WAz maaamLﬂmvwmmmmmmwmemmammﬁumam ALPBYATL 138 community-
based biomonitoring ¢ uunsiifierumngausunmsianunnssusesuiiud Wesniidurusi
iiladne uarannsadenlodsadou ywu ssdnsUnasesdiurioaiu uazmhesmAmnmathieiu
msfidaumdinandselitoyadnimiiuldldvgnoginsussiuaniunimunanii uianuso
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Abstract
This research aimed to investigate the appropriate formulation of butter cookies
incorporating Sacha inchi press cake and banana blossom powder as alternative ingredients.
The study consisted of three experimental stages, including the selection of a standard butter
cookie formulation, the substitution of wheat flour with Sacha inchi press cake at levels of
15%, 30%, and 45%, and the supplementation of banana blossom powder at levels of 5%,
10%, 15%, and 20% of the formulation. Sensory evaluation was conducted using a 9-point

hedonic scale to assess appearance, color, aroma, taste, texture, and overall acceptability.
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Fifty untrained panelists participated in the sensory evaluation, and the data were analyzed
using analysis of variance (ANOVA) and Duncan’s New Multiple Range Test at a significance
level of p < 0.05. The results revealed that the third standard butter cookie formulation
received the highest overall acceptability score. Substitution of wheat flour with 15% Sacha
inchi press cake provided the highest scores for taste, texture, and overall acceptability, with
an overall liking score of 8.16 + 1.07. In addition, supplementation with 5% banana blossom
powder resulted in the highest overall acceptability score of 8.20 + 0.88. The developed
product exhibited a desirable crispy and crumbly texture, pleasant aroma, and high consumer
acceptance at the level of “liked very much” to “liked extremely”. The findings suggest that
Sacha inchi press cake and banana blossom powder can be utilized as alternative ingredients
in butter cookie production while maintaining favorable sensory characteristics and consumer

acceptance.

Keywords: Sacha inchi press cake, Banana blossom powder, Butter cookie, Alternative

ingredients, Sensory quality
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