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Msfnuiifangamnedieussfiulssniamuowiauuy Ssaudaneiiy mMsnumuuy
unNM (Cuckoo search: CS) 1w fUTElean-3umos (CS-HW) wardBnisusnarulszney (CS-D)
dmsumameinsasinanilvanedeusigoianfuiwead surunalvyluniananiagnin
pzIunnuasUszimalneduiu 5 wna TneFeudioudulusunsudiiagd Taun TUsunsy Minitab
(Minitab-D) wagTusunsu Excel (ForecastSheet-HW) lussazauagaflntu wuan CS-HW uag CS-D
mmsaﬁé'}mmﬂmmﬂ?{aué’ugsmjm?{EJ (Mean absolute error: MAE) Gi"']ﬂ'iﬁ%IUsLLﬂmﬁ’%%gU
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dwiuszezgnvoyanadeu ladadandauuudmsuunazeaiauiuin Tnglyinam MAE dan
laun WaueSuAIUNS 180N ForecastSheet-HW Wawidisnadnsas Liaunseided wagilowriuiaan
1den CS-HW waziauurdnyadng aen Minitab-D wieluduuunignAniionuingnsaaismun 24
A ' 2 Y Yo [ 5 d‘ g ' aw o ~ !
Wwow wud Usinanhvawienafudilewns 5 wslidnwazggniadaay lnelnigeanluyiegany
(HoudmAL-na1AN) KaN1sANEFALIINSHATSaND3ANLAIETaRNaee1e CS WRURILUY
BUNTUIAMUUALAL ausavrsiinauwiuglunisneInsas wasid uuselesunanisnauny

UIM5IANISNTNENTU I UBUIAR

ANEARY: BUNTULIAN NITHEINTA BIAVLTBY AUMATANSNAALUULUNNIND

Abstract

This study aims to evaluate the performance of models that integrate the Cuckoo
Search (CS) algorithm with the Holt-Winters method (CS-HW) and the Decomposition method
(CS-D) for forecasting the monthly water inflow into five large dam reservoirs located in the
central and western regions of Thailand. The models were compared with two commonly
used software packages, Minitab (Minitab-D) and Excel (ForecastSheet-HW). In the training
phase, CS-HW and CS-D showed lower Mean Absolute Error (MAE) than the software-based
approaches, indicating a greater capacity to optimize parameter estimation.

In the testing phase, the model with the lowest MAE was selected for each reservoir.
Specifically, ForecastSheet- HW was chosen for the Srinagarind Dam, CS- HW for the
Vajiralongkorn, Kra Siao, and Thap Salao Dams, and Minitab-D for the Pa Sak Cholasit Dam.
When employing the selected models to forecast 24 months ahead, all five reservoirs
exhibited a distinct seasonal pattern, with peak inflows occurring in the rainy season (August-
October). The findings highlight that integrating a metaheuristic algorithm such as CS with
traditional time series models can enhance forecasting accuracy, offering valuable support for

future water resource management planning.

Keywords: Time series, Forecasting, Dam reservoir, Cuckoo search optimization
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T ST TNLN ﬁmmgnwﬁwLLazmimammuidemswmﬂsajméﬂimnmﬁ’u
Funouismdsaindesneides uunfandnvesundasannailausetunalaainsssuei
(Nature-inspired metaheuristics) L?MLﬂuﬁgﬁ'ﬂgﬂLLG{ A.¢. 1992 1§l Dorigo (1992) dnauaiznis
910419n5UA (Ant colony optimization: ACO) (Dorigo et al., 2006) mmmv;wﬂﬁmﬁuwmzﬁqm
LLUUﬂEj::uaigmﬂ (Particle swarm optimization: PSO) 983 Kennedy & Eberhart (1995) Tu a.A. 1995
warlasuaudeudosun fsgaiid maiamununiBaainananvais ULuy Wy ISAUMILUY
g5l (Harmony search) (Geem et al., 2001) eranilaud wiiog (Artificial bee colony: ABC)
(Karaboga, 2005) Suneuisises (Firefly algorithm) (Yang, 2009) 3515AUMLUVLANILAI
(Cuckoo search: CS) (Yang & Deb, 2009) Funewiseninm (Bat algorithm) (Yang, 2010) AR
mmsﬁqmwmmaaﬁ (Fruit fly optimization: FFO) (Pan, 2012) %gumaui'%miﬁwaazaaalﬁaﬁmaﬂlﬂ
(Flower pollination algorithm) (Yang, 2012) %umau%’%@afi}ama (Krill herd algorithm) (Gandomi &
Alavi, 2012) mimmmmzﬁqwmﬂﬁm’l (Grey wolf optimization) (Mirjalili et al., 2014) Funou
’ﬁmsmmmmsﬁ'qmufumm (Whale optimization algorithm: WOA) (Mirjalili & Lewis, 2016)
Fupeuisuuae (Dragonfly algorithm) (Mirjalili, 2016) wag mimﬂ'ﬂmmzﬁqmm?imua’%a (Harris
hawks optimization) (Heidari et al., 2019) unu

mmwmmﬂumﬁgimm'i%’jumau'i%l,mm%ﬁﬁaﬂéﬁ?ﬁﬁumiwmma}jayﬂiunméamaiﬂ;ijl,ﬁﬂ
sATefivannans 1wy Uisqﬂ@ﬁsﬁymm%ﬁaﬁﬂé?l,ﬁ'aLﬁmﬂizﬁm%mwmsUszmmﬁwwmﬁma%Lﬁa
wensainneIsnsvilmseuaed mdedean Jumes (Holt-Winters: HW) 1w n1suay HW fu
ABC (Kaewpaengjuntra et al., 2010) hag n1sNaIU HW AU FFO (Jiang et al.,, 2020) #38n150818
mu%’aaaﬂiﬂiﬂaﬂﬁzqwﬂ%mm%ﬁaaﬂ&ﬁ'aLﬁuﬂizﬁm%mwmiﬂizmmhmﬁﬁﬁmaiﬁawmmmﬂ
AeAsnsuenauUsEnoU (Decomposition) wag HW W NISREATY WOA funisuenaiulseneay
waz WOA AU HW Lﬁagumvmwﬁma%ﬁmmzaﬂums‘wmmaﬂagﬂsunmiwLﬁauiwlﬁy%gmasuaa
Uszwmalng (Minsan & Minsan, 2023) way 1156aU CS FUnSLEnEIUUSENOU waE CS fiu HW Lile
hvumwwswﬁLmagﬁmmzaﬂumawmmaﬁaqmmLamiwé’ﬂmﬁmmmL‘Juﬁgu PM2.5 Tu 8 49min
Aawtlausendlng (Minsan et al., 2024) way n15uE1 WOA fUn15LenaIulsTnou wag WOA
fiu HW Lﬁ'agumvmwﬁma%ﬁmmzaﬂum'ﬁwmﬂiajaqﬂﬁmnmiwé’ﬂmﬁéwmmLﬁi’fu%u PM2.5 Tu
8 JaminnAmilouseinelng (Minsan & Minsan, 2024a)

Tusunisnernsaldsnannlnawiorafuindnsanwiiilasau fe Minsan & Minsan
(2024b) lananu WOA funisuenauUsenay uas WOA fu HW dmsunisnennsaid3unamilna
wngenafuihuelngluaelavesussmelng uag Minsan & Minsan (2024c) lanau €S funis

wonauUsENau ag CS AU HW ienwensuusuanihiluawietadvindeuvuialugsedeuly
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mang fupenvesUszmAlyy way Vimolsutjarit et al. (2025) lan1swennsalsgduiiluidouniamie
Usznalng Tnslodnuunisneinsalnisuenaiulsenouuas HW sauiy FFO uag Minsan &
Minsan (2025a) mMswennsaiuiinmiduluguiide 5 ou wasuuvessanalnelaglais nisuen
arulsznauLay HW Ha1uiy Solver GRG nonlinear lulusunsu Excel iuusganininlunis
Uszanamanfinesresiauuy annsolianuuiusiiiisuidsdafuismsiidureuses WoA lngla
Fudunesiimadoulan silmdumadenilsaulaaidunisweinsal negaulaamsaamulven
a91n Minsan & Minsan (2025b)

a

NS UTUADUIDNITAUMANALNZNGAUUVUNNRINGS Yang & Deb (2009) waunau lasu

q

U =

anuflonegnsnnluauane esniindnnisidsunuunginssunisnslvvesunnumailunis
LANVIgAIETiER TeluniauuIguazAaETIAE U IRed s Wellilvuidedith cs
TUnauiuAk Uy HW (Mauricio & Ostia, 2023; Minsan & Minsan, 2024c; Minsan et al., 2024) e
Usuammniwesneviilnideu fo ssrusenouidssedu (Level) Wauualus (Trend) wazLgeggnIa
(Seasonal) ¥39NIHUINAUFILUUNNTLENEIUYTENBY (Minsan & Minsan, 2024¢; Minsan et al.,
2024) Faduedasdoddglunmsunnaiudygineunsunasenduaiugos (wualuy gena way
Arugu) SeglimsliesgivientsneinsaiiussAvBnmgsdu nuan1AnuTikIuan vsuana
nsway CS iwatusuuunsnetnsadidneniwlunisuiuusseuuauglaesdanau vilurag
ns3in (Training) wagnsnaaay (Testing) luvayasynsunal Inalamiznsdinyuieafureya
yagnninefifamuiusuasaudurounanuaneiaiidnunsuuluiuazggma nisfinwaial
FanilauonsrUILNTUTEINMATN M TTa S ILUUNTLENEILTTENDU wagfILuy HW a2y
CS BoniBnavantun msnwnangiigauuuunnviulean-Tumes (CS-HW) wagAumAT
WngfigauuuLnn M TUNIsuenaIuUsznay (CS-D) ielsluniswernsaiTunaniillvanens
FuthalngedeulumenanuazasSunnvesUsuindlng Tnemaniinmsnaiussmnamain
MsAuAINERigafidussAns amiuduuuoynsaameifiuauuIL) anveRananly
msnensal waranansaiduuuvsdmiunsuimadanimineinsthiiiiussavsa et uluaunag

IngUszaeA
1. ﬁWLauammﬁﬂmsgumﬂ'wmmzﬁqmLmuuﬂmmiwé’m%’w%’umwmﬁma%maaﬁmwmﬁ
wenanuUsEney wavsuuulean-iumestaeiionan CS-D uag CS-HW auandy tiowfiundnauue

Tumsnennsa
2. \foUssiiulsyAvEnmaues CS-D way CS-HW Tunswennsaitiinashitlvamienafu

vl semsulunianaisiaznang iunnueslsemealng
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A1519% 1 NISNAADUVDLAIU LENANLDILAVUNT DU 5

drafuindeu
n1sNAFaU S - . S -
. oy WWau WWau WWau WWau
TJEJQLa')u = a 4 a 4 = L4 1 L4 =Y l{
A3uASUNS 2%¥5189n50] nszden fuLEan Undnwadns
Test Statistic 0.71 0.10 0.80 0.16 0.09
P-value 0.400 0.758 0.374 0.687 0.771

2. MInEuNMsAuAIEigawuuunnmitiulead-Jumes

Flean-uwes launmssensuesrsnanandlumuamiuansalunisuius dWosessums
WasuuUasessdy uulun warngna TlLIULUUUINLAL SULUUANAIE N YL YaITLADYN T
e wdazdveyanislndulTalumndeiy 15d8aansnansiuuneinsaled Tunsd

sUsuuwInaglyaunts (1) 8 (4) dmsunsneinsamuds HW ssnaduduneudadl

Wmﬂiiﬁgmw‘umﬂ
Yo =T+ PA + S enpotymoss TOr P=12,... (1)
To=a(f,~S.)+(1-a)(T,+4.) @
b=y -T)+A-1h 3)
S, =5(Y,~T)+(-6)S,, (@)

a ~ P ! s ! ¥
Je Y, fie ATNEINTUAIVILT Bl LIa t+ P

P AD PIUIUTILIANADINITNYINTEUAINUT

>

T, Mg T8AUYDIDUNTUNAT 84 1380 t

A, #o uulunmesoynauam o 1aan t ua
S, Ao qaMAYBIEYNSUIAN & Laan t
HW Tyarvinldeu 3 alaun a,y uag & 6’?@ﬁhﬁ@&ﬁz%’i1q 083 1 dwmsuA1sziu a
(Level parameter) miilnaifiesitu 1 vsnsuuudiulmandunmsdanaaanesnann Tusasian
1na 0 axlwamnudfafunisdanalueinuinnan awuiluy y (Trend parameter) ﬁwqﬁwiﬁﬁa
wuuUuRfunsdsuamesuululasssndsluadanaaign luvuedasagrilng,
LL‘U“Umauaumm'amiLﬂ?iEJuLuJawaqLLuﬂﬂmﬂqmﬁaﬂaa LL@Z@I’]QQﬂWa S (Seasonal parameter) 1
Svswavesngnia A1figed uawmalndanulnenruiunauvesggnaluauggaatgauIny

Tuvagmiaagyvdiuuuiianununiunenisidsuwlasnuganialunuganiaaian
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33 HW azlamnsilmesnisviilnteu 3 amdn loun @,y war 6 Faumazaiiyaeseming 0
fe 1 Wevnususzdu wuluy wazggnia vesveyasynsuiat Tusuideilaledaneiiu s
dleaumamTiivesia 3 afluangaudmiuiuuy HW lnsfdunounasseaziBeanisdiuan
wanshalusitaifion (Pseudo code) lundl 4 wdsnniuiassdiulsyansamusafauuy CS-HW

AENTInANUILgtuNMINeInsamuiantuingussasanmrualuaunis (5)

Objective Minimize MAE(«,7,9),

O<ax<l
Variable range 10<y <1,
0<o<1
1 5
MAE = — "IV, -] (5)

n =1

= = ¥ ° = !
e n V@J’]‘Uﬂﬂﬂ?’mEJTHJ@Q‘QWUE];‘JJaﬁﬂNUﬂWﬂUWV] 120 A1 ey

Y, uag Y, mun8fiennateuasaImeInsaan CS-HW vasynvayalniy

The number of bird host nests: N =25, the number of parameters: d= 3, the maximum number of iterations:
Tex =1,000, the time limit: MaxTime =30 sec. and the fitness value fails to improve after a specified number
=300.

Objective function f (X)), X = (X, X,, X;)" -

of iterations: Timpmve

Generate initial population of N hostnests X, (i =1,2,...,Nn).

While t< Tmax yor time < MaxTIme)or (the fitness value fails to improve after a specified 'I'improve
Fori-1ton
1.Get a cuckoo | by performing Lévy flights.
2. Calculate fitness using HW by equation (5)of a cuckoo i .

)

3.Update a host nest Xi if there is a better solution.

End for
Fori-1ton
Random P

Ifcp <P,
1. Abandon a worse nest and build a new one.
2 Calculate fitness using HW by equation (5) of a new nest i
3.Update a host nest Xi if there is a better solution.

End if
End for

Rank the solutions and find the current best X, update t =t +1.
End while

Return X" #Objective Minimize MAE(a,»",8") where o',y ,& are the optimized
parameters.

AN 4 SFATIEUUD9 CS-HW

(Minsan et al., 2024; Minsan & Minsan, 2024c)
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3. NMSWATUNSAUMANITNNETIgALUUUNN WU S IENEUUTENBY
nsUumfinesvesinuukenduUsTneunedanes iy CS fdunoumsmuimnusta
Feslunndl 5 Seanunsoagulssdiuddnledd

3.1 MsUSuruamsives (Scaling parameters)

VEIINAINUAVIULUANITAUNT (search space) ¥998ana3vu CS Ty [0, 1] wan 1
Amnsfiwesiilasn Cs mﬂ%’mmmﬁaa@ﬂgmﬁ’wmasgaaﬂaﬁa NOUAUIIATIAIIANANYDS
fnuu lngedeaunis (6)

Original Value = Scaled Value x (UB - LB) + LB (6)

Original Value fi® ﬂ"]WﬁWEﬁLG}a%mNMﬁ’JEJ%@;J”aQ%Q

Scaled Value fie Awis1imesittaan €S Tuwaa [0, 1]

UB wae LB Ao hwawumqa’qﬂ (Upper bound) taz hwauwm@‘i’ﬂqm (Lower bound) asgay
suaqmw%mﬂaﬁqﬁ;mmi nsUSuTnaTimesmedunsi slnmsaumammstwesilasin Cs
Tuwae [0, 1] ﬁ?NWiﬂLLﬂﬁﬂﬂﬁUN’lLﬂU%ﬁ’JEJR]%Q“UEN“ETE]J&& dislalumsussdiumarummnsauuesianuy
LLaﬂéauUsmauloﬁyaéNQﬂéTmLLasaamﬂgaﬁuu%uwsm%a;ﬂaayﬂsmnmﬁﬁﬂm

Tnemitsndumewiiuiuie UB uay LB feil

3.2 MIAIUINTORTAUULALANTBS B, uaz f,

ﬁ’]mméauﬂizﬂa‘uLLmIﬁ;mﬁ]’]ﬂ%@ﬂﬂaﬁﬂmﬁﬂ’ﬁamaﬂL%nguwlﬁy Y o= A+ Bt uan
AU

UB wes B,lne B, =1.23 waz B e B, =128

LB wes A, Toe B, =083, uav B, e B, =084

Ima%aﬁﬂﬁ’mﬁ’lLﬁumimuqmﬂﬁtﬁamﬂﬁL@@%Lﬁuhﬁmﬂ Tumendufumnmdwesidunn
aulnadu UB uay LB Ainsiafitmun 0.8 uay 1.2 fmuamia Minsan & Minsan (2023)

3.3 NMsAWIALEIAAUY (UB,) wazan (LB vo9 §i nIAifLUUIURUTUIN

nsimunvsuIAIMUsugn1a Tnidaauuseneuuuilutsenaneaynsunailagly
MImEaReEdy 1 agla AY, =Y, —Y, ﬁmum%@%ﬁ’ﬂﬁ’m‘uauLﬁumuuLLazéNﬁm%’UW'mﬁLmagq@jma
$,.,S,,S,...,S,, il

UB, lAlng +AUBLNG gmqqajmaq AY,]

LB, milalag -[ALeund 90 %jmsuaa AY,]

LOUNAYA ﬂammawamam%u Felunsdldl Mmammmmamammmmimuqmmamaq
AUNTULIAN

Jlalaan Original value u%ﬁ’;@?mﬂ%’uﬂsﬂm S, wianAuneuthluuszifiuanuanuusinly

nsnensasuiantuingUssasa anunsadwinlalaglyaunisi (7)
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nstlwgnadIuUsenausUiuuuIn

. . A2 o 12
Adjust S, =S, - > 'S, /12, um > S =0. (7)
i=1 i=1

‘daa

LﬁamiﬁﬂmméjuqmzLaaﬂ‘wws'}ﬁLmaiwmﬁqmﬁﬂmsmmﬂh’]ﬂaejﬁ'qmaqh’lﬂaaﬁqmaq
mmﬂmmﬂﬁauﬁuyizﬁmﬁa (Mean Absolute Error: MAE) fsasinsil 8

Objective Minimize MAE(,, 5,,5,,S,....S;,)

0.84, < B, <1.2/3,
Variable range 10.83/ < 3, <1.23!

LB, <S <UB,)fori=12,..,12

1 & 5

MAE = ="V, -] (8)

n =1

= = ” ° A !
e N wmammmawuaqeqmagaﬂﬂwumwuw 120 A1 ey

Y, wag Y, mun8fiennatauazaImeInsauan CS-D Yosynaveyainy

The number of bird host nests: N =25, the number of parameters: d =14, the maximum number of iterations:
T,ex =1,000, the time limit: MaxTime = 30 sec, and the fitness value fails to improve after a specified number
=300.

Objective function f(X), X = (X, Xy, X4 )"

of iterations: Timprove

Generate initial population of N hostnests X, (i =1,2,...,Nn).
While ¢< T, ror time < MaxTime)or the fitness value fails to improve after a specified T,

improve
Fori-=1ton
1.Get a cuckoo | by performing Lévy flights.
2.Scaling Parameters equation ).
3.Calculate fitness using decomposition by the equation (8)of a cuckoo i .

)

4.Update a host nest Xi if there is a better solution.

End for
Fori-1ton
Random P
Ifcp <Py
1. Abandon a worse nest and build a new one.
2.Scaling Parameters equation (6).
3. Calculate fitness using decomposition by the equation (8) of a new nest i
4.Update a host nest Xi if there is a better solution.
End if
End for
Rank the solutions and find the current best X update t=t+1.
End while

Return X *#Objective Minimize MAE(S;, 3,5, ,S,, .+ S;,) where B, B,,S,,S; ., Sy, are the

optimized parameters.

Al 5 safisuves CS-D
(Minsan et al., 2024; Minsan & Minsan, 2024c)

Science and Technology to Community 10 NI mansuazivalulag gy

Vol 3 No 5 September-October 2025 : TCl 1 ﬁﬁ 3 atu 5 fugngu-nAanAy 2568 - TCI 1



4. Fuang-aunud
veng-auiud 1HAsnamensufifierugnaesgeinAmeInsanisnissulunsmensol
svevdu nMstvuaiuunennsailalnensaTedeutanduanduiusush wasianduaniuslusy
U@ (Partial autocorrelation function: PACF) maaayﬂim’;amwumﬁ (Stationary time series) %138
punsunAALaAsveIn UL TUTIUAY FuuuThlUTs veng-taufiua fe Seasonal autoregressive
integrated moving average 50 SARIMA(p,d,a)(P,D,Q), Fauansly (9) (3§, 2567)
,(B)D, (B)(1L-B)’ (1-B")°Y, = 5.+, (B)0(B')z, ©)
Tned 5=¢,(B)D,(B ) u fo ﬂ"]Laﬁamaaauﬂiunamwmﬁ
(1-B)? fio 5uﬁmaqwasimwulﬂﬁq@ma (Non-seasonal difference)
(1-B")° Aw é’uﬁwaawaﬁhmwﬁq@ma (Seasonal difference)
¢,(B)=(1-¢B-¢,B*—..—¢ B") fie maamaaiuéﬁLLUU"L@J'ﬁqqmaé’uﬁU p (Non-
seasonal autoregressive operator of order p: AR(p))
6,(B)=(1-6B-6,B°-..—6,B) Ao ﬂlﬁLQE?IEILﬂﬁlauﬁlLLUUlMIﬁZ]@JﬂWaéJuﬁIU q (Non-
seasonal moving average operator of order g: MA(Q))
®,(B")=(1-®,B" —®,B* —...—®,B™) Avo n1sannesludinuudggniadusu P
(Seasonal autoregressive operator of order P: SAR(P))
0,(B")=(1-0,B"-0,B*" -..-0,B%")fe LmumLa?{am?{auﬁuwﬁq@maﬁué’u Q
(Seasonal moving average operator of order Q: SMA(Q))
B fie fasuiunisnesvds (Backward operator) lagfi BPy, = Yip
d waz D Ae AWUNYBINTMHANIUALNANIINANIATBIBYNTLLIAT ALY
L fie m1uvesngna
asUnmsassiuuuneInsalasds vend-auiud fduneudall
4.1, ATIRABUATINAITIVEIBYNTILIEN
fisnTmleynsunm naenauns M ACF uwag PACF tioTinsizmeynsuiaidinunsd
(Stationary) %38y winnuteynsuatluasi (Non-stationary) gaqﬁuﬁumiﬁﬂﬂ;@ummam
é’aﬂénﬂqﬁﬁau%"q%ﬁ'@%’jumauﬁmiﬂ
4.2. nsuUamans (Regular difference)
ynnsw ACF uag PACF Ustinneynsunanfiuualunesisdaau (Trend) o1arivuand d
(szunsmmans) Wy 1 vie 2 Werdauuluvdorlveynsunardianunsi
4.3. ﬂWiLLﬂaqwaﬁmmmq@ma (Seasonal difference)
Tunsdifingl ACF way PACF wansdnuniz83g9nia (Seasonality) 23R8IV IHAN1IML

gana lneinuanl D 1Ju 1 v5e 2 Jusgiuamuggniavedveya
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4.4. ﬂ’liLL‘Uaﬂ{JjaQa (Data transformation)
mﬂwudwm‘gﬂsmnmﬁﬂ’;mt,ﬂsﬂi’mﬁlﬁmﬁ oraluwmaiianisuuas wu mswvauudens-
fone (Box-Cox transformation) tileanaruuUsusiulnnsi wwu ﬂ’]iLLUa\‘lsleﬂa y, 0u In(y,)
vde y,* Toefl 4 o1mazegluwas -5 f 5 uay

4.5. MSMUUARUUUBIRAY (Model identification)

o
a

delneynsunarlnuifaiuasiiuas nssylassaseiuvuidosny Tnefiarswn
AR p,q,Puaz Q
4.6. NM3UsZUIUAMNIITRES (Parameter estimation)
ynsUszIMA NS T IR L UUAIE TR TT A 1wy 3’%ﬁwé’aaaaﬁaaﬁqm (Ordinary
least squares: OLS)
4.7. NMINTIVADUAMULRINEANVDIAMUU (Model diagnostics)
4.7.1 vegeutuddyveanisiines lyadnnisnagoud (t-test) il oRa3an316
Ussanauunaziiieddayneadavioly
4.7.2 asagounnududasyvesmunaineaey lyann Ljung-Box lasAnvua lag i
wzan (U 36) Hensivaeunaruaainndouinsnszaedududasenioly
4.7.3 aradounsuanuasuni lyadn Kolmogorov-Smirnov (KS test) Lﬁ'aaiwmm
AaaLAReuiizUuuunswanuasinaifesnfiviely
4.7.4 mmaauﬁwm?{maamﬂmmmLﬂﬁauLﬁwﬁU@ué yadnsnaaoud (ttest)
4.7.5 asradeumuulsusiun luadinisadeuveuaiu (Levene’s test) Lﬁ@@dw
auraawasuiiauulsUT LA aLenaentIIa T muAvEe L
mnfauuulinudeulals o luduneunisasieaeui msuuunvdodendawuuln
Tnsgeundulurenlutuneuil 4.5 s 4.7 sunnaglafuuuiinzan
4.8. MINEINIQL (Forecasting)
ﬁﬂgﬁlLLUUﬁﬁhumim‘ﬁ’ﬁ]?{aULLE:’J?,J’IEL‘?}}W8’1ﬂiﬂjauﬂﬁﬁ\lL’Ja’]m’mﬁﬁl’.}ﬂﬁg@ﬂﬂ’li Tngaandsluwa

NSNEINTUIAUULTRNBUALABARABITUNGFNTTUYDIVBYATT

5. MsUsziuUsEansaw
a = d’l ! dl ! o
nsUssiiiuvasnisfnuiuussenduasaussianiiuanmaiu
Uselanusnae “seuzuayailniu” ITngUsratalilassykuInINITaT UL g
Tnensuseiiiudsednsamauuinidlalven MAE fanluyisynveyaidnay

Tngil MAE = 1%\\4 -Y,|

N, =
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n, vnedsaruemvssyaveyaiinduiuail 120 a1 wag Y, uaz Y, mneisenaiauazen
nensalvesyRYayaindu Ay
nauesn1 MAE luszervayaiindutiaglan MAE avn 4 357
- wonaruusgnaulaelusunsudisagy Minitab #ds Decomposition (Minitab-D) 4
TWsunsuazvhnsussanammsdwesiivsnzay £,,4,,5,.S,.. S, lnednluia
- wadansiinsuaedhdalean-iumes Taslusunsudngagy Excel #1ds Forecast
Sheet (ForecastSheet-HW) dslusunsuazyinisdssunammsfiwesiuizay o, y
wag & lngdnlula
- AumANEfigILUIUNN I UNSkenaulsEnay (CS-D) uay
- AumAnEfigaLUuNN I UlBaR-Tumes (CS-HW)
TngazlSouiisumeniiiniignves MAE uguitsuifu 2 g fie Minitab-D 1WSsuiflsudu CS-
D WAz ForecastSheet-HW Wisuifisy CS-HW itefinnsaunaialafivssananmsniinesia
Wz
Uszinmaefe “%smTaagamaaU” ﬁi’mqﬂizméﬁaﬂizLﬁummmu'ﬁﬂumiwmﬂiaj
asnvessnuuTngluduuunennsaiaamun 2 Tude 24 o Tusvesrdladaia MAE Tunns
Ussiiiy

1 p
MAE:QZ Y, -Y,

t=121

Y, gz Y, MngfiennateuarAIneInIavesynuelanageu anuany
N MNEENANENIVRIYATDYAMVIUAT 144 A1 Tag? t Suauil 121 quis 144
lngazilguiigumafisnigaues MAE 5 35 A Minitab-D, CS-D, ForecastSheet-HW, CS-

HW uagdSuang-Lauiua ieiinnsannmatalaiussanaanisninesamunsign

NAN3338
1. M3dnsziuszgansnnluszezyadoyarinu
msiteadadlaTeuiisuussAnsnmuesiauuy CS-HW wag CS-D fulusunsudniagy 2
38 laun Minitab-D wag ForecastSheet-HW Tnglygnuayaoynsunatseiieudsafuusum
flnawrerafvdndeulunianarsazninnzTuanvestsemalng (Training set) naaguaIAI
AaRLARDURABIUY MAE uansdlilunisadi 2
Tun1s3ufuuy CS-HW waz CS-D fmunsiuiuseu (terations) lunisaumenaulaii
1,000 s8u Tngly Python Google Colab @silnadsandsyananalsyana 20 "“Jmﬁﬁimgﬂégau”a e

ATIATIZUAITNN 2 TINAUIT NSNANUSANDIAL CS [WAUAILUY HW Lazn1shenaliulsenau
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Pofiugauamnsnensalnlnaidssaaieanndu Wewisudsusunislalusunsudniagy
Minitab-D s ForecastSheet-HW dangilaina MAE fisnnalunnenafuiindeuris 5 uns

i éfm%’mzassq@%agaﬁﬂmu anunsnagulan

- C5-D Inian MAE #2138 wenauusenouiuy Minitab-D

- CS-HW Ty MAE 6n2138 HW filaanniusunsud$asy ForecastSheet-HW

nadsnanuandmiuisdneninvesnisszenadaneifiu Cs lunmsusumsdmesvosi
wuuTts HW wazkenaiudsenau dsanmnsailulemesenluniswennsaioynsunaissandy 4 la

p8n9ilUszansSnndarulusuag

A1379 2 MAE vasgnveyalnauluisagenaiuinleu

srafutindou
AU Wou Wou oy Wou Wou
A3uUAsUNS  2T51ansal nsziden viuigan  Undnvadns
15301 Minitab-D 160.0198 213.5383 14.6219 9.4960 109.1045
éauﬂizﬂau CS-D 151.8844 167.4885 13.5084 8.4132 98.3076
Iaa@i—%umai‘ ForecastSheet-HW 210.7096 249.4301 17.9591 11.3919 160.0426
CS-HW 162.6741 217.0941 14.5921 7.8170 105.1020

WBWR: fiiufe MAE ide Minitab-D Uag CS-D LAs¥MIN ForecastSheet-HW uag CS-HW

2. MynnsivsEavisnwlussesyadayanagay
Tusszyaveyaveaeuillafimslesuuuvend-auiud snsalumsasisiuuunud Minsan &
Minsan (2024¢) lenamilan mawennsaieynaunailuveyatiwenfimuulsiuremeyainaiula ms
wuseyaduyavoyaiinduuasndeunynveyats 2 SinvamReatuynuszms anueaaadoudila
MnFuuiiafian (Aarmeaaedeusingn) nyaveyalniufssasstutugnueyannaey wAns
wensaieynaunaluteyaTidimuLsiureseyn Anuunmadnuesionatsiniuluynveyaiiny

fugevayanageuistulaaye duluieidulselovunanistawennsaarmululy nsifiudawuy

o o A

duq Tumsnensudadudsdrdennsnuni dedulumsfnudiwfiunsasenuuueng-lauiug

(Bl
Jourturuns fuuu SARIMA(0,1,2)(0,11),, faunsnennsade
Y=Y _+Y,_,~Y, ,+0.3527e_+0.2357¢,_,+0.81638_,,+0.287%, ,,+0.1924e, ,
Jowrsasnsal fuuu SARIMA(0,1,1)(0,1.1) ,, Taunsnennsaide
Y=Y, +Y,_,—Y,_+0.7046e_+0.8084e,_,+0.5696e, ,

Jounsuiden duuu SARIMA(3,1,0)(0,1,1),, faunsnensaiie
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Y= 0.5977Y,_+0.1724Y,_, —0.1537Y, , +0.3836Y,_,
+Y,_,—0.5977Y, ,, —0.1724Y, , +0.1537Y, .—0.3836Y, . +0.8371e, ,

Jowtuiaan fauuu SARIMA(0,1,2)(0,1,1) ,, Taunswennsnie
Y=Y _+Y,_,—Y, ,+0.4415e_+0.206%, ,+0.86536, ,,+0.3820e,_,,+0.1792¢, ,,
Jouhdnuadv duvu SARIMA(LL1)(1,2,1),, fauniswensnide
Y=1.406Y,_—0.406Y, , +1.4195Y, , ~1.996Y_,

+0.5764Y,_, +0.161Y, ,, —0.2262Y, . +0.0652Y,

—0.5805Y,_,, +0.8161Y, ,, —0.2356Y,_, +0.806¢, , +0.8604e, ,, +0.6932¢,_,,
TPB LU LN SRS AU N AT LU U Bou Fapnsd 3

A15199 3 FLUUUBNY-LauAUE LLagﬂWi(ﬂi’J"\]ﬂ@‘Uﬂ?WNLMQJ'WE?!&I“(JEN(%T’]LLUULLEJﬂG]'WiJQNLﬁU‘Ij’]L%E]u

e %o Box-Jenkins t-test Levene KS LB Lag 36
NNUUILVDIU
SARlMA( p,d, q)( P, D, Q) 1, (P-value) (P-value) (P-value) (P-value)
JourduaTuns SARIMA(0,1,2)(0,1,1),, 0.22 1.25 0.051 43.53
(0.824)  (0.267)  (>0.150)  (0.104)
Fowdsnansnl SARIMA(0,1,1)(0,11) , -0.10 4.63 0.082 47.99
(0917)  (0.054)  (0.074)  (0.056)
\Founsuiden SARIMA(3,1,0)(0,1,1) " 0.50 0.02 0.076 41.71
(0.618)  (0.875)  (0.129)  (0.117)
deusiuga  SARIMA(0,1,2)(0,11) 0.05 3.70 0.062 37.61
(0.964)  (0.057)  (>0.150)  (0.266)
\Foulndnvaans SARIMA (1,1,1)(1,2,1) , -0.38 1.05 0.088 43.44

(0.703) (0.309) (0.067) (0.085)

newmn  * Uiasauyigiuineiiseautedy 0.05

A induuulenisuuas Box-Cox lagnisly LN

fioagUuazdnidenduuuiiivsydvsnmgaandmiuwarorniuvindeulussyavoyanaaoy
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S5UAL 2568

srafiutndou
Wau/A a.a. \Wau Wau \dau \Wau Wau
AIuAIUNS 2%5189n38d nsziden nuLEan Undnvadns
Jan-24 105 45 0 1 124
Feb-24 101 38 6 3 126
Mar-24 101 29 3 3 103
Apr-24 118 31 11 2 7
May-24 201 134 38 5 111
Jun-24 217 230 19 5 102
Jul-24 507 788 24 4 161
Aug-24 981 1,572 28 5 239
Sep-24 1,165 1,211 76 41 717
Oct-24 1,301 947 101 66 490
Nov-24 402 205 21 11 166
Dec-24 185 81 1 2 120
Jan-25 111 44 0 1 133
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Jul-25 513 788 24 4 170
Aug-25 987 1,572 28 5 247
Sep-25 1,171 1,210 76 a1 726
Oct-25 1,307 946 101 66 498
Nov-25 408 204 21 11 175
Dec-25 191 81 1 2 129
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Abstract

This research project aimed to determine the optimal conditions of peanut shells using
the sizes smaller and larger than 2 mm, initial pH values of 5, 6, 7, 8, 9, contact times of 30,
45, 60, 75 minutes and compare the adsorption efficiency to remove dye as well as to study
a morphology of peanut shells for dying adsorption using SEM. The experiment was conducted
by using peanut shells of various sizes, each weighing 20 ¢, put into 150 mL of dyeing process
wastewater in an Erlenmeyer flask 250 mL and shaken at 150 rpm. Based on the results, the
characteristics of wastewater from fabric dyeing process were an indigo- colored appearance
and a color value of 11,600 ADMI. The optimum conditions of dye removal were at initial pH
5, contact time of 30 minutes and the use of peanut shells smaller than 2 mm. Under these
optimal conditions, the highest dye adsorption efficiency achieved was 89.65%. These results
indicate that peanut shells smaller than 2 mm can be effectively used as a biomass adsorbent

for the preliminary treatment of wastewater from community-based fabric dyeing processes.

Keywords: Adsorption efficiency of dye, Directs dye, Peanut shells, SEM
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Abstract

Streptococcus suis (S. suis) is a significant pathogen in humans that can easily cause
an infection through direct contraction with pigs or contaminated pig products, causing
zoonotic disease. This study aimed to assess the prevalence of S. suis and S. suis serotype 2
or 1/2 in minced pork, tenderloin, pork internal organs including heart, liver, and blood from
retail markets in Phayao Province, Thailand. All collected samples were cultured in Todd-
Hewitt broth with Streptococcus Selective Supplement and detected S. suis and S. suis
serotype 2 or 1/2 using multiplex polymerase chain reaction (PCR). From a total of 66 samples,
S. suis and S. suis serotype 2 or 1/2 were detected at the contamination rates of 62.1% and
15.2%, respectively. The highest prevalence was found in blood samples. This study revealed
the risk of S. suis infection for individuals consuming raw pork or working closely with raw pork
and its internal organs. Therefore, it is essential to implement food safety campaigns to

prevent and control this disease.

Keywords: Streptococcus suis, Prevalence, Raw pork, Pig organs, Phayao province

unin

L%la Streptococcus suis (S. suis) aa”mLﬂur’?’?aLmﬂﬁL’%&Jﬁﬁasl,ﬁl,ﬁﬂﬂaumwgwuqmmwsuamuwé
dedualnemssiuansvidendnstunannans lsefiiAnainnisfode wu Wevuaussdnay Aadely
nszuadon warnnzdenannisinide dwenathlugnisgapdenisladuniededislunsdsuus de
Wudamaaylunaneusena (Kerdsin, 2022) o . suis dmdudeuuailiBeUssan facultative
anaerobe fnunsuuan JUs9nau Fndssiaduuuvaiedu q viewdug Tneansiduumasiilsan
5I3UYIR L%@@ﬂﬁ’sagu‘%Law{awau%aﬁnmwmumﬂ Woylnsaayn madueurzduiug uay
mafuemsvesanslaslunelse uazanusafnnongaula (Zoonosis) Ineldeaziungsienioniu
yavIaLKG sesnapnviaieynn suinisuilaadleniadonansiu amnsaduunidelavion
35 #l3ln1 Tnwenderuunnnnessueufauuuiualgavesde Inedlslndfifnuguusuasmy
lpuosie @lslny 2 (gfiu auvsusea uazAny, 2565)

31N1897ULALNBITTUININET NSUAIVANLIA NTENTNETIsNgUUsEInelne J wa. 2565
WUgRALD S. suis $1UIU 386 18 waideTin 9 918 Saytisarlunyeylunquigieny wayTorhan
Tnenusisaumsiadesnniiaalu namile (nsurauaulsn, 2567) oraidesnaintausssuns
u3lnnemsAv laun wyauAvy a1 wagng lumawie deilausznavvesiogns du Wile uas

Wendlurunisussgn dmsudmdangiendsienunisinige S. suis 16 518 Tud w.e. 2566 lagny

Science and Technology to Community 40 MsETIvemanswazialuladayuvu

Vol 3 No 5 September-October 2025 : TCl 1 ﬁﬁ 3 atu 5 fugngu-nAanAy 2568 - TCI 1



wnfgaluginensndln 509a%NAe SNDLTEIAT NBI9 U UI kagdLNBLIBINELET AUEIAY
(nsuAuAalse, 2567)

lusgmalngannisfnuifuuuinunisvudeuvende S. suis Mndeeallognsiu uas

[y A o ! v ¥ = ¢ s (Y =
gigzanInImvuiglunainan s1uAUaN wasgUesunsin AAnatvesUsemalne ludnsngeds
sovag 85.23 wazlauwu S. suis Tlsiny 2 seway 17.05 (Boonyong et al., 2019) LagaInAsANE)
nstudouvendelutiiaansiu wavelisizansnimuglunainaaluunsnoios Janingusing
U w.m.2567 (Guntala et al., 2024) wunstudeuwes S. suis uaz S. suis Blslnd 2 Andusesay 84
waz 3¢ mua1su nnsAneiinunwanslmdiuninisvudewvende S. suis lueteizgns uay
Weans Tudnsnas Wnaaniznisuwlouves S. suis Flslny 2 Fadu #lslvd finelsandannnuguuss
e{' a & < A P I ¥ A Y o g .
WNAgn wagnumsiaelulyveusefian wnegndlsinuveyaiiieivesiunmsvuideuves S. suis
Tulleansuazaiviggnsnluniunisussaniudminngiendios et InenusneaunIsweniaan
gnsaun1mAaInsumng o Tuiundeaianeiend w.e. 2553 (Thongkamkoon et al., 2017) iigs

= = =t L v e ¥ Y = =2 e mo oA a
nsAnwRe Feanunsaueniielagetiasesas 62.8 muwgillun1sAnyidadlinguszasaiiioUseiiiy
n1sUwdeureta S. suis war S. suis Flslnd 2 v3e 1/2 Muwenlaainieansun wedulu oy
aeluvesans lawn #ala du waziden Mneatna1vanluiundmiangien adewmaia Multiplex
PCR wiarduuselovuludaszuiniven wagbninanunszmin sulvdaduswimislunisdesiunig

lpsuie S. suis 9InNMssulszmuemsNiiiegnsiu wazetezanshividuaiulsznou

ada v

521U8Ua5IY
NSNUARIDES

yhmsqufiuiesnaioansun iedulu efeznigluvesans laun wla fu uasiden uuy
wusidunay (cluster sampling) MnaaaanvwIly RS ey S1uIu 2 uns Tuunazsne
vosiminnzie laun lwnsuneidesd uwila nondile qu uandemein dwdusunadiomeien
%aﬁﬁuﬁmmmﬁlmg $auUszrnsmunuuy @onifiusiegnsiuaay 1 nann $1ua 8 Fua 9Nt
yhmafusessiidnsmunelusunedeans 1 83 2 91u fesnsar 200 nfu ldgawatainazon
Tunaeslnluussguuds grsnaiivnafudiesns deumdeu e 89 fueneu wa. 2567
9?'1LﬁumﬁLﬂsﬁzﬁmqﬁawﬁﬁamimdui’uﬁLﬁ*ué'haEJ"N
N1SLATEUAIDENN

wisusosaunazvia Taeduhenateduluaniuazetrzansiu Fuwasiile) fosnsay
100 n3u Flulatudn q wissnsegnunazedauenllunwuzusaanidslnowonauaiingiesns
wagauiuii i1 Audie19 91nduray Saline solution AIMIINTUTOBAY 0.9 UFuAs 20-50

fadans luunarsiee1e naulmaniunieladu (blender) dnasavarafiaenadila 100 lulasang

Science and Technology to Community 41 NIATInemansuazialuladguuvy

Vol 3 No 5 September-October 2025 : TCl 1 ﬁﬁ 3 atu 5 fugngu-nAanAy 2568 - TCI 1



WAuasly Todd-Hewitt broth i Streptococcus Selective Supplement U3unes 5 dadans dmsu
Fregrnden  Jwadaes13Usuing 100 lulasans 1Auate111s Todd-Hewitt broth 7
Streptococcus Selective Supplement (Himedia, India) U305 5 1adans ﬁu‘ﬁqquﬁ 37 99A7
waidea Wunan 18 - 24 Falus hidesnsmnmamzidesuemsiasanids Todd-Hewitt broth 73l
Streptococcus Selective Supplement Usuns 1 dadans aﬁmmsﬁuqﬂﬁmﬁmﬁLﬁul,aéj’;m;@aﬁ’m

a

éﬁL%fﬂg‘U PureDireX Genomic DNA Isolation Kit (Bio-Helix, Taiwan) mm%‘ﬁuusﬁﬂmwjmﬁm VAU
anstugnssuilalugdugamad 20 ssmuwaidea aunagyinisfnuiluduseunsly
AsATIILYe S. suis @8 wailla Multiplex PCR

A5 T0 S. suis warsuun Flslnd 2 nie 1/2 maswmada Multiplex PCR Ingaiie
Inswesiisnmzne 165 lsluluwea Mduie (165 ribosomal DNA) veule S. suis (165-195(s) uay
165-689(as2) uaz lwswosfiswmzaeiu cos voude S. suis dlsind 2 wie 1/2 (Cps2J-s uas
Cps2J-as) (Marois et al., 2004) LARIFINIS19T 1 Imadauﬂaznawmﬂgjﬁ%mﬁi%ﬁumﬁnmﬁy
Usznounie DreamTaq Green PCR Master Mix (Thermo Scientific, USA) Usu1as 12.5 lulasdns
Mdwenuuuy 1 lulasdns Inswesanuurulnsiwesay 20 lulasluans Yunsaanie 25
lulasdns annzlunisinufisends 95 asawardod w2 Wi @Y Initial denaturation
UFATeviavia 40 50U lAkn Denaturation 95 aariwaiied 30 3unf Annealing 60 avrwaIdod
30 Ju¥ Extension 72 adwal@ea 1 W19l way Final extension 72 asfwal@ed 5 w1 d1msu
Positive control ﬁi%?lumsﬁamﬁléluﬂ%a S. suis %Iﬂ‘l/l‘lj 1 (DMST26744), S. suis %I‘ﬂﬁ/l‘ij 1/2
(DMST26745) uag S. suis 3slnd 2 (DMST18783) ?farﬁuLﬁ‘gamaﬁuﬁ:mmgmmﬂ@uéiwmmm8
ﬂ’ué:LLUﬂﬁL'%awwaﬂWSLmeé NSUINYIMANTNITUNNEY (Department of Medical Sciences Culture
Collection: DMST) N5¥NTINATITUEY Imalﬁ%’ummaumﬁwﬁmﬂmmsé AT.NUNAONNIY NI
WUS ANTANITAENT UNIINOIFENELEN ATIFEOURARSANTLAA18 Novel juice (Bio-HELIX,
Taiwan) LAzSaLaY 2 U Agarose Gel electrophoresis ATIvEUNAMIEIASDY UV transilluminator

#1538 Gel document (BIO-RAD, USA)

i o v . o %
A15197 1 LansasuLuaves Primer Alalunisvnaau

Primer Sequences (5’-3’) PCR Product size (bp)
165-195(s) CAGTATTTACCGCATGGTAGATAT 319
16S-489(as2) GTAAGATACCGTCAAGTGAGAA
Cps2J-s GTTGAGTCCTTATACACCTGTT 460
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1Usunsu Graphpad Prism (version 9.3.0) wag STATA (version 18)

NaN1338

mnmsaufivsesaioansun eduly uazetuiznreluresans laun sila Fuuaziden
MnaaeAUANTUTITAmNEE SR 66 F18EN1 ASATIIED S. suis wae S, suis sl 2
V58 1/2 mewmailn Multiplex PCR wuidle S. suis aniusesay 62.1 wagluwauaniu . suis d1slmd 2
%39 1/2 Lﬂu';aalaz 15.2 wamaﬁnmuﬁmé’w’mwmﬁ 2 mWLLamﬁ’JaéNﬂ’ﬁm%}mL%a S. suis Wy S. suis

Fslnd 2 %0 1/2 mewiafla Multiplex PCR wansianmd 1

M 4 5 6 PC1 PC2 PC3 NC

3000 bp

1000 bp
00 bp 460 bp
319 bp

100 bp

AW 1 wanImanITIIVe S. suis uaz S. suis lslnt 2 vide 1/2 ndresnadlegnavioatie
qﬂiﬁugammﬁﬂ Multiplex PCR Lane M: DNA ladder marker,Lane 1 uag 2 wand do813d
NAUANAD S. suis WAy S. suis Tl5lnl 2 W38 1/2, Lane 3 84 6 wansiognsiilvinaaunoide S. suis
uag S. suis Glslm] 2 w30 1/2, Lane PC1L: Positive control S. suis #lslny 1, Lane PC2: Positive
control . suis &slnd 1/2, Lane PC3: Positive control S. suis Flslnl 2 uaw Lane NC: Negative

control TREUWIA 319 bp WaAdEs S. suis wazULA 460 bp wansds S. suis Tslmd 2 wde 1/2
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Sofinnsandnssesaznisnuide S. suis uas S. suis sl 2 ve 1/2 Mnfesrunasain
Tunsine wusasmsvudewnes s, suis IuﬁaaéwLﬁammﬂﬁqmﬁmﬂu;@sas 85.7 50988 lawn
fiu (sewaz 68.8) ileansun (seeaw 56.3) vila (seway 50.0) wazdulu (sopay 40.0) MR way
wupMLARAsiuREeTuddymeada (o = 0.015) WewSsuiteusnsmsuudoueade s. suis
Tumegaunazaiin Snsnsuudouves s suis 8lslnd 2 wde 172 wulusesadengeananiduses
av 35.7 50923 lown fu (Sevay 12.5), &ulu (508ay 10.0), ¥ila (50882 10.0) UATANIUA (5008
6.3) MUEWU warnuALLANANSueENdTuddTneEdi (o = 0.015) WewSsudisudnsins
Yudouresde s. suis Fslnd 2 vide 1/2 lushesrsumareiln defnwilSouiisusnmmsvudon
vesde S. suis waz S. suis Tl 2 e 1/2 lufegnunareiin nanIsANEILEAISRIINIINNS

o w

Juileuluieenadongeiign su1alledAyneadan p = 0.004 LaARIN13197 2 Wagn1nil 2

AN5199 2 wanan1sULUeured S. suis wag S. suis TSl 2 39 1/2 auvdefioens

oL . L uUReE1 linauan (Gavaz)
AR89 UIUAIDEN (n) — p - Value
S. suis S. suis @lslnd 2 wse 1/2

Wla 10 5 (50.0) 1(10.0) 0.910
Fiu 16 11 (68.8) 2(12.5) 0.383
dulu 10 4 (40.0) 1(10.0) 0.276
Lﬁaqﬂsm 16 9 (56.3) 1(6.3) 0.044*
\don 14 12 (85.7) 5 (35.7) 0.004*
U VLA 66 41 (62.1) 10 (15.2) 0.015

nugLue * p-value < 0.05
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5. suis S. suis serotype 2 W3 1/2

AN 2 LAR95R8asNISUULUYDNTD S. suis WAy S. suis ASNU 2 Y39 1/2 ANFBY1NTLA Fu

a o

dulu Wognsun uaviien dudnual * wansnuunnaseeltedAyneedain p < 0.05

N158AUTIENA

nsnwiiiaguszasaiiiomnisuudonnende S suis wae . suis Tslnd 2 vie 1/2 4
wenlaanideansun iedulu wazetnznieluvesans loun ila dunasiden sneaaanluiwia
w1 718733 Multiplex PCR 91n#10819% 99 66 F10819 nunisuudeuveade S. suis uas
s. suis T3l 2 wdo 1/2 gaflasoway 62.1 way 15.2 mudidu lewusasnisuudeuveade s
suis wag S. suis A5l 2 e 1/2 luiouadengefignesnsiidoddamisada (o = 0.004) 39
aonnasafusuIdonoumuillud we. 2557 (Noppon et al, 2014) Fesrsarunisvudouves S
suis @5lnd 2 s0wa¢ 12.8 9118 9ansua Leansan dengnsan du filuniunisUssan 7
SminslunianzTusenidouniovesUszmdlng ne3s Multiplex PCR Tugnaiounnsiay &
NEWAAU WA 2556 LLazwué’mwmsﬂuLﬂyauqaaém?ﬁ’aé’wﬁ’zﬂuﬁaasfmﬁam (308% 24.6) WA
opndlsfmusannmstudeuvesde s suis mnnsAnmiiuesnnsenuneuilufiuiiananans
vosUsznalneg w6 2562 (Boonyong et al., 2019) Gwhmsinudaesns eansalan egnsun
§u Yon wariiile waznusnsimsuudeuveade S. suis sevay 85.2 medtmaia Loop-mediated
isothermal amplification (LAMP) Tuwaaiieunsngiau w.e. 2559 fis $uanau w.a. 2560 lagmy

dns1n1sUuULTauvad S. suis F15tnl 2 sevay 17.1 waznisanwinoununilufiundwiadesluy J
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.. 2567 (Guntala et al,, 2024) WUAMNYNTONTD S. suis uaz S. suis Tl 2 Sovay 84 uax 34
pudIRu 0819 ofeeans laun wala uazUon uas dulu maenada LAMP 1n8nsins
vudoufiunnasiu orafiosinanuunnasressiinewinesns wadealunisasaiiesedlas
malansasIaias1znne LAMP fanulilunisnsaadaiinnnnanda Multiplex PCR fuitlunisifiy
fa9879 srezaalunsAnefiunneetu unesnslsfiniulagiumeda Multiplex PCR gayaly
dumadaunsgiui samdalunsidedouazduundlslndvend e Taealunisasians
%@qﬂﬁﬁamﬂumﬁﬁaﬁaLs?jyalmyuri nMamzdsade LLazizqmﬁmaﬂL%@@Twmimaauamé’wmg
NNTAL] mﬂﬁ?uaﬁ’wLLUﬂGTIIi"LV]JGU@@LG’?T@@T’;ﬂﬂwsmaawﬁﬁ%mmii’smﬁm (agglutination) S¥%314
LLauﬁwuuuﬁaLmﬂﬁamaqL%‘yaﬁ’uLLauﬁs'?J%"mﬁai’%WﬂszULw{as serotype 5&Lﬁju3§mm§m (gold
standard method) uafialra1ege uaglyinaumilunisedunismadey (Gottschalk et al., 1993;
Jiemsup et al., 2025) mnmstudouvende S suis lusessdiviinaneseraasdlonansiany
Aolauesuagluansausnidiolamemamgidss fdunismsraeuuendlslndvondonieisoun
1 coagulation test 3aluanansaritla lumsanwilnswesilaluansosuun dsind 2 uay
1/2 ponndula Fadureditavisvesnsfine o S suis lslnd 2 Snnelsalugnsanunse
fnnaguyuelamnnm Fedadudlslniidaruddgmansugia uasanssuguesnennmidls
nd 8u 9 (Goyette-Desjardins et al,, 2014) uppeslsfinuiiseaununsinge S. suis Tstvlay
wiu Blslnd 5, 14, 24 uar 31 TugtisannisuslaadeansiiluiunisUsanlulsemelveisuiy
(Hatrongjit et al., 2015)

dgl" . % 49{} o a Qll G a a ! a
Je S. suis anduiioUszdauiinulalugnsaunmd lngianzusnuneuveuda Insayn

'
=) % s =)

MAURUBTLILHUIUG LAZNUAUDINITURIENT Lmaqﬂiﬁqﬁf{mﬁ’uamm%memmﬁﬂamazﬁﬂiﬂ
ﬁ'ﬁyu (Subuttamongkol & Theerawat, 2022) 5&L%mmmaqﬁamimﬁamLLaz'gﬂimai’mw{Nﬂ "Lﬁy
awalnAnnsuudeussmseteransuaniegnanunszuiunisaniiontsuilnng (Segura et al.,
2020) nMsEnwEnuRe S. suis waw S. suis Tslnd 2 vide 1/2 ludemnudafivnandnw way
wumsudouresdeinniignainiesiaden msfinnilidenlsieuileansuazetonzansiiden
Talun1susznevesiuuiuresmamilefe aiuiv wansAnvianditufinisundeuveade
S. suis %mmmai’mzﬁuaqqmﬁﬁﬁ?a S. suis Usgdndiu mé’uﬁauazai’mzqﬂilﬁamiﬁim 31019
L{‘]umm@;ﬁné’@ﬁﬁ@lﬁﬁﬂmiam% S. suis quuwsﬂg{ ruynamsduiaviensuilnadleuavetony
ansfilurunisussanla (Lunha et al, 2022) manumstudeulusedugeonafianmnainnsee
qmé’ﬂwmzLLazmmgm@gﬁuqmamﬁaslu%u’umaums@h nsdpuaie nsdaniaide uaznismunely
paNAasiY ﬁqﬁ?uﬁqﬁmwauﬁuiﬂgfhufaLLazad"mzqﬂiaULﬁuLLwéaﬁwﬁ@mQQL%a s. suis finelwiAn

nsandelunyee nsamzlunauuaraivinulnatniuilowazofenzansau
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158N TUATIN TIN5 AUAI 981952 NINNLA DUAINIAL D9 AU18U W.A. 2567 Fardu

[ '
=] )

naningnnieluiiundwminnsien lneamzdnnailiomsien qu 1Teei wazaenmls Fadu
& A [~y ! 5 v 5 ¥ & v =
funlunisnudiesn wutnands ddilwanain wazanmeinieseudulugguy e1adudadenily
o o Y o = S ' ' o a ' Y a a & 4
MAgvasiuanuasealuanslursuvseseniansvuatliuddlsadion amalwinnisinensenis
- E | ~ g A 2
LWINTEABVDUYBUINTY (Segura et al., 2020) F9auNT0ATINULYBLAINAIRE1NNTIN Tana
= :J’ dgj ¥ U a o ' ¥ lﬁil dl U L2 = ! dl v ¥ &J
nsfnwasidasnnassiunuIdensununluiiunImingedny Anudnsinisvudeureate S.
=, ¢ o ! & Y a N VP ! ! ¥ =
suis Alstny 2 Tudeenailowaredvansvlununimindudnugelurimuganu lneameiou
WOUAIANLAZATNYIAN (Guntala et al,, 2024) WaAINIEAINWINGBUIUYINANUDINT DADNNT
WWINTENEVRLYB S. suis #BAARBINUTIENUBATINITAATolUNY LY Tanunsande S. suis Tu
Uszimnalneduuilungslunsgauussmiaseuliquisuiiaiueiey (Kerdsin, 2022) wenianniveya
PNFINIUIRNIYUATEEIMINUI d3maugUleidaie S. suis Wwisunssnwiaduluyiegg
50U (Wweudadiquiew) wagaru @naudwaiai) (Rayanakomn et al., 2019) 3NNSAURIRE
luusagaainnunisluasesiienis 9 sauiu wu da Wes lunsdmneiledgns eleivans uaziien
TN gauniias wazAnunglunain weasasunsvulowventala (Guntala et al., 2024)
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= U O = N = - ¥
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Abstract

This participatory action research aims to analyze the current situation, develop a
service model and evaluate the outcome for lending assistive devices and medical equipment
in Lopburi Province. The study employs the AIC (Appreciation, Influence, and Control)
participatory planning process. The sample group consists of 25 individuals, including
committee members and staff of the Lopburi Provincial Rehabilitation Fund of 85 individuals.
Data were collected using questionnaires, interviews, and open-ended questions developed
by the researcher from October 2023 to September 2024. Quantitative data were analyzed
using descriptive statistics, while qualitative data were analyzed using content analysis.

The study results indicate that: 1) Persons with disabilities, elderly individuals with
dependency, and those in need of rehabilitation in Lopburi Province face limited access to
assistive devices and medical equipment. Additionally, service units experience shortages of
essential assistive devices and medical equipment. 2) The developed service model includes
a lending system for assistive devices, guidance on their proper use and maintenance, and
coordination with multidisciplinary teams in the area for continued care. This model operates
under the Assistive Device and Medical Equipment Lending Center of the Lopburi Provincial
Administrative Organization. 3) The model was implemented for two months. 4) The
evaluation revealed that individuals in need could access assistive devices more
comprehensively, enabling them to maintain a better quality of life. Overall satisfaction with
the service was rated at the highest level. Recommendations this study suggests expanding
the list of assistive devices and medical equipment to better meet the needs of service users.
Additionally, increasing public awareness through various communication channels about the
assistive device and medical equipment lending service is recommended to enhance

operational efficiency.

Keywords: Development of service model, Lending, Prosthetic devices, Medical equipment
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Abstract

This quasi- experimental study with two group pretest- posttest design aimed to
evaluate the effectiveness of a health literacy improvement program conducted by family
doctors on health outcomes in hypertensive patients in Hang Chat District, Lampang Province.
The sample consisted of patients with uncontrolled hypertension through purposive sampling.
The experimental group (60 participants) attended the health literacy improvement program
by family doctors four times, while the control group (60 participants) received routine health
literacy education. Research tools included the health literacy improvement program by
family doctors, a health literacy and behavior questionnaire for hypertensive patients, a stroke
risk assessment form, and a general information record. Quantitative data analysis utilized
descriptive statistics, Independent t-test, and Dependent t-test.

Results indicated that the experimental group showed significant the experimental group's
health literacy significantly improved after participating in the program, compared to before and
compared to the control group (P-value = 0.001). Health behaviors also significantly improved in
the experimental group compared to before and compared to the control group (P-value = 0.001).
Systolic blood pressure levels were significantly better in the experimental group compared to
before and compared to the control group (P-value = 0.004). The risk of stroke was also
significantly reduced in the experimental group compared to before and compared to the control
group (P-value = 0.024).The study concluded that the health literacy improvement program by
family doctors effectively reduced stroke risk in hypertensive patients. The program's success in
enhancing health literacy and promoting health behavior changes was attributed to appropriate
knowledge dissemination, continuous monitoring and evaluation by family doctors, and family

support, which play crucial roles in long-term health improvement and risk reduction.

Keywords: Health literacy, Health behaviors, Family doctors, Stroke hypertension
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2. AYUTBUIATUGUMNUATHORANTIUAUFUNN SEAUANNAUTAYNTHLAGAN wae CV Risk Score

vasiUreAusulaings

(%

LLammsuﬁwLﬁsmmmemmzLLuuLaﬁstmsaugmuqsumw anﬂiiuﬂ’]iﬂLLaqsﬂﬂ’WW

seauANUAUlaAnTalnan way CV Risk Score NBUWALRANBUITINIUTWATY AIR15197 1

(%

M15199 1 MIUTGUNEUAANANATLULIAGYAIUTBUIATUAYAIN NOANTTUNTOUAFUAIN TEAU

Ausulaingaladn uag CV Risk Score NouLarnAuY15INIUTUATINTHANIAINTOUS

AugunmlaefuviieaseuaIlunquyUIeANUAUlaings YBINqUVARRILarNaNAIUAL

. N§uUNARDY NFUAIUAN _
A3 : <o - o O Sq t P - value
1. AusauiAuguMnlags

nounAdes  62.27 6.48 61.37 4.90

NAWAADY 66.35 5.35 62.42 3.49 3933 0.825 4.765 0.000*b
t=-4.185 t=-1.527

P-value < 0.001%*a P-value <0.132a
1.1 ﬁﬂwsﬂmﬁg’]ﬁa“ﬂy@;ﬁaLLaw%msqsum‘w

nownAdes  14.97 2.32 14.72 2.44

NAINAADY 16.08 1.73 15.45 1.21 0.633 0.272 2322 0.022*b
t=-3.520, t=-2.189,

P-value < 0.001*a

1.2 mun1sivnlaveyauasuInITguaIm

NOUNAADS 16.07 231
NAINAADY 16.55 1.49
t=-1.328

P-value < 0.189a

1.3 anumsdndulaveyanarusnisniuguan

ﬁaumaaﬂ 14.50 3.09
NAINAADI 17.03 2.41
t=-4.759

P-value < 0.001*a

6. vV

1.4 myUszgnalyveyauasusnsguan

NOUNAADI 16.73 245
NAINAADI 17.88 2.24
t=-2.935

P-value < 0.005*%a

P-value < 0.033*a

15.72 1.43
15.60 1.49
t= 0.708,

P-value < 0.482 a

15.25 1.57
15.40 1.11
t=-0.772

P-value < 0.443a

15.68 1.32
1597 1.13
t=-1.837,

P-value < 0.071a

0.950 0.272 3495 0.001*b

0.000*b

1.050 0.359 4.763

1916 0324 5912  0.000*b
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. NgUNARDY NguAIUAN _
Auls - <o - . 0 Sq t P - value
2. WeANTINFUVNNLAETIY
neuNAAD 63.17 6.29 65.00 4.13
NRINAADY 68.93 2.85 42.25 16.87 3.933 0.825 4.765 0.000*b
t=-2.921 t=9.948,
P-value < 0.005*a P-value < 0.001*a
2.1 WeRNTTUNITUILNADINS
ﬁauwmam 23.50 4.68 24.23 3.37
PHINAADY 2591 2.49 15.25 6.99 10.667 0.958 11.129 0.000*b
t=-3.668 t= 2.801,
P-value < 0.001*a P-value < 0.007*a
2.2 WeANTIUNITRBNANGINEY
neUNAADS 6.72 2.59 6.55 2.18
PHINAADY 9.00 1.07 5.73 1.89 3267 0.281 11.621 0.000*b
t=-6.375 t= 10.453,
P-value < 0.001*a P-value < 0.001*a
2.3 NYRNTIUNITIANITAMULATER
NeUNAADS 8.48 213 9.35 0.99
PHINAADY 9.37 0.97 4.77 3.34 4.600 0.448 10.252 0.000*b
t=-3.118 t= 10.309,
P-value < 0.003*a P-value < 0.001*a
2.4 WeRANIIUNITTUUIZNUYASUINTIINUIR
NeUNARADY 24.47 177 24.87 0.47
PHINAADY 24.65 0.76 16.50 6.17 8.150 0.800 10.185 0.000*b
t=-0.777 t=10.470,
P-value < 0.440a P-value < 0.001*a
3. szauAuAuladndalngn
neUNAAD 143.92 7.91 140.88 7.27
NAINAADY 129.28 11.67 136.70 10.11 4.033 1.388 -3.718  0.004*b
t=9.334 t=2.143
P-value < 0.001*a P-value < 0.036*a
4. padessanisiinlsanaandonauss
neUNAAD 11.06 8.67 9.80 8.25
PAIVAF DS 5.30 3.64 7.13 4.98 -1.826 0.796 -2.293  0.024*b
t=6.548, t=2.844,

P-value < 0.001*a

P-value < 0.006*a

*szdutiudfyneadifiuesnin 0.05, a = Dependent t-test, b = Independent t-test
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Abstract

This research aimed to: 1) develop a 3D learning medium through the metaverse on
the topic of computer components to enhance the learning achievement of vocational
certificate students in Business Computer at Chiang Mai Vocational College; 2) compare
students’ learning achievement before and after using the medium; and 3) study students’
satisfaction with the learning experience. The research instruments included: a 3D learning
medium designed for the metaverse environment, a pre-test and post-test to assess learning
achievement, and a satisfaction questionnaire. The sample group consisted of 20 first-year
vocational certificate students majoring in Business Computer at Chiang Mai Vocational
College, selected through purposive sampling. The developed learning medium consisted of
six lessons: 1) roles and benefits of computers, 2) computer components, 3) information and
communication technology, 4) internet use and communication, 5) computer system
components, and 6) hardware. The medium allowed learners to interact with the content via
control buttons and was accessible on desktop computers, laptops, iPads, and tablets. The
results showed that: 1) the developed 3D learning medium could be effectively integrated
into the learning process; 2) students' learning achievement after using the medium was
significantly higher than before at the 0.01 level of significance; and 3) the students reported
a high level of satisfaction with the learning medium, with an average score of 4.67 and a

standard deviation of 0.50, indicating a very high level of satisfaction.

Keywords: Metaverse media, Computer, Components of computer
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Abstract

This research has the following objectives: 1) to develop a Braille classroom
management system, and 2) to evaluate the satisfaction of using the Braille classroom
management system. The research is based on the working principle of the SDLC system
development cycle. The population consists of instructors and students of Chiang Mai
Rajabhat University. The sample group was selected by purposive sampling, consisting of 33
instructors and students of the Special Education Program. The research instruments consist
of: 1) the Braille classroom management system, which was designed and developed using
the MySQL database management program, programmed with HTML and PHP languages, and
developed as a website using Visual Studio Code and 2) the satisfaction evaluation form for
the use of the Braille classroom management system. The data were analyzed using the mean
and standard deviation. The findings are as follows 1) The Braille classroom management
system consists of three parts: 1.1) administrators can manage and generate user access
reports, 1.2) instructors can create classes, create Braille assignments, and evaluate Braille
works, and 1.3) students can join classes and submit Braille assignments. 2) The results of the
system user satisfaction evaluation showed that the overall satisfaction level was at the
highest level. This indicates that the system is appropriate in terms of usability, convenience,
and responsiveness to user needs, especially in data management and communication
between instructors and students, which is a distinctive feature that reflects the efficiency of

the system in supporting Braille teaching and learning effectively.

Keywords: Braille, Classroom management system, Database
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Abstract

HOCL is an antiseptic solution for wounds produced from pure salt, with a concentrated
free chlorine of 0.05%, pH 6-7 and ORP of 800-950 mV. Traditional Thai medicine uses salt to
heal wounds and prevent rotting, giving rise to the idea of developing HOCL from Thai salt, sea
salt, rock salt, and pink Himalayan salt to replace high-cost imported HOCL such as Envirolyte™,
the purpose of which is to test the composition and physical properties of sea salt, Thai rock
salt from 3 sources, and pink Himalayan rock salt from Pakistan compared to pure salt. Salt
that has been tested for physical properties and contaminants is produced into Thai HOCl and
tested for components. Physical Properties and Performance Compared to the standards of
the Centers for Disease Control and Prevention (CDC) and the U.S. Environmental Protection
Agency (EPA). Methods A review of the benefits of salt in Thai traditional medicine recipes. Sea
salt, rock salt, pink Himalayan rock salt, refined salt, Faraday's Law of Electrolysis, HOCL,
Envirolyte™. Results HOCl produced from Thai salt had an initial pH of 8.25 and an ORP of
1,100 mV. Efficacy tests showed that 100% concentration reduced germ content (Colony-
forming unit (CFU) reduced pathogens up to 0 CFU log 6 in 3 minutes, 15 minutes, 30 minutes,
and 60 minutes, concentration of 10% reduced pathogens up to 0 CFU log 6 in 3 minutes, 15
minutes, 30 minutes and 60 minutes, 10% concentration reduced pathogens up to 50 CFU log
51in 3 minutes, 4 CFU log 5 in 15 minutes, 0 CFU log 5 in 30 minutes, and 0 CFU log 6 in 60
minutes. Thai HOCl was able to reduce the number of bacteria to an undetectable basis
throughout the study period. In summary, each salt source has a different amount of sodium
chloride and impurities. Rock salt from the South Salt Pond, Bo Klea District, Nan Province is
of the best quality, suitable for the production of Thai HOCL, which has properties and efficacy
similar to Envirolyte™ and meets CDC/EPA standards. Thai HOCl can be effectively used in
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general sanitation, food sanitation, and food contact surfaces. Thai HOCI is highly effective
against various pathogens at a more affordable price than foreign HOCl with the same

standard.

Keywords: Acid oxidizing solution, Envirolyte, Hypochlorous acid, Medical equipment

Introduction

Sodium hypochlorite (NaOCl), a common chlorine compound, is widely used as a
disinfectant and bleaching agent. While its 0.5% w/v solution (Dakin's solution) has served as
an antiseptic for infected wounds and has a long history in the food industry, it poses risks.
NaOCl cannot fully oxidize food constituents, leading to the formation of harmful byproducts
like chloroform, halo acetic acids, and trihalomethanes, which are known carcinogens and
mutagens (National Center for Biotechnology Information, 2025).

In contrast, Thai traditional medicine recognizes the preservative and wound-healing
properties of local salts (Sangarun, 2014). This historical use inspired the idea to produce
hypochlorous acid (HOCL) from readily available Thai sea salt, rock salt, or even pink Himalayan
rock salt, as an alternative to expensive imported HOCl such as Envirolyte™. Beyond wound
care, traditional texts attribute various health benefits to rock salt, including aiding digestion,
expelling parasites, balancing bodily humors, dissolving gallstones, and nourishing the body's
elements.

Thai traditional medicine often combines rock salt with other salts. For instance, "Alkali
salt," a mixture of sea salt, rock salt, and ashes from burning snake grass, is used for intestinal
cleansing and treating urination issues. Rock salt is also a key component of the "Five Salts
Formula," limiting amount of salt, which consists of 5 types of salt in the same ratio: Rock Salt,
Pic Salt, Vic Salt, Bubble Salt and Sea Salt, its properties, cure to treat various ailments like
night fever, dropsy, and dysentery, while also nourishing lymph and cleansing the intestines.

Prior to medicinal use, Thai rock salt undergoes a purification process called "Satu,"
involving high-temperature roasting to eliminate moisture and sterilize it (Sangarun, 2014).

An effective alternative to traditional chlorine-based disinfectants is Electrolyzed Water
(EW) or Electrolyzed Oxidizing Water (EOW). This solution is produced by electrolyzing a dilute
sodium chloride (NaCl) solution in a chamber where anode and cathode are separated by a

membrane. EOW exhibits potent antimicrobial properties, destroying bacteria and viruses by
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electrically charging gram-negative hosts through direct contact, often via nebulization or cold
steam sterilization.

EOW disinfectants include Acid Electrolyzed Water (AEW) and Neutral Electrolyzed
Water (NEW). While AEW effectively reduces bacterial populations, its low pH, rapid loss of
chlorine gas (Cl,), and potential impact on sensory characteristics limit its broader use,
particularly with food. NEW, however, offers strong antimicrobial activity within a neutral pH
range (6.5-8.5). This neutrality makes it suitable for food applications as it doesn't alter food
pH, color, or appearance, nor does it corrode equipment or irritate skin as severely as AEW.
Despite these advantages, research specifically on NEW's effects on pathogens remains limited
(Reisch , 2009).

Thai HOCl is produced by dissolving rock salt in clean water, followed by direct current
electrolysis. This process separates the salt solution, forming dissolved chlorine and a weak
acid. HOCL, the most active component in this chlorine solution, is 80-100 times more effective
against bacteria than hypochlorite ion (OCl). A concentration of only 10-30 ppm of HOCL is
sufficient for bactericidal action, with a 10 ppm HOCL solution being equivalent to 100 ppm
NaOCl solution in its disinfectant effect (HOCl.com, 2025).

Extensive research confirms the production of HOCL from refined salt. However, there's
a significant knowledge gap regarding the use of indigenous Thai salts for HOCl synthesis. Our
research aims to fill this gap by evaluating various Thai salts for their suitability in HOCL
production, and subsequently assessing the comparative efficacy and economic viability of

such an application.

Objectives

1. Analyze Salt Composition: Determine the elemental composition of sea salt, three
Thai rock salt sources, pink Himalayan rock salt, and commercial pure salt.

2. Synthesize Thai HOCL: Produce hypochlorous acid (HOCL) using Thai salt sources that
meet specified physical property and contaminant criteria.

3. Characterize Thai HOCL: Evaluate the physical characteristics of the synthesized Thai HOCL.

4. Assess Microbicidal Efficacy: Determine the microbicidal efficacy of Thai HOCl against
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Enterococcus, Aspergillus
Niger, Listeria monocytogenes, Legionella pneumophilia, and Salmonella typhimurium.

Efficacy will be defined as a bacterial reduction exceeding Log 5 (>99.999%), aligning with
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EN 1040 and EN 1276 standards.
5. Compare Efficacy and Cost: Conduct a comparative analysis of the efficacy and

production cost between Thai HOCL (from Thai salt) and imported HOCl products.

Methods
1. Literature reviews, Salt benefits in Thai traditional medicine, Sea Salt, Rock Salt, Pink
Himalayan Rock Salt, Refined Salt, Faraday's Laws of Electrolysis, Hypochlorous Acid,
Envirolyte™, Physical Properties, and Envirolyte™.
2. Quantitative suspension test standard
a. EN 1040 test conditions and test requirements
b. EN1276 test conditions and test requirements
3. Test Sample
a. Sea Salt and Three Rock Salt from different location in Thailand, and Pink
Himalayan Rock Salt from Pakistan. Test for compositions and impurity.
b. Three HOCl samples from Rock Salt was made from set up HOCl generator and
Test for physical properties.
4. Quality inspection
a. Raw material compositions

5. HOCL price

Salt benefits in Thai traditional medicine
1. Colds.
. Rhinitis, stuffy, runny nose, chronic rhinitis.
. Dry throat and hoarseness.
Induce vomiting, eat poisonous food, drinking too much alcohol, indigestion, upset stomach.
. Conjunctivitis, there is swelling, redness, and a lot of eye discharge.
. Dental care.

. Brain is not clear.

o N o AW N

. Swollen, itchy skin.
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Salts

Table 1 shown type of salts and its properties, Sea salt, Rock salt, Pink Himalaya Rock
salt, and Refined salt.

Table 1 Type of salts

Salts Physical characteristics

Sea salt W{‘ e ’ .
e ‘

¢ 4\
TRy
Figure la. Sea salt crystals Figure 1b. Sea salt structure
(Source: Weird Science, 2021)

Sea salt, also known as table salt or sodium chloride (NaCl), is a staple in cooking and
food preservation. It typically contains iodine, which is crucial for preventing goiter and
stunted growth, unlike rock salt which is iodine-free. Characterized by its salty taste, sea salt
is a vital source of dietary sodium. It is harvested through the precipitation of seawater,
forming distinctive white, pyramid-shaped crystals (Figures 1a, 1b) with a melting point of
800.7 °C.

Rock salt

Figure 2a. Rock salt crystals Figure 2b. Rock salt structure

(Source : Rock salt crystals, 2024)

Rock salt, primarily found in Thailand's northeastern regions (Chaiyaphum, Maha
Sarakham, Yasothon, Ubon Ratchathani, and Udon Thani), is extracted from salt deposits or
saline soil. Naturally, it boasts high purity sodium chloride (NaCl), making it ideal for industrial
applications rather than direct culinary use due to its lack of iodine. To address this,
potassium iodide is now commonly added to rock salt, transforming it into the familiar
iodized salt suitable for cooking. Physically, rock salt forms cubic crystals (Figures 2a, 2b) and

has a melting point of 800 °C.
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Table 1 Type of salts (Continue)

Salts Physical characteristics

Pink

2N

N\

Himalaya
Figure 3a Pink Himalayan Rock salt crystals  Figure 3b Pink Himalayan Rock salt structure
(Source: Grains, 2025)
Pink Himalayan rock salt crystals formed 250 million years ago from evaporated
seawater under immense pressure, creating their distinctive pink structure (Figures 3a, 3b).
This natural salt contains over 84 minerals, including calcium, magnesium, potassium, and iron.
Refined 1
salt a
d -~
a
Figure da Refined salt crystals Figure 4b Refined salt structure

(Source: Atoms In Motion, 2024)

Refined salt, commonly known as table salt, undergoes chemical processing for
whitening, purification, and preservation, and is typically fortified with iodine. Primarily
composed of sodium chloride (NaCl), its crystals exhibit a cubic structure, specifically a face-
centered cubic lattice. In this arrangement, sodium and chloride ions alternate in a repeating
pattern, with each ion surrounded by six ions of the opposite charge, giving the crystals their

characteristic cube-like appearance (Figures d4a and 4b).

Sea Salt, Rock Salt, and Refined Salt are different Table 2. Shown the differences
between Refined Salt and other types of salt (TRS, 2025).
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Table 2 The differences between Refined salt and other type of salts

Refined Salt

Sea Salt and Rock Salt

Modern production technologies from Europe

Local wisdoms

White and clean salt without adulterated things

Adulterated things, soil, pebbles, and sand from salt
fields

Fine salt granules

Rough salt granules

Moistness not higher than 2%

High moistness of 8-10%

Whole-year production

Production period from January to April

Constant prices and controllable production

Volatile prices according to seasons

costs

Standardized and constant iodine content  High moistness salt causing volatile iodine content
because of low moistness and iodine spray

controlled with computer systems

Environmentally friendly production Soil collapse and adverse effects on communities
and environments. Boiling salt from chaff can cause

air pollutions

(Source: TRS, 2025)

Faraday's Laws of Electrolysis

In 1834, Michael Faraday, a physicist and chemist, invented a process for splitting water
using electricity, Electrolysis, for the first time set up two laws called Faraday's Laws of Electrolysis,
which are the main basis of electrochemistry until today.

Electrolysis of water separation process is the process of passing electric current
directly into a solution that has electrical properties, water with pure salt, NaCl, causes a

chemical reaction, oxidation to get new compounds, including HOCL, OCLl,, NaOCl, OH’, H,0,.

Hypochlorous Acid
Hypochlorous Acid (HOCL), also known as Electrolyzed Water (EW) or Electrolyzed
Oxidizing Water (EOW), is a weak, unstable acid found only in solution. This electron-accepting

molecule plays a crucial role in oxidation- reduction reactions. Naturally produced by

Science and Technology to Community 123 MsETIvemanswazialuladayuvu

Vol 3 No 5 September-October 2025 : TCl 1 ﬁﬁ 3 atu 5 fugngu-nAanAy 2568 - TCI 1



mammalian white blood cells, HOCL is safe for biological applications, posing no harm to skin
or eyes and causing no burning sensation.

HOCL is synthetically produced by dissolving refined salt (typically 99.9% NaCl with
minimal impurities like 0.15% moisture and 10 ppm potassium ferrocyanide) in clean water,
followed by electrolysis. During this process, NaCl dissociates into negatively charged chloride
ions (Cl) and positively charged sodium ions (Na*). Concurrently, water breaks down into
hydroxide ions (OH") and hydrogen ions (H").

At the anode, CU and OH" ions transfer electrons, leading to the formation of oxygen
gas, chlorine gas, hypochlorite ion (OCLl), hypochlorous acid (HOCL), and hydrochloric acid
(HCD. Conversely, H" and Na* ions migrate to the cathode to receive electrons, producing
hydrogen gas and sodium hydroxide (NaOH).

Disinfectant solutions derived from this process include Acidic Electrolyzed Water
(AEW) and Neutral Electrolyzed Water (NEW). While AEW effectively reduces bacteria, its low
pH, rapid volatilization of dissolved chlorine gas (Cl,), and potential impact on pathogens limit
its widespread use. In contrast, NEW exhibits strong antimicrobial activity with a neutral pH
(6.5-8.5). This neutrality makes it suitable for food applications as it preserves food pH, color,
and appearance, and causes less corrosion to equipment or irritation to hands compared to
AEW.

Water at the

Anode is called Strong Acidic Water with a pH < 2.7 ORP > +800 to +1000 mV.
Cathode is called Strong KANGEN Water with a pH > 11 ORP -800 to -900 mV.

The chemical composition and physical properties of HOCL, along with its disinfection,
antimicrobial, and sanitizing efficacy, are influenced by factors such as brine concentration,
electrical energy, reaction time, electrolysis conditions, temperature, and pH (Aniyyah et al.,
2021).

HOCL effectively eliminates viruses, bacteria, fungi, and fungal spores by destroying
microbial cell walls and inhibiting growth. It is 80-120 times more potent than chlorine bleach
in killing germs. With over 30 years of established use and ongoing research, HOCL is widely
applied for disinfection in food processing, poultry farms, water treatment, and healthcare
settings including wound care, dentistry, and medical equipment sterilization. Sanitization, in
this context, refers to reducing germ levels to a safe extent without compromising product

quality or safety (Pfuntner, 2011).
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HOCl was initially developed in Russia in 2008 by Hricova et al. for water
decontamination and hospital disinfection. By the 1980s, its use expanded to Japan, first for
sterilizing medical equipment. Concerns over foodborne pathogens in the late 1990s led to
its adoption in food safety, where it proved highly effective and more cost-efficient than
chlorinated water.

Different concentrations of HOCL are suitable for various applications:

200- 400 PPM: Ideal for cleaning floors, surfaces, bathroom mold, tables, and
curtains, as well as for deodorizing and trapping airborne dust and germs.

50-100 PPM: Safe for use as a skin disinfectant spray, mask cleaning (without
damaging polymer surfaces), and sanitizing children's toys, kitchen utensils, and sinks.

HOCLl is a weak acid that partially dissociates into hydrogen and hypochlorite ions (as
shown in Equation 1) within a pH range of 6.5 to 8.5.

HOCL & H* +0Cl™ (1)
HOCL's germicidal effectiveness is significantly higher than that of OCL". Its dissociation
is pH-dependent: below pH 6.5, HOCl remains undissociated, while above pH 8.5, it fully
dissociates into OCL. Table 3 illustrates how pH influences the distribution of chlorine between

HOCL and OCL..

Table 3 HOCl and OCl" % is determined by pH

Disinfection pH % OCU % HOCL
a4 0 100
Hypochlorous Acid 5 0 100
6 1.8 98.2
7 16.7 83.3
8 67.8 32.2
9 95.5 4.5
10 99.5 0.5
Bleach 11 99.95 0.05
(Source: hocl.com, 2025)
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Envirolyte™ Physical Properties

Table 4. shown Chemical Composition of Envirolyte™ and its Function.

Table 4 Chemical Composition of Envirolyte™ and its Function

Component Synonym CAS No. WNV % Function
Sodium Chloride  Salt, 7647-14-5 0.0015 Natural salt is the source of sodium and
Sea Salt, chlorine. Their Compounds, hydrochloric acid,
NaCl chlorates, sodium carbonate, hydroxide, etc.
Water Deionized Water, 7732-18-5 99.8 Dissolve Sodium chloride and other substances.
H,O

(Source: Envirolyte™, MSDS, 2017)

Envirolyte™ composition
Envirolyte™ contains active chlorine compounds, HOCL 0.01-0.5 %W/V generated from
NaCl by electrolysis. The solution contains no compounds as per the regulations for toxic

compounds (67/548/EWG) as shown in Table 5.

Table 5 Envirolyte™ composition

Ingredients Symbol % w/v CAS No. EINICS No.
Sodium Chloride NaCl 0.26  7647-14-5 231-598-3
Hypochlorite ion oct 0.0005 14380-61-1
Hypochlorous acid HOCL 0.05  7790-92-3 232-232-5
Water H,O 99.69  T7732-18-5 231-791-2
ORP mV 970
The acidity and alkalinity at 25°C pH 5.5 APHA 2005 (4500-H+B)

(Source: Envirolyte™, 2017)
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Materials and Methods
Thai HOCL

Thai HOCL is produced through the electrolysis of a sodium chloride solution, where
positive and negative electrodes drive an electrochemical reaction. This process generates
ions, specifically OH and CU (College side kick, 2025).

Upon completion of the reaction, Thai Rock Salt HOCl exhibits the composition
detailed in Table 6 and maintains an Oxidation-Reduction Potential (ORP) between 950-1100 mV.
This solution effectively destroys bacteria and viruses by electrically charging gram-negative

hosts through direct contact, typically via nebulizers or cold steam sterilization.

Table 6 Composition of Thai HOCL

Components Formula Percentage %
Sodium hypochlorite NaOCl 0.03500
Chlorine dioxide Clo, 0.00110
Sodium chlorate NaClO, 0.00150
Ozone o’ 0.00002
Total oxidants 0.03762
Water H,O 99.96238

(Source: Author, 2025)

Table 7 outlines the chemical composition and functional roles of Thai Rock Salt HOCL.
It contains 0.0014844% W/V Sodium Chloride (NaCl), sourced from natural salt. This NaCl
provides chlorine and sodium, along with their compounds such as hydrochloric acid,
chlorates, sodium carbonate, and hydroxide, which act as electrolytes, buffers, and matrix
modifiers. The remaining 99.8% W/V is de-ionized water (H,0), serving as the primary solvent,

dispersing medium, hydrating agent, and promoter of chemical changes.
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Table 7 Thai Rock Salt HOCl composition and information ingredients

Component Synonym CAS No. % W/NV Function
Sodium Salt, 7647-14-5 0.0014844 Natural salt is the source of chlorine and
Chloride Sea Salt, sodium as well as of all, or practically all, their
NaCl compounds e.g., hydrochloric acid, chlorates,
sodium carbonate, hydroxide, etc.
Used as an electrolyte, buffers, matrix modification.
Water Water, 7732-18-5 99.8 It allows substances to dissolve and functional
H,0O, as a solvent, dispersing medium, hydrate, and

Deionized Water

promoter of chemical changes.

(Source: Author, 2025)

Thai Rock Salt HOCL caused by the separation of substances with positive and negative

electrodes, when passing through the saline water down to causing electrolyte reactions of the

Sodium Chloride solution is an ion-containing compound which is OH and Cl" as the equation.

(College side kick, 2025).

NaCl+ H,0 - Na*+ Cl"+ H* +OH~ (1)

2Cl~ > Cly + 2e~ (2)
Anode: Cl, + H,0 — HOCL + HCl (3)
Cathode: 2Na* + 2H,0 — 2NaOH + H, )

Hypochlorous Price

In Thailand, the pricing of HOCl products that meet the European disinfectant

standards EN 1040 and EN 1276, as shown in Table 8, varies by brand.

Table 8 The prices of HOCl products in Thailand

Brand Size (mL) Price (THB)
SteriPlant™ 1,000 1,600.00
Envirolyte™ 1,000 750.00
Clean-U 1,000 1,800.00
Thai HOCL 1,000 350.00

(Source: Author, 2025)
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Test samples
1. Salt samples

From Table 9 and Figure 5. Salt samples from Udon Thani, Sakon Nakhon, and Nan
province, Pakistan and Sea salt from Samut Sakhon was send to SGS, Bangkok, Thailand on

February 6, 2024.

Table 9 Salt samples

No. Salts Location

1.  Ban Phue rock Salt Non-Thong Subdistrict, Ban Phue District, Udon Thani

2 Krator rock salt Wanonnivas Subdistrict, Wanonnivas District, Sakon Nakhon
3 Mountain rock salt Bo Klea Tai Subdistrict, Bo Klea District, Nan

4. Himalayan rock salt Himalayas, Pakistan

5 Sea salt Na Khok Subdistrict, Mueang District, Samut Sakhon

(Source: Author, 2025)

Figure 5 Salt sample send to test, February 6, 2024
(Source: Author, 2025)
2. HOCLl samples

Figure 6 and Table 10 shown HOCL test samples was made from Ban Phue Rock Salt,

Krator rock salt, Mountain rock salt and send to test compositions and properties.

Table 10 HOCI test samples

No HOCL from

1. Ban Phue Rock Salt
2. Kartar Rock Salt
3. Mountain Rock Salt

(Source: Author, 2025)
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Rock Rock Rock
Salt 1 Salt 2 Salt 3

Figure 6 HOCL test samples send to test
(Source: Author, 2025)

Quality inspection
1. Raw material compositions
The standard salt composition as shown on Table 11. Normally Refined salt 99.9% was

use for Envirolyte™.

Table 11 Standard salt composition

Parameters Formula Units Analysis Method
Sodium Chloride NaCl % Dry basis by difference
Moisture H,O % Oven dry
Insoluble matter IM % Gravimetric
Calcium Ca ppm Titration
Magnesium Mg ppm Titration
Iron Fe ppm Spectrophotometry
Sulphate SO, % Titration
Potassium ferrocyanide KsFe(CN)g ppm Spectrophotometry

(Source: Author, 2025)

Salt composition tested results

Table 12 details the comparative composition of various salt sources. Refined salt,
alongside rock salts from Ban Phue, Krator, and Mountain, consistently showed the highest
NaCl content, reaching 99.77%. In contrast, sea salt contained less NaCl (98.00%) and notably
higher moisture (0.95%). Significantly, both sea salt and Himalayan rock salt presented
elevated levels of impurities and potentially toxic substances, along with higher iodine content
(Figures 7, 8, 9). Therefore, sea salt and Himalayan rock salt are deemed unsuitable for HOCl
production. Refined salt and the rock salts from Ban Phue, Krator, and Mountain emerge as

the appropriate raw materials for HOCl generators.
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Figure 7 Sodium chloride quantities for each salt

(Source: Author, 2025)

Salt composition

og

o7 WHID

06 = M
@ 0s ul

04 Ca

03 [ ]

0z L1

ARIEIN L.

1] -

1 2 3 4 5 &

Salt sample

Figure 8 H,0O, Insoluble matter, |, Ca, K, Mg, SO4 quantities for each salt
(Source: Author, 2025)
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Figure 9 Fe, As, Cu, Pb, Hg, Cd quantities for each salt
(Source: Author, 2025)
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Table 12 Salt composition tested results

Physical properties Sample 1 Sample2 Sample3 Sampled4 Sample5 Sample 6

Ban Phue Krator Mountain  Himalayan  Sea Salt Refined

Odor Odorless Odorless Odorless Odorless Odorless Odorless
Taste Salty taste  Salty taste  Salty taste  Salty taste  Salty taste  Salty taste

No foreign  No foreign  No foreign  No foreign  No foreign  No foreign

taste taste taste taste taste taste
Color White White White Pink Light grey ~ White
Grade Food Food Food Food Food Food
Size mm 0.5-1.1 0.45-2.3 0.5-1.0 2-5 4-6 0.15-0.85
Sodium Chloride NaCl % 98.96 98.32 98.50 98.90 98.00 99.77
Moisture H,0 0.35 0.95 0.70 0.10 0.95 0.15
Insoluble matter IM 0.30 0.31 0.35 0.32 0.37 0.05
lodine | 0.0005 0.0020
Calcium Ca 0.06 0.06 0.07 0.10 0.12 0.00015
Potassium K 0.02 0.02 0.03 0.35 0.10 0.00010
Magnesium Mg % 0.10 0.11 0.12 0.11 0.21 0.00001
Sulphate SOq 0.21 0.23 0.23 0.12 0.25 0.02500
Iron Fe ppm 2.10 0.50
Copper Cu 0.10 0.10 0.10 0.35 2.47 0.36
Arsenic Max 0.5 As 0.40 0.50 0.45 0.40 0.10 0.48
Lead Max 2.0 Pb 1.68 2.00 2.00 0.45 0.41 1.00
Mercury Max 0.1 Hg 0.08 0.10 0.10 0.01 0.01 0.10
Cadmium  Max 0.5 Cd 0.38 0.50 0.50 0.05 0.01 0.50

Remarks: Ministry of Public Health Announcement, (Issue 414) 2020, Issued in accordance with the Food Act B.E. 2522,

Subject: Standards for food that contains contaminants

(Source: Author, 2025)

Table 13 presents a comparison of HOCl properties derived from various salt sources
against Envirolyte™. HOCl produced from Rock Salt 1 exhibited a higher concentration of key
substances, closely mirroring Envirolyte™'s profile. In contrast, sea salt yielded poor results,
producing HOCL with significantly lower substance levels than rock salt. Himalayan rock salt
also resulted in lower substance concentrations compared to Envirolyte™. Among the rock
salt varieties, Rock Salt 1 stands out as the most suitable material for HOCl production in

Thailand.
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Table 13 Physical properties tested results of HOCl from each salt

Physical properties Formula RockSaltl RockSalt2 RockSalt3  Envirolyte™
Clean water H,O 99.6915 99.6964 99.6924 99.6900
Sodium Chloride NaCl 0.2579 0.2562 0.2567 0.2595
Hypochlorous acid HOCL 0.0496 0.0493 0.0494 0.0500
Hypochlorite ion ocl 0.0010 0.0019 0.0015 0.0005
ORP mV 950 895 935 970
Acidity and alkalinity at 25°C pH 5.6 59 5.7 55

(Source: Author, 2025)

2. Quantitative suspension test standard
2.1. EN 1040 Test conditions and test requirements
EN 1040 evaluates the basic bactericidal activity of chemical disinfectants and antiseptics
under standard conditions as shown in Figure 10. (Microbe investigations, EN 1040, 2025).
Mandatory test microorganisms
- Pseudomonas aeruginosa (ATCC 15442)
- Staphylococcus aureus (ATCC 6538P)
Additional strains
- Escherichia coli (ATTC 8739)
- Enterococcus hire (ATTC 10541)
- Klebsiella pneumoniae (ATCC 4352)
- Methicillin-resistant Staphylococcus aureus (ATCC 33591)
- Salmonella enterica (ATCC 10708)
- Candida Albicans (ATCC 3017)
Test temperature 20 °C
Contact time 5 min

Log reduction Tested product must achieve 5 log reduction value to pass EN 1040 test
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1 part of test mixture Plating

After contact time Incubation 24 - 48 hrs

=

Tube A ‘ Tube B
Test
(No bacterial
\_, colonies)
4
S m
5 ol
& - Control
(High number of
A= | ‘ \_, bacterial colonies)
T
Inoculation Neutralization Viable Count
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Figure 10 BS EN 1040: 2019 Test

(Source: Microbe investigations, 2025)

2.2. EN1276 test conditions
The test conditions specified by the standard are designed to closely simulate practical use

conditions to ensure reliability in results as shown in Figure 11. (Microbe investigations, 2025).

Test organisms
The bactericidal activity of the product is tested using the following strains as shown

in Table 14.

Table 14 Inoculum concentration

Inoculum Method CFU/mL
Candida albicans DSM 1386 8.1 x 10°
Staphylococcus aureus ATTC 6538 9.3 x 10°
Pseudomonas aeruginosa ATTC 15442 4.2 x 10°
E. coli ATTC 10536 4.2 x10°
Enterococcus hirae ATTC 10541 1.0 x 10%°
Asp. Niger C 1103 (Oxoid) 4.0 x 10°
Listeria monocytoses (Oxoid) 3.0 x 10°
Legionella pneumophilia C 3950 (Oxoid) 6.0 x 10°
Salmonella typhimurium C 6000 (Oxoid) 8.0 x 10°

(Source: Author, 2025)
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Contact time
The contact time ranges from 1 minute to 60 minutes, depending upon product use

and manufacturer’s instructions.

Test Temperature

Test temperature 4-40 °C.

1 part of test mixture Plating

Incubation
After contact time

t J £ J 24 hrs + 24 hrs
Tube A Tube B
(No bacterial
\_/ colonies)
4 m
5 ml
D o
6 &ml Control
{High number of
\_/ bacterial colonies)
’
Inoculation Neutralization Viable Count

L Cosnfectare 2 Mecrebisl suspension 3 rterfenng stsunce 4 Tube A mbtire & Wster & Neutrsknng Sctuten

Figure 11 BS EN 1276: 2019 Test method

(Source: Microbe investigations, 2025)

Tests

The tests have been conducted in regulations to EN1276 and tested in the given
standard time. Thai HOCl was stored in a refrigerator at 8 °C for 5 days. For thinning Thai HOCLl
we have used reversed osmosis water, a clear, colorless liquid.

A thinning neutralization procedure was conducted, a lower amount of 0.3 gm/l Cow
albumin, sterilized and filtered using membrane filters, has been used. The tests were
conducted for 3 days and evaluated after the incubation at 37 °C (or Candida albicans 30 °C
for 2 days and evaluated.

Sodium Thiosulphate 0.5 % use as a neutralizer, which has been sterilized by filtration.
As for the growth mediums the Bacteria TSA-Agar (Oxoid) and also Asp. Niger Sabouraud-Agar

(Oxoid) was used.
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The test procedure set up
1 mL solution was made up of 0.1 mL Inoculum. After 2 minutes.
8.9 mL Thai HOCl was added into the mixture. After
1 mL of the mixture was put into an 8 mL test tube and
1 mL sterilized water was added. After 5 minutes reaction time.
1 mL was taken out and put on the petri dish using a pipette, then

15  mL of cooled liquid growth medium was poured over the substance.

After the Agar solidified the plates were then hatched at the correct temperatures and
then evaluated.

Bacterial effectiveness of Thai HOCl by EN 1276 phase 2 Level 1. Tests with lower
albumin amount.

Thai HOCLl is an electrolyte liquid which has bacteria disinfecting properties through a
mixture of active chloride, ozone, hydrogen peroxide and other active substances. The initial
pH 7.25 and ORP 1,100 mV.

The inoculum had concentrations, for a clearer understanding both test results the
test has been done in two stages. The first tests have been done in October 14, 2024. The

second stage was done in December 5, 2024.

Results
Thai HOCL efficacy test results

Thai HOCL efficacy test, 1°' Stage bacteria count results, Colony-forming unit (CFU),
(Revive, 2025), the initial population of live germ. From Table 15. showed that the treatment
treated the number was taken from CFU, the original measurement found on the Inoculum.

The number below is the logarithmic reduction factor as Shown in Table 16.

Table 15 1° Stage initial population of live germ

Bacteria’s CFU/mL
Candida albicans 8.1 10°
Pseudomonas aeruginosa 4.2 10°
Staphylococcus aureus 9.3 10°
E. coli A 4.2 10°
Enterococcus 1.0 10"

(Source: Author, 2025)
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Table 16 1° Stage bacteria count results

Thai HOCL 100% Candida Ps. aeruginosa Staph. aureus E. Coli Enterococcus
Minutes CFU log 6 CFU log 6 CFU log 6 CFU log 6 CFU log 6
3 0 0 0 0 0
15 0 0 0 0 0
30 0 0 0 0 0
60 0 0 0 0 0
Thai HOCL 50% Candida Ps. aeruginosa Staph. aureus E. Coli Enterococcus
Minutes CFU log 6 CFU log 6 CFU log 6 CFU log 6 CFU log 6
3 0 0 0 0 0
15 0 0 0 0 0
30 0 0 0 0 0
60 0 0 0 0 0
Thai HOCL 10% Candida Ps. aeruginosa Staph. aureus E. Coli Enterococcus
Minutes CFU log 6 CFU log 6 CFU CFU CFU log 6
3 2 0 log 3 1070 log 5 48 0
15 0 0 log 4 680 log 5 a4 0
30 0 0 log 5 31 log5 0 0
60 0 0 log 6 0 logé 0 0

(Source: Author, 2025)

Thai HOCL efficacy test, 2" Stage bacteria count results, the initial population of live

germ was as shown in Table 17.

Table 17 2" Stage initial population of live germ

Bacteria’s CFU/mL
Asp. Niger 4.0 10°
Listeria monocytoses 3.0 10°
Legionella pneumophilia 6.0 10°
Salmonella typhimurium 8.0 10°

(Source: Author, 2025)

From Table 18. Showed the treatment treated the number was taken from CFU, the
original measurement found on the Inoculum. The number below is the logarithmic reduction

factor. Thai HOCLl had to reduce the live germ number by log 3 to pass EN 1276 requirements.
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With Thai HOCl concentration 100% has passed the EN 1276 after an effect time

of 3 minutes

With Thai HOCl concentration 50% has passed the EN 1276 after an effect time

of 15 minutes

With Thai HOCl concentration

of 30 minutes with exception to Salmonella typhimurium.

Table 18 2" Stage bacteria count test results

10% has passed the EN 1276 after an effect time

Thai HOCL 100% Asp. Niger List. Monocytogenes Legionella Salmonella
Minutes CFU log 6 CFU log 9 CFU log 3 CFU log 8
0 0 0 0 0
3 0 0 0 0
15 0 0 0 0
30 0 0 0 0
Thai HOCL 50% Asp. Niger List. Monocytogenes Legionella Salmonella
Minutes CFU log 6 CFU log 9 CFU log 3 CFU log 8
3 0 Growth 0 Growth
15 0 0 0 0
30 0 0 0 0
Thai HOCl 10% Asp. Niger List. Monocytogenes Legionella Salmonella
Minutes CFU log 6 CFU log 9 CFU log 3 CFU log 8
3 Growth Growth 0 Growth
15 Growth 0 0 Growth
30 0 0 0 Growth
(Source: Author, 2025)
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Test from 3™ party

Table 19 3" party test results

Test Items Method Results Units

Staphylococcus aureus  Standard Methods for the Examination of Water  Less than 1 CFU/100mL
and Wastewater, APHA, AWWA, WEF, 23 Edition,
2017, Part 9213 B and FDA BAM Online, 2016
(Chapter 12) -S. aureus

*Pseudomonas Based on Standard Methods for the Examination Not CFU/100mL
aeruginosa of Water and Wastewater, APHA, AWWA, WEF, detected
23" Edition, 2017, Part 9213 E/API 20NE

E. coli Standard Methods for the Examination of Water Not CFU/100mL
and Wastewater, APHA, AWWA, WEF, 23" Edition, detected
2017, Part 9221 F and FDA BAM Online, 2017
(Chapter 14) - E. coli

*Listeria ssp. Based on FDA BAM Online, 2017 (Chapter 10) Not CFU/100mL
detected
*Sodium Chloride Based on APHA, 23" Edition, 2017 2411 mg/L

Test(s) Marked * On this report are not included in the BLQS DMSc Accreditation Scope.

From Table 19. Shown 3™ party test results, Staphylococcus aureus less than 1
CFU/100mL, Pseudomonas aeruginosa not detected, E. coli not detected, Listeria ssp. Not

detected, in standard.

Discussions

The purity of salt used in hypochlorous acid (HOCl) production is critical, as
contaminants can impact the final product's efficacy and stability. This study investigates
various salt sources, comparing their compositions and the resulting HOCI properties to identify
the most suitable option for HOCL generation.

A literature review and tested reports reveal significant variations in the sodium
chloride (NaCl) content and impurity profiles of different salt types:

Refined Salt (Rock Salt Type): Often used in foreign HOCl production, refined

salt typically boasts a high NaCl content of 99.77% and a low moisture content of 0.15%.
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Sea Salt: Demonstrates a high impurity level, with iodine at 0.0020% and copper
at 2.47 ppm.
Pink Himalayan Rock Salt (Pakistan): Contains elevated levels of iron (2.10
ppm), copper (0.35 ppm), and iodine (0.0050%).
Rock Salt Samples (Local Sourcing):
Rock Salt 1: NaCl 98.96%, moisture 0.35%
Rock Salt 2: NaCl 98.32%, moisture 0.95%
Rock Salt 3: NaCl 98.50%, moisture 0.70%

Based on these compositional and impurity analyses, Rock Salt 1, Rock Salt 2, and Rock
Salt 3 were selected for further evaluation in HOCl production due to their relatively high NaCl

content and manageable impurity levels compared to sea salt and Himalayan rock salt.

Physical Properties of HOCl Produced from Different Salt Sources
The selected rock salt samples were utilized to produce HOCL, and the physical
properties of the resulting solutions were tested and compared against a commercial

benchmark, Envirolyte™ as shown in Table 20.

Table 20 Physical Properties of HOCl Produced from Different Salt Sources

Salt Source H20 (%) NaCl (%) HOCL (%) ocl™ (%) ORP (mV) pH
RockSalt1 99.6915 0.2579 0.0496 0.0010 950 5.6
RockSalt2 99.6964 0.2562 0.0493 0.0019 895 5.9
RockSalt3 99.6924 0.2567 0.0494 0.0015 935 5.7
Envirolyte™ 99.6900 0.2595 0.0500 0.0005 970 5.5

(Source: Author, 2025)

Identifying the Optimal Salt Source

While Refined Salt (0.295% NaCl in HOCL solution) exhibits a slightly higher NaCl
content in the final HOCL solution compared to RockSalt1 (0.2579%), Rock Salt 1 demonstrates
comparable HOCLl production efficiency and overall solution properties. Given its readily
available nature and favorable characteristics, Rock Salt 1 is a suitable alternative to Refined
Salt for the effective production of HOCL. Further investigation into the long-term stability and
specific applications of HOCLl derived from these various rock salt sources could provide

additional insights.

Science and Technology to Community 140 MsETIvemanswazialuladayuvu

Vol 3 No 5 September-October 2025 : TCl 1 .ﬁﬁ 3 atu 5 fugngu-nAanAy 2568 - TCI 1



Conclusion and Suggestions
Conclusion
Thai HOCl produced from Mountain Rock Salt (Bo Klea Tai, Bo Klea District, Nan)
showed promising results, with its composition and properties closely matching those of
Envirolyte™, an imported HOCL made from refined salt. This indicates that Thailand can utilize
its own resources to develop HOCL with physical properties comparable to foreign products.
This local production capability offers the potential for more affordable and effective
disinfection medical equipment, fostering technological independence.
Thai HOCL significantly inactivated Staphylococcus aureus, Pseudomonas aeruginosa,
E. coli, Enterococcus, Asp. Niger, Listeria monocytoses, Legionella pneumophilia, and
Salmonella typhimurium.
Thai HOCLl concentration 100% has passed the EN 1040 after an effect time of 3 min.
Thai HOCl concentration 50% has passed the EN 1040 after an effect time of 3 min.
Thai HOCLl concentration 10% has passed the EN 1040 after an effect time of 60 min.
Thai HOCLl concentration 100% has passed the EN 1276 after an effect time of 3 min.
Thai HOCl concentration  50% has passed the EN 1276 after an effect time of 15 min.
Thai HOCLl concentration 10% has passed the EN 1276 after an effect time of 30 min.

with exception to Salmonella typhimurium.

The varying NaCl content and contaminants across different salt sources likely
influence the properties of the resulting HOC|, impacting both its key components and
disinfection efficacy.

The pricing of HOCl products that meet the European disinfectant standards EN 1040
and EN 1276, as shown in Table 9, varies by brand with the same size, 1,000 mL, SteriPlant™
1,600.00 THB, Envirolyte™ 750.00 THB, Clean-U™ 1,800.00 THB, Thai HOCL 350 THB.

Crucially, Thai HOCl demonstrates promising results, with its essential composition and
performance closely aligning with established international standards.

This makes Thai HOCL suitable for broad applications in general sanitation, including
food sanitation and the disinfection of food-contact surfaces. Thai rock salt HOCL, in particular,

proves highly effective against various germs with affordable price.
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Suggestions

Food, medical, water and environmental agencies are depending more and more on
NEW and EW as a basic chemical free sanitizer to protect the environment where food is
prepared and providing sterile conditions for medical uses and water bio-safety.

HOCL is being used in industries that depended heavily on conventional sanitizers
which were mainly chemical based. Although electrolysis was a well-known format of treating
water for producing different types of by-products, the main applications today focused on
sanitization and its efficacies.

As a safe non-toxic sanitizer, Thai HOCL sanitizing water shall be a common sight in
private clinics, schools, hospitals, educational institutions and commercial uses such as food
processing and packaging companies plus supermarkets with large cold storage and display
facilities.

Application of Thai rock salt to produce and replace imports of general sanitation, food
sanitation, and surface sanitation for disinfection. This makes it easy for the public and public

health agencies to access with affordable price.
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