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ABSTRACT

Electrolyzed water (EW) and Benzalkoniurﬁ‘ Chloride are group of the promising novel
disinfectant agents that have recently been proposed as the alternative to conventional
decontamination methods such as heat and chemical sanitizers. The objective of this research was to
examine various properties of electrolyzed water and Benzalkonium Chloride to ensure safety and to
further proper hygiene practical guideline. The tests are performed by evaluated the properties of
physical, chemical, microbiological and cytotoxicity to OMUF fibroblasts was also assessed.
Moreover, the efficacy of sterilization techniques (soaking and spraying) of these two disinfectants
was compared as well. The results showed that electrolyte has an alkaline properties and shelf life
was stable over 7 days. Both electrolyzed water and Benzalkontum Chloride has an ability to kill all
types of microbes include bacteria and fungi after contact within 1-3 minutes and 3-5 minutes
respectively. However, immersion technique up to 3-5 minutes onwards was revealed the most
effective than spray technique for surface and/or objects disinfectant. In summary, both electrolyte
water and Benzalkonium Chloride are effective in disinfecting surfaces of objects and fabrics and safe
for cleaning surfaces, clothing and other equipment. However, sprayed on the body with
benzalkonium chloride may not be suitable due to its high toxicity. This research contributes to
increasing confidence in safety and as a guideline to carry out for the better and suitable hygiene in

the future.
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CFU = ColonyForming Unit
Co.,Ltd = Company Limited
°C = Degree Celsius
et al = and others
g = gram
pl = Microliter
mg = Milligram
ml = Milliliter
mM = Milimolar
TSA = Tryptic soy agar
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Nm 5 Nanometer .
oD = optical density
% i Percent
spp./ sp. = species

viv = volume/volume



4
vealym
=y d'Iv = N 3 ar d.” ] ¥ i = =
Tsnameiinanm s e 1&Sudons IsmdrgsameludSuruisanosu
v 4 J 1 LI ] 3 1 = -1 =]
amsonalsnld ene Tsaamnsadigsiente1dvatomis 19u msnfufiu manele wie

L'}

QoS e ar & r ' ng P o = LI g = bt oy &
MITUHTHINU Tﬂﬂﬁudiu‘h’ﬂﬂﬂﬂl!ﬂiL‘]iﬂ‘l’lﬁ1ﬂﬂ]u v ﬂﬁ!.!.‘l"liWTu@'l’JﬂaNﬂ‘hﬁHﬂﬂ bR

=4

2 @
annsodlesdulddenisinunnuazernvesanimindeudioms i wisiuieriied
1 ar ¥
anuazeaiiumsaanudsslunsfiadonnaawinaden
o 1 f-?; ﬂ o dl o oo 5 s dy
s nuazeanasminwiniuesfilsznounddn luduguennioiugiuly
-l r .
afaFourndslugaavns e msahde Tsaniisn 111l Mus msdsznounasiu
= - . . e .

NIADUNTE trisodium Haaivln iodophores URY AT sznou quaternary ammonium compounds
] -] v = ] = .
8d1915Aaw wud asilszasunaeT ey le TeAuuazasilseney quaternary ammonium

» a
compounds FilszAnFmuwmnfigaudiniueseziignifdandounasemedoannn s
-d? A ar =y i EY = =y ar 4 1
wolsndu o lulszmaauiyonsn msdudenvosmsamugainlundadmuaivigeds
3 "
1&5veyana uamstudlouvesasdugainlundadusisindg 12 1 dTvouanaluanam
A 3 1 g t L] ar ol =y Q’l‘
gl lesmnmstuitlouvesenseinge IsaluinsdiuveswaadusisuRanndunouns

= o

o = =4 a4 o ar =1 = =Y ar d =) o kY
Nﬁﬁlﬂﬂﬁlﬂﬂﬁﬁlﬂuﬂﬂﬂ'}\‘l N1INIVABDNN TN anlszaninnveanaaium H‘i’é)‘ﬂ"lslﬂ

=%

i oo o o g 1
iansildouivesniadas (Heicova er a,2008) A3tiunisnmIniaIniluntsaugu
a ads d - ¥ aa’ﬂq w B T
auvsdinieaanienan@esms samsniiduiviaz suareiududniTnileiuaule
&
ms“l‘i’fmsmﬁmu%ﬂ“lunqmuﬁ’uﬁ’ V¥U Quaternary Ammonium Compound {(Quat)
s w o d Aa a o o T A
daatluntissuazgmirhldedwnwvnddunawngugaavassy diesnnasdseneu
1 H r g L] fnd (?: o/ aremy = ]
Tunguitldaadodesvasmsainge lungundnashl sefslqumud@dumsanussiisiriia
-] o i o
1329190 (Cationic surfactant) HgniuuFeuuaiFoamsoiann @ luanmuiadoutidly
A19ge (nileils, 2552) iumsniiiaza1o18aluosnon (Ethathanol) Hazaed Tnu (Acetone)
1 1 o" 1 1 A -] a & =
uanzane ldHnirlui Tasdmingiigadseasdmedanuazorauazviaiadelsn (siia
L
or 1 ] )
uarnuz, 2556) A10819ved 151N 1unNguilAo benzalkonium chleride Fo@fe Hn1uidy
ar 1 3 b s r A’ = as 1 .ai’ :J'. :a‘ 3 1 ds!" Fal
fuarededldies Lidansounui dalfluasdsefiosngninfhedetoradn amise

ar g - H a J ar ] 3 ] s
dudugsnuniise, 51 TusTadq uasi¥e ldnialvg uazivelalsurda'ld uazd



= e - a d” = 9 1 '
iszaninmlumsinflesuufimiwazfuiodig o MRenuuniueanssed (ssams,
o o o ey VY = = =
2558) dedrfinflolszdniamanaalodudaarsdunid uazmaiumsaaussdafingszg
A t o L - 'U o ot

UINFIRIANYTEAADL nazAanTeuawaududunas S fududa (emwad,
2554; 5UNS, 2012)

-} ] 1 ﬂy = & N r.? = o

dugenlumsmaienuazerauaznisiuiedmlszionuilsfie wisldning lad

1 af r T
(electrolyzed water; EW) ¥avu1a84 i unisuend 10 1 Galaaauddlunisan
d? = = o = =1 ET O | 1 %] 1Y s A'i 1=y =
doyaunigvaeviia uaslimsnageuudin luidluduaneasduslan iioenalufiasiy
andalunandauazanimuiadow (Sakurai er27,2003) Tagiin Ew hda )@ Tuauiionlu
3 a A = wa r A = ot
msdumsdmgaivlugammassuems iesnigaauitamieasnSinamuafiGous
A s $ a w2 v va
WudvesianAndusiomsulsgluaz ussydasiomas 18 Tudiu nsuguamissau
W (YN =4 = 1 y° a

nsynTRaiadms Idoud@ld ew fluasiduudaeins vononiidninnuduases
A‘ o = ar arey ﬂi a = ol
dunmdonvssanigomimicldoyialiiniossuia Ew minudon Idfhamnse 19y

QI IHNTTUBTHITONAY

¥
9 el

E
@ e ar = oas ) [T
deafudngiyzasduesmsauiisluaeil isenaaounuandanisdniiuas
=) o o8 = ,3 = oo e e & o oy -]
UssanEnmlumsdudimsniavouFegiunidne Isadddgmamaunnddae 18idnTns
1 ¥
Tad uag benzalkonium chloride Tasmsnaaouniszeztamazdinsimngalunisfuds
P A = = o o at i A’!‘.‘ = o
MINSYVeNFeaUNTY Mumsnagoufidioesaramsanmsduilonvuiuiivesiag
v ran o = = t 'd :13‘ +
wagflugluvyd 4 wnhladniuisimsneaeuanuiuivdewadmz@sidaais
n 1 = o ane ] = o @ =
Ananmmailamaioul§idms e lfifanineiilviuauilaessoasdunnmaly
S LR A o H
mstifteguemefivinzanlueuing
LY &
Soglszashvadinsams
sy = ) ¥ oao 4 .
Lnagougaauianunliunz a3 Imevenioian 1ns tad 1ag benzalkonium
chioride $rematinnteallfiiams
{ Y o .
2. naapusrezares TN imuzauTums1$thadn Tnslod uaz benzalkonium
. A W uy.r = J oy e a = =
chloride IWDEUGIMIMIITYVIAFOYAUVTONND Isnday lumudnmeluaymady
1 H a A‘ =5 o r
G RY mums‘nﬂtrauﬁmamﬁmmmsﬁﬁmiﬂwﬁauuuwummmmquazﬁflugﬂamumqq
d a o L. EIRTH 'S - ¥ oo
s.nnaouauiuRysorsad (Cytotoxicity Assay) 1 lailswaduziFaesidiainng
o
Tad Uae benzalkonium chloride 42875 MTT assay

YOLAURVOINTT IV



E
o o

EY o
msIveilifunsitedmanes Taeduusadlumsfnmgaautidmaniveuibidn
o o r
Tns lad uag benzalkonium chioride (A11ndudu 0.05 %) smfninndniguidiugaini
' A0 w 21 A4 a8 ey o @ A .
ﬂ'ElTﬁﬂ‘l']ﬂﬁ’]ﬂﬁ’l'lflﬂ']'iuﬂﬂfmﬂl.‘]fﬂl.!.llﬂﬂliﬂ NATOUIIUIN 14 HNUNWUTY A0 Acinefobacter
baumannii, Bacillus subtilis, Enterobactfer cloacae, Enterococcus faecalis, Escherichia coli,
Klebsiella aerogenes, Klebsiella pneumoniae, Listeria monocytogenes, Proteus mirabilis, Proteus
vulgaris, Pseudomonas aeruginosa, Salmonella Typhi, Staphylococcus aureus Wa2 Staphylococcus
3
saproplyticus 15831 nageudIuIY 2 an Uﬁuf fi0 Candida albicansuae Cryptococcus
Iy o o o =S o ey 1 a g et
neoformans Nip Isadfamumsunnddrgmaiiamaisal fridmsamsrnamsdudeh
Muua
¢ = L)
Pszlewiifiamaneldsy
aen - & = Y agd ¢ A ' e ar
1. mmﬂmaummammmzgamamwmmmanim%ﬂ mam"lﬂﬂaﬂaﬂ“luﬂmw
4 Y
ou q 1
et - 4 %’ =oof ¢ A w 3: =y
2, ‘Ifli"]‘]_ligﬁlgl'm'luﬁg'JTiﬂ'lii‘l"lm’lﬂzﬂnﬁluﬂTﬂ‘h’u"lﬂmﬂIﬂﬁ]lﬁﬂLWfJEJ‘]JEIQﬂ'IiﬂTiL%?ﬂJ
A = o el 1 a_ 1T o
vousegauvidnne lindwynumaunndldstrdidsz@niam
& e 3 o L =y e o [~ Y o o
3, arinilunbaBIas (Cytotoxicity Assay) N 1 1saauiTsvenidian nslod uas

. . .
benzalkonium chloride siVenNYasanylums 1y



=.

unn 2

or

- n; = ¥
1BNETUAZ U IVUVUNEIVD

Swid X
2.1 anuim llibaatumssivielsa

6 o dg = L 1
maauielsn (Disinfectant) #1169 @137 195 saieaunidldnarnvaty 1

1y [ 1 o g o e oo e FIE Y a4 Q s e
1913 LL@‘]llﬂ'J11]'g’u!L‘iQ‘ﬂﬂfﬁ]‘]llﬁ'lN‘Iiﬂ1ﬂfﬂﬂwuﬂﬂﬂ3u%3ﬂ1ﬂlﬂ5uﬂﬂﬂuq ‘i]\‘l!.ﬂll']gﬁ']ﬂiuﬁhf
o A oa El 1 AN ladas A o 2 v A P ]
AUWUHIVDITIVDIANTGE) “lq]’lllil“an.WﬂﬂUfNﬂ"lﬂLW‘iﬂﬁg‘i]']ﬂslfﬂﬂlflff] (HBVWE WIHIWYT, 2540,

ngual AINUEIE, 2563; Niaymad uMNsHLY, 2020)

+* 4 (-7}

[ %) ﬂ R . =2 o =g =) r.?i, ¥ o
MT32IUT 0 (Antiseptic) YNTID MINUONTIUHNITIVIYUDUHD waz l¥m19a

=1 s =

a A A
DIAUNTOUURN ’]ﬁﬁﬂtuﬂl,ﬂﬂﬁ]ﬂ\‘lﬁ\‘lﬂ‘]i’]ﬁ “IN’(’niﬂ'N“lfuﬂB'ﬁ}l.ﬂN"lﬂﬂd disinfectant (1813

P

g
1 3
A
antiseptic (fonnuiduduAen 151 chiorhexidine Anaututy 0.02% Tthnhientugin
L . - =5 i o ﬂg‘ =
ol antiseptic untilomunmiudhuii 0.5% szi5i disinfectant 19¥ AT ARMAL G
1 1 - 1 c!‘{ 3 o LU |
s e saulmlssantnmlumsande 1813l 3 sedu Ae
] ci) i &oa .3 =1 ] § & a
1L.ansainaenNlssAnEaInga (high level disinfectants) (Hunguiligns lumsvhane
& v A Y a \ ° s Sy 1 ]
woga anunsnsine laynyile dnonnlihnruareaglnsaimanisumwndi lmansnil
1 .-_l’i' ] 9 [
i |d formaldehyde, 30% hydrogen peroxide, chlorinated compounds
L nﬂ ::‘:d =S 5 a Focil 1 q:g
2. sanFeniitssaniawinnad (intermediate level disinfectants) @73 TuNgu3l
ansohaauuaiiFouas i ldfeunnyila Tewldlude jiidmsing Tsaweimna
sodium hypochlorite, ethyl alcohol, isopropyl alcohol
] d? oy e ). o Ag‘ = a
3. 01590 1B0U T2 ANEN WA (low level disinfectants) #nsavnaeounaiSe Thsa
lé‘ - 1
Hazi¥e91 1AW Y 3% hydrogen peroxide
= :’ r & L 4 Y or L T gt 1
2.2 yHiavesinenswenguilinuedauwivme dun

2.2.1 Hueanay agﬁuﬁ {Phenols and derivatives)

b
s

o [ 1 ) A =2 4 oA
#7981914U Phenol, Cresols, Diphenyl compound e Tunguiilinnidudusen asiuse 14
kY

o & 1 1 ' 4 & = & =
57 uagoongns lddluanienia udlullnadeatefveass uennniignsszanaaied
a Ad 1 A o "y = A A ar A A ' o
oNsdUNEd Wy deanSenued agadn duivervszmaiAereimlaaziiede damali
=y v P o 1
anuilslunmisl¥msnguilanas arsiusassi 19 TUsAud@oanm Taavia Tz M lumsei
‘g 1 1 A £ oy o -] o
@oqunsal sy Tadaaizdihe uazinseiie ludesfiidns Teetudmaheywusiluen

= iy 1 1 & o 1 @ i
witaf luszanefior Wy chloroxylenol Fudlumiutsznoundnly Detol® uaz Zurthol® 4



F=1 o A 3’1 LI @ d'! =4 o 1 -]
el luataison vensnuudiienldluaoumeninadie iisannianunedaniiuazdall
£ & yw e o ad A A as ¥
gnisire ldvanvate wilasdunidlydu vensniifinnududud 9 siawsaldiu

ar -j‘ . N = ar ¥ 3
#1552 3U1%0 (antiseptic) VURIMI AR
ey,
AMANUA
1 3 3 = gr J o r 1 1 21 3
Lannsesure linldvaswiaruvadeialsa ud luawisasades]d
) = v ) L] ¥ o v 5
2@lumnallunguanissdsi saeliinnuazeadisiiv
3 lunanssuuaz bildasands
msl¥au
3 o .ﬁ’ = rd
Llshanuazoniudazgilnsal
v b v ¥ o
2. Jmihnheusneud i nuazoin
Yad1na
= =y ar Y o [ [T Qs ey
JeAfiosrInts fdeareainse el dunana
2.2.2 31110 U (Halogens)
v é’ci a 9 o ’.‘," L] éf = = =1
as Tunguimbnlgithahssingel 2 via Ao
- mydszneunasiu (Chlorine 182 Chlorine releasing substances) TAun Caleium
Hypochlorite, 1,3-Dichloro-5,5-Dimethylhydantoin, Dichloroisocyanuric Acid and its salts Gl
Sodium Dichloreisocyanurate), Sodium Hypochlorite, Trichloroisocyanuric acid and its salts,
, 4 r . y ' A ‘
Chloramine Tﬂﬂmai‘ﬁrﬂ 19 ﬂquﬂazmﬂmuﬁ’wﬂﬁ Hypochlorous acid L8% available Chlorine
é d’ 1 3 1 g . . o
oangnt lumsauye Tyannuuswwedaslsynauilozuaailugived available chlorine #a
A o @ oA 1 i &3 =y
3199 2.1 Taspaeiuvzvi v IlsdudeanmlaenmsiuiulassadalUsauaruidluezi
- _  AXAR Y
TuBas2 (free amino group) UMis ldnass uaure lushiszih srudeluaszei asdseneu
{ = @ ¥ oA . . 3
aaosuRlen nihnheainde fo Tw@enleTunas'lsy (sodium hypochlorite) Wiethenan
) A 3 4 qud | s e d o M oA ¥ P P
YvsenasI i Fluluesuure lupdndudt luaiaSeulvomssvador oy lawmes
. -] s w  Ja i 3 r v ) =
(Haiter®), nao5ond (Clorox”) uaznandmaous Tasnnssmihedmnniustiadududos
Aenslnfinnudutuvesludonlalinaels widy 05% TeelSinas (vA) vonves
- - | Aflﬁ. o =N - | La s oa 1
ADDIU AONIRNTAUFIYUAZIIAG uanddodpAoligninaniou uazdszdnsamiunmsah
& A a A oA Vo s oA a o el 1 ~
IwoasaulolmsdunIdouegais uannil slindaduvinesalasasenasivesnun
L] ) r s . E o 1
BHNF1) (slow release) Anoglugunaosluil (chloramines) Fizuandiogedng WaaoTu
= 1 -] o gr 1 d‘!‘ ) Qs A J 4
daszgearyazane 1lumshanuazouazdndi TN DURIMI LB Bo1talle

1 A 1
90 (M09 lunaANNTEALADY



o
dotvedladsnlalinas i
1.51M190
1 .é' g w A s = o é‘: . . ..
2. amnsnainde ldaTudus Mutut i Tadluns Antiseptic e8¢ Dismfectant
o . )
(nututusydeuihulefiFudvelafonlaTunae'lsd w3e ppm vesavailable chlorine
Tt 1% NaOCI=10,000 ppm available chlorine)
1 j‘ r 1 =)
3. udY 0.10-0.25 ppm vz aunToalFenuefiFedsulng 1§l 15-305117
1 g Q 1 r 1
4 annsodnyetalsa ldua ldaunsesatles 1d
sAanududy 05-1%mnsovhael3a1889 100%%y HB virus uay HTLV-3
(AIDS) aruudu 0.5%Sed hypochlorite (Dakin’s Solution) a13150 1415w Antiseptic14&1s
4 Y 3 ail A 3
uraanilsniipazatentasdundwiieoiaoudy -
mslidselar
Dakin’$ solution T¥a1snasesiniu luamiuanssy
Jaiuvealandnnlslinaslsd
) 4.-.&:; 1 LY %’ T s
Liluenandin lunsideswaunionlwinnfu
4 &g d'. = kY
2. sxMmafoilaliouasAInIg
3.naURU NanTou Tane
2 j @ -] 1
alhenwazenituiaing lamslfnudesaugalerhanuazenld Mask
wium dosiunazidongu
oY Al o = = o g = @ A M 1 1
sszfinsamazanauipdudaiuduvidingienirimnuazemnesienenai
A v oaad
1A I35
2.2.3 Chlorhexidine salts

a15u ﬂﬁju Taun Chlorhexidine Gluconate, Chlorhexidine Acetate



AN 2.1 araduduvesmsilszneunagiuiilfhanuasem (910 WHO safety guideline

3" ed)
Nuflszans fufsnUsn
Uinamasiuiifesnts | 0.1% (1 nfu/Bn%) 0.5% (5 nfu/hns)
- Sodium hypochlorite {5% available Cl) 20 iladfns/Gny 100 dndans/ans
- Calcium hypochlorite (70% available Cl} 1.4 n3u/893 7.0 n3u/8as
- Sodium dichloroisocyanurate powder 1.7 n31/893 8.5 N311/593
(60% available CU)
- Sodium dichloroisocyanurate tablet o1 Win/anT 4 \iln/Ans
(1.5 g available CV tab) |
- Chloramine (25% available Cl) 20 nSu/ans 20 nSu/aes

2.2.4 m3thiznoulelofiu (lodine)

s auy 1 é’ L) LY = A Z oo = ey

Ugaantilunmsdudewudmnuaasiy  wasmaderuiurviounaiite a1
loTeRuamnsmhagailesveniudn Tagle Tofurzdusunsaesi Tu'nTs8u (yrosine) ¥

' o | H e o
Wlstu@eanm  adlsiom  ilesnin’le ToRuazainhldlidin  lumswisendiu
msazawisdeslddrasawdn wu leTodu azaelentiuea niowdoulugl TlunmGow
£y L] j = a 1

ToTeoladluzi/fuves lo Toduldsingounimis ualdodede Tausexdouasum 5014
imsimmnlvegluzditness YandosleTofusenun Godophore) iiioldmiuds Tuuauuay

by 1 di 1 1 4 :{d L] =1 ::' -]
awsaduenn lduaiiiesnngmlandevesninegiadg gndie liguusafiveweiiezrhany

o 1 =3 @ . .

avefusesmenvaited iy winsue Betadine™, Isodine®

AR

o ] o o
1.00N9N5 lUMsMaeyaunsd 1ae free Todine ( 12 ) Mmiaaa luvimoTusdn
2 N . & = 1
HATIABVUIMMIAIN nucleic acid ¥OUFDYRUNTIDEWTIAG
Ly 1 A‘ g (- : =y g

21l5EanBn M voImsH e TUOYAVLSY free lodine FuRAvINMIBoTIE

o ngnRssn e muavestingrinomuniania
R o A ) ) o & = .

3. 1 dnadlunsedude ( Antiseptic Waza19u¥0 ( Low-level 014 intermediate—level

disinfectant )

1 3 =) =1 =] % ﬂ o oo oar =1
anToainFogauyi i ldnaeaiinsumiase Su Tsansdidudan s — 10 Wit



thselawiinl¥
1 é’ A’ =] 1 = [-] ar
Lidaindeuuiund wu giinviniu @Sy Tanly
1 f-"!’ a ==
2.\ usodagiuduwhn vie uaou
va ¥ A A o
3. gl ubemasoalionoud

¥ oo

UVINA

g

a 49 al L] o A PN 1 &) o
Llwinauadeuldeulnigniuiesnilszantawgegalumsadudeiaulsa
wwldoulidsnnnanuds 24 42 Tua
¥ vy & A H = Y, d ¥ ¥ 3
2.dealdinaulumsi@eorthefiezldanu minflubasedrahesznua
UsednTnim
o ! & o = e -3 Sk A I o ooa 7
s.nantounuiilans nazdad andansallelduiu 9 ( Avudndreusanoses

1 3
NAIINUF LAY

2 .

o @  ar 2 o e el = ey 1 ﬁ'
aandudriiged1stdos 10 w19 19ElUszansowlunsainye
e = oo o ot Y ] .i’
s @1rdunI gz nilszansnmnmssndoanad
[
2.2.5 uaandaoa (Alcohols)
1 .d?.’i:! A‘ y A‘I d..d. 1 z - _} al =1 ¥ g (7]
asnguilgnsanuyenasenawaiBe 51 Thia  vaziinedeweinlsn
3 1 ] . 4 E- ] 3
(Mycobacterium)  ug lausovasadesvosnvsauvaiin e lduazaiuaiviso lums
= 1 = o oo S 3 4 . =
UNINFFIUTIIDUNIIS N neaneeoaniienlilueaiu¥ofe ethanol 1ag isopropanol ¥4
at L] AJ ~ %) 1 \‘a'/ |
semeld Savanzdumsadideuufimviisnouiies Taeia1Uuda ethanol AaNUduTY 60-
r é‘ {73 H ar H L)
80% legtSas vy mwsosindelhSafifin/8oniy (envelope) uaz lhiai hililFandx
=y vy Y -t o
vwia e wdfinadudu 70% TaotSuns @) selidseansnmddgauaziiunundudu
o o q Ya v A ¢ @ v o o
Auuzi vy ANNAINITD lumsswovsauanegedzulsiusuT R Usenou
4 Py =} o = ] 3 Hhed 1o al s my i
MivouNl  wmislmsueuNInIziia A INIToeFe laaushna litinaRunina i 1Uéae
AU
sy,
AMENDR
ar - & =1 T A PR
1.8anvgedoangns lnemsanaznoulilsauuazazarelviufd  Weduwanyild
-] r g
Tds@uBsanmuazynangmivrad o die
= I3 1 nﬁ‘ o/ o . .
2enausansgea  asanndeda 13n'lduaz 1a¥anan herpes, influenza, rabies
@ ] o’ ar ar ad (=1 as "o d.' =y o
1dun wan'lifadudnirunazaps dldindnguidnvnsile TaTnsRauoanosed
' 5 ] é‘ o F= 4_-?1) =y 3 &,’ o
gsasin ldszesnanlumsdi@ed s 12 niidudeuuaiGeldveniuuln uay

ASNAY



-y o't c‘{ 1 j‘ o 1 = o 1
3. 70 1% TwsAaneanagodligns lumsainudo Tsaldgendt ionTausanesed udsziny
k) L] ¥ = 9 -] = '
Nl e semafiosinnnnn
ananudniundfigatie 70%  maelvinaneanssedtesiigaiiny 1dwaniige
- ¥ 4 o e q ¥= @ =4 Y= o 7 =4 w Y
saziifSnanhnnemnzheei dmiailenlda drelduoanesadunindunssoiedalé
1 ef as LS ] v .5 oy en
fuazszmee Bidlusuanedermianndwnududuuinn 80% aulidseansames
- o 2 2 ~ A ¥y ¥ g o A . .
anaaRn Iy 70%uoanosaansgosriiaillf ldnadlues e Juie (Antiseptic) uazans
r g . = 1 A.?I' a_ o G 1 a 1 3 A 1
%o (Disinfectant) wonanaz lHiluasainde lasd iandad 165 wiumsausedy
. [ 3 v J r ] o
savlon 1:30 in alcohol 70% 15T aeiionsdl deenisainde 5aaiu 2-5 1R Sludu
Vad1fia vaneanaaad
-~ -~ A ol = A r
Usednimmezanaulodudansdunsd iieann  ueaneses lazaeTilsduly
2 = %’ a 1 [ o A a3 =y
@oanIniate ArnTeu aw uduay nsedldwaradn
2.2.6 A130ANTIAIND Surfactants (Surface active agents; Cationic surfactants)
"\ Aad g 2
13 unguilinesiiiuilszgal (anionic) wI0Us29UIN (cationic) WioDIINNIAD
@
@ o 1 . ) 1 o £
UszqluTuana@edii (amphoteric) waru19wila lifilszy mon-ionic) a1slunguilfigntly
k' by =y - . . . o= £ k' =3 c‘f ] J) 3 =2 Y b
MIvEa1AIn Tavaia anionic 4z non-ionic NNrraNgualgniainyed 3 luTonld
3 t A) [l oy LY 2 ) . . a{'
Lﬂuﬁﬁmn% AIUYUA amphoteric mmmummlﬁ’ cation anion RS zZwitter 10n (ﬁﬁJ’J‘U’Jﬂ
Z ' o = & e we o dl 4 Y T w
uagawe MU lvananel) Jlguauianatiuassaiezasauye dwivens
L. 1o o ) 1 & i . W i . 3 1
cationic Ny lumsitluaisaiuiro 1%u cetrimide a2 benzalkonium chloride FaliHane
o4 4 1 =t ' ' 1 A Y I &
LURRFOUNTNLIN unsuaD nazst ua W iinadeaies msnguiliignieinyed Tl nau sa

=5 =y

- w Yo o @ E A 4 o A 1 - o
UATNAIITIENSO IFHUAIMIIN vTeuTnanilaweseu Ao in lusemefies Seiionly
1o Foat L= N = R TN é‘l:ﬁ’ A - L= B |

Tuanida g ng ualdodensnaeuazgnisniorsanauioilasdunide
] d
2.2.7 58 199 Aldehydes
' | o v A 1 @
mﬂuﬂqu aldehydes Aldidluans mmﬂﬁag 2 #fe formaldehyde 1% glutaraldehyde
ar
ar a 1 ] &J
asiteg ldodaussBamzduTysiuih Id Tdsdu Tdannsoiauld  formaldehyde  Sgnd
o A ol o 11 g ya & o Y o
wmowe ladslugdasazaronazufia uanelfifannusemunownzfanadiafesdy o
1y o ] &l L LY ] 1
S ludtoldiuensatnye sncdulffluastudslumsasse oz o 49 glutaraldehyde
3 =) v A ' o &
Tanuszmodosiseniwaslszaniamlumsan@odnit  glutaraldenyde  Hunilalu
=S { o o ¥ 2
asndl luneian iy sterilizing agent Taone 1 lugUasazaneaud 2% Unnsimiauuaiide
Mycobacterium 5@ ladamelu 10 wiil musosheaded ldualdnannuniniad Jegiiv

CE
T dumssndedmiuglnsalmsunndlulsmenna



10

ey,
AMANIA
= & =4 g w o " A da =)
1.ng17197 lad Aanududuz 0% Sadluasainreifilszdniamygs
13 ¢ o . . = £ 2 v A4
2. 1379 \HluAntiseptic (w51zfignTsen wiRonoiiie ite
& 4 1 1
3 gnsanalesinnnii formaldiehyde 2-8 111
471150901 vegetative cell vasunaiiizelu s u
san hiadudmavnaziend ldmey 15-30 wid
' o« 13 1 =3 J o &’
s.aNvaso lumsanailed Juegdy wiaveuFouazsunnie
1 g ar 1 g 1 or 1 oy
7.m3aiure i lsnezai ldduaslgnianda Isa ldiesnnesing lad, leTe Tl
uazeansaed
=y o g ¥ cg = | a &
g Sgniaiuwelaund UudowdesnTearsdanas
1 o J -
9. luvhaneitenanadnuaziaud

= & o ¥ 5 = P o 3/ J o s T b
1o.dignsnanseulaneiaunnizh wdun ldlaesse dagh limnsenuanuisu

2w A o
Jedfinvssngmaadlan
1.51R W
PR 4 A oy oy Y S o ¥ ' ) ¥ ¥y
2 dnaugusznofedesdseen Iivuamethnaumdantiiien nouumhedesdis
oy b =% 1
sounsdeanlinuauazdaliuisaiindou
wl ' A ol
1. A09sziiAsEuTeeTuvuaeY
h g [] %f 3
4 eyl ldmask NaaFed il
= ci 3 gt = 1 L = n:{ -}
sananlddediomenismazainmszesuve ldhwazlignisyaedios
¥ = a & W oo @ (% oA o ¥ ¥ ¥ .
s hwgiiszaniamegla 28 Suuadwanaiosiion lUgnmienen neutralized
by T ¥
150 diluted AU I Feoitloufioe 2 Flanvindy 923 wWaeu
dJ ar [l []
2.2.8 AamMeUIUeN W HBUABIWIUA (Quat) AI0814IFU benzalkonium chloride
Ay
aoelia
o [ - e 1 a
Ldhanssieaaussiedn sslunsiianuazon
A oar ] 9o 1 A = as " 1 xi; =
2 J5unswdsdldies lisemmosdmituey lidansouiuii
o A A o o w | 1o G W =t & as
3ahwueworudtinund hisuludesdouianniu
1 é’ - =y 1 = 5 . . b 1 1 " »:g
4. ANTDNNFPYPRUNTY 1AM A103HIATINNG Virus  Aidsud Jananse  ahailes e
as o oo o o o g 1 g y = ° ] o 1
Jalsa wazbhiadudniauld Fevadhniesd@eniiUszdniamar lawisoriunldan

é’ A A 3 o j’ =y L] ?{;
Lﬁfﬂlﬂ?ﬂ@ﬂﬂ"lﬂ ﬂ1u‘1m1°§n1mmﬂxmwummﬂuaﬂmmu



11

a YY) j - =l ] ‘il
5. 19 lumsduda v 10 1 lunisande
e q ¥ao ¥ A 1 P
s lfinamsand e lgosaats Tngsssuyia
= ey A ar o =y = o
7.d52@aninwanauloduiaarsounid
d &
2.2.9 memauateNuisuna HANINIPENEIBE HiD ABNILANDIRA ( Quat-
alcohol )
= ¥ ] 2{’ = 12 o W oA # 1 o L ¥
dhuhmanderila lnugahdsdvenie lunguisanesadmandodssveiiie lu
1 = o o ¥ ' »:.?I’ 1w 1 - ] ai;
nguaten  Jutlumswannauiuldihosiudelni sasgludsz@niamlumssinietu
AN A8 didecyldimethylammoninm chloride, diisobutylphenoxyethoxyethyl dimethyl
benzyl ammonium chloride
ATy
fouarNA
o % j =1 [ A) é é =Y =
Lomlumsdudaium lunsiausoanainsawil 1@y 10 Uh)
1 'd‘!‘ = LI | g o ﬁ 'g
2. Judlasandeniuia hiswiludssdrsimssnpuuoiniie
1 ] c!‘r = 1 =
3. lifansaunniiuii @ Tang uds waradn
1 =4 - ar | 1 r-‘i d‘.'l 2 aF
4. liszaefnIRmiavTotiiae (ia90913149)
s lseaniaw lianaaloduiaduassunse
6. lupalminamsandian ludesaarsluduindou
d.d' o 1 r=| 1 L] 1 ]
7.NTUNHAUUOANBIDANINDT 40 % laslitSuine quat 11901 0.20% ud L
1 g o o o 4 ] Al < -
0.30 % anwsoainude i Tsa ld Sedaithnhmsiweidseansamilunaig
&
msistsslar
kY L] d‘l -1 1 o
1. 1fumnTeeiionoudeiinuazea
a j Fo el
2. ManugzeanLE TUARHANUANT T
1 g A al o 1
3. uroInIelouay Tagiuanssulungy Semicritcal
ALy g ) -&’ G;ﬂ
AaaNDAve NN IT oA
@ d‘!J 3 =
Lauseiamse 1455 uasvatayiie
1 lé, ol J & _ £=1% L] 2 a4
2@ wnsesidweia Tsadse iasiailitlasn (AIDS) uay  sialuileen (hMiadu
DNIAL)
o w B o A
3auanuasdueg luanznilunsanson
4. )sz@niaw Wiasasdloduiaaisdunse
Foas 1 J = =
5. Judansouniud (Tans wanadn 919)

1 - =y ] . (=1 o 11
6.11]53?]1?]1‘?]?)4?4']1’?11@ HIRIY 3 ul,mﬂut')uﬂ‘i"!ﬂ@miﬂﬂ”lﬂ



12

7. lnTnawvisiu
Ted 1 a ar g -
8. lutimansznudese vyt tmingy

2. T1AUVNISTY

3
=i - 1

aasy ar r J al o b
wanmileanguavRmnizdvesmsanie dildeieidulinadodszinsnmvesns

0 o &‘ 2 1
MInLye "I.mm

1.

a ¥ P o

o = 1
Wmnagdundadudu HilGnagdunidiudunn Awzdwaldldnannulums

|
N1IALBD

= J L3 =y " 1 g 1 L
sztonves9dunad endas siaiinudenszurumsainsounnaaiuy

Al clete s . =) 1 ' 4
nuARS Nl IA (vegetative form) 92 1dodBmsanee nnnailed
- = 1 = =] 1 é ’ &J
AMWNAGOY TTDUNTIANT 1FU 1ADA MUY LNarenIToangnIvesasHIde
A .y o Yo gy ¥ W v & A e o A
esnnmsmatiuszgaFumsio M lda nududuresasainiedlutiuze
AR
v A - o <@ v & . v ¥ a o
S2YZ81 A5 NFONNFUAADIINI T UNITANYB (contact time) AIUNTININETA
- A s w ¥ v & o 1 ERTTEe - ' w =
viepiuiInnheeideudnisldeons idnszosniis himsdriooniiui
& i v A 1 o« A 1
Tagna'1l nand ¥ lumsavssnuninazaide ldunn

¥y - 1 A = o ¥ ¥ pa A oo &
APTNANVHVDIATTHUTD TN UTOVUNFUANA NVEAVVUMNUGNTINGIYULNNIT

o a A 4 o g . 2 : 1t LT -
Iy Taveskonsodarilu microbiostatic UARANUINYUGIN I Y

o A)
microbicidal 1D ‘t’l'lﬁﬂ&llﬁ]iﬁlulﬁJ

] o ¥ A 1 = @ 1 .\
madenlanheainge wulunsdivealhiaTalstl COVID-19 N4 Centers for Disease

Control and Prevention (CDC) ¥osansijomwdnuazosnmsounislan (WHO) Tduuzih il

ethyl alcohol (ethanol) Aindudundtatios 70% Taorl3uas (vv) W30 sodium hypochlorite

0 PN 1 .
Wt 0.5% lumsvanuazeadinii 4enInTing National Environmental Agency (NEA)

Q = ’ j { @ . % 3
veusemeenlui Ruuyihadiavessisaintedianuisnldiu Coronavirus aeugiinedl

1 =) r ) j A‘ ar 1 ol 1
msfnynneu lnasdia wdiflesonde covin-19 Fureeewugluni Sadsluiideya

g/ ' =T sy = w . - -~ w1 2
ﬂ”ﬁﬁﬂ'ﬁﬂ VDYAATI ﬂQlﬂuﬂJﬂMﬂﬂﬂﬂ.ﬂﬁ]TﬂﬂTﬁﬂﬂ'ﬂTﬂﬂ Cotronavirus ﬂ!ﬂﬂlli'lflq']uvhlﬂ']uu

g L Al ot 1 o 1 L g} I
wonnnlt  msad@e ludegiumaummzdmdeluguermdndugs  dafureuld

o o " ¥ ¥y R I ] ¥ o3 b oA |
43 Inndonhmiendnhidlanududu lidsonnanudududmigaiamsaainye

Tddaaaslumsian 2.2



13

- 1 é’ i 1 é’ .
AN 2.2 ssinreuazaudutuRa I e Yo coronavirus (% Tanl5uas viv)

-4 \ W

u“iﬂ']ﬂ"lt%i) ALY IY
Accelerated hydrogen peroxide 0.5%
Benzalkanium chloride 0.05%

{alkyl dimethyt benzyl ammonium chloride)

Chtoroxylenot 0.12%
Ethyt alcohol 0%
ladine in iodophor 50 ppm
isopropanol 50%
Povidone-iodine 1% iodine
Sodium hypochlorite 0.05 - 0.5%
Sodium chlcrite 0.23%

1 1 ¢g =% &J ) r nj) 1
UAETNNBBU NS UABI9YIHD lhen N9 NEA lduuziiasanded ldautubon
1 ﬁg‘ - r
HATHINITONUFO Coronavirus 1417 5 ¥iin TAun benzalkonium chloride, chloroxylenol, ethyl
alcohol, isopropyl alcohol, 84812 sodium hypochlorite
as A ] -t o Aq Yo A o oW oraam 2
fwmfumsyeuazaueniunszytumsen 2 dumsildnuiudaeluiddamnniv
A S | r Y A g i o %‘ 1 3 o~ ¥ o
tosnnuetainnuguuse anso 1¥nuadidia la Fmfmheainref gy
) 7] 4 ar g a:f . Q
azoafviafietestuie COVID-19 unnsznsnamsaguvesszme Insuusihly
1% ethyl alcohol AANTId Bt DY 70% Tumsanuazen
o ] '
2.3 nalpmseengnivasmselusegaiv
r rg = =4 é\‘ ar ds.'
assiuregadniina lnniseengn’ 3 uuuail
Ld o et D d £ 4
2.3.1 98NYNTANTIUFAGFUUDN (outer membranc) 5N UFDITFHIZ BN NI REU
1 1 r %’ .. o
ANUAMITANITUEIY (permeability) aottfagunnulivewin (hydrophobicity) V8IHI
' o @ ¢ o 3 voA = 1 9/ 'a 1 Ao o &
waalazhaemisaad Mlvasanregarnmudirad wazarsan qududuiilvasen
4 ) g 1
VINad asmari laun quaternary ammonium compounds, chlorhexidine
L4 o z _ & £
2.3.2 eongnsAmivaadsuly (cytoplasmic membrane) M13siMFBYATVIZOONGNT
o @ a‘g; o Y o= @ o - I o M ar
maeriswadyulwihlfinamsi lnavesssddseneuhegluyad ERATETREN
a & o yr."f = |.:f o1 i
nszvIumIHi laszAradam Iiyegadnae  ®ismailldun  quateary  ammonium
compounds, alcohol, phenol
ﬂ{w T o L] J o o
233 eenguinudiulszneunielurad  arseinFoadinosduiy DNA, RNA,

a
ribosome Y1k gadn limusnd15a33nne 118 msmailldurmsnguddon (dye), acridine
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oy o

Tagorduduemunis miggaingdunsie  wad. 2535  laumsesndseain
A LT | 4 ar ar a r =1 A
nIgnINgeamnIsuTetndetedagduasw wa. 2546 Muuanguvosmsiall ¥e
- Vs w g ) ] 3 A P v &
asndinaznguedasuiiifluhubon vienuesisagy iedss Temiunmsainye
g ot A ar I ar A a ol o a e
Tsa Wy sheds wvesguanel uszdmgoy 9 dailutagduaneluninusuieyeuusa
Ty é k-] a dg)
AUMTUAMENTIUAMTOMISUAZE F9enuTsun 1Al
1. ACIDS
2. ALKALIS
3. ALDEHYDES
4. CHLORINE and chlorine releasing substances
5. CALCIUM HYPOCHLORITE .
6. 1,3-DICHLORO-5,5-DIMETHYLHYDANTOIN
7. DICHLOROISOCYANURIC ACID and it salts
8. SODIUM HYPOCHLORITE
9. TRICHLOROISOCY ANURIC ACID and its salts
10. CHLORHEXIDINE SALTS
11. PHENOLS and phenolic compounds
12. SURFACTANTS (fiou19 Cationic Surfactants)
A W | - A 1 oA o
13, wiaduain Fluthudsundionemssagunese Tomlunmssdwie lsn vh
g al A o o ar &
Aanuazeany dhnivnsesguiusinas Jaqaue
& e ded ¥ - A o w9 1
14. Haada N IFluhudounTennamsuguiods: Toni lumsdndiun asah
& o v & 7 LA
olsn vsemdanauluasy e

=y =y &
2.4 9IMSIHARHUINFIANH YD

YT

4
= =y 1 L] -y o A o o
imunadnvesanallunguililldawe famsszmadesfimiludoduda szay
- = g Qs =y IN o ol
WesnmmsipeRuezunnionestusgiuuinafidoduds  anudiduvosms  uay
Mo o w 3 oo ol o 1 = & w ' @ b
sroznasuduRamniundadusminnuiiunsauszaann wilgnsnanieu nldina
oimshadou symefeddnd  winfudlsgnudh il asfiomsdndeumeluthn e
o ar 1 1 o ar =, 1
nszwzeseya Iddnmy  oxdow  gamszinawiiuden anuduTafinanased
el [ { ] o =3
7057 lagndae wazluneheimsguusienemeldillesnnnireaduvesmadumele
o =1 ar =4 L= | ] = 1 £
mingeauloniu ssliomsle ddn Yaefisur mhila esumBouaziniwmbion wingn

. o o v o 3 = A Y H
HINTNIZUDTINTT ']J’Jﬂiﬂulmzllﬂli HINENHAE NN I TSR 18R mﬂaﬂiﬂmm:mm"lwa
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2.5 Benzalkonium chloride (§4H3 ?i‘%mgm, 2012)
. . a ) A - ¢
benzalkonium chloride; BKN tilumisaaunssasdlszquon ieanniilaseaiiants
{ o : e
nfifithuniennslsd genas lsativszyau wazmeTalalasmivewdueyyailszauin g
. . ar o 3 I | ' .
1) benzalkonium chloride S3iluas "ﬁﬁﬂmﬁ HUANNFDNGY Quaternary Ammonium Compound
(Quat) UnaniiR Antiseptics Uaz Disinfectant Hua1sH17zdn Tas i IdRamssvnoRes
= s q ¢ s @ y g : s A
tanmdszguini annsamzuuimiald  anududuimunzanlumsviaiaielsa

BILN I 0.01-0.2%

?Ha
CI2H25_IIT_ CH, Q
CH;

31] 1.1 Tﬂﬁeﬁ?wmamﬁmm benzalkonium chloride
r's
2.5.1 na‘lnm‘saanqnﬁmm Benzalkonium chloride
) L ad : , _ 4 ;
benzalkonium chloride 1 FaN 1AL alkyldimethylbenzyl ammonium chloride %8 Woan
Vo o ow M =l | LY r r-"f - £ ) | 3 = o 3"_.
F90NUARA® zephran 150 zephiral FdumsduGafioongniniunayegadn @ m15080d
d‘lJ { w & ar 1 B o A o 54
@eouuanizey, 51 15 Tad nazde l9vialva) "HINT infuenza” vazduvenanansadudauie
L7 1 L] g H = a: J s J y
M¥atalsld  usoulamlofveadsuuaineunsia  shuate hiaguazdouvaiide
- .ﬁ' 1 . . Y = 0
UATUBLLNGYTIAILADAD benzalkonium chloride 14 JUseANEmwlumsinilosuurmiy
j - 1 o 1 o
HazWUAIN 9 JRe U ILeanasos
2.5.2 ANy vos benzalkonium chloride
= e s o 2 = & 1 &
neriMynliguaniamsdumsaaussasElzguingineanuizmofior  uag
L0 1 'w s al g{.r A 1
fanssumuaNuEuTuaz S ansududes  Taen ldloasazarefaududusinni

2 - [T 1 t_}l’ d‘- =] 1 -y 5 35 L] 3
7.5% g IMifnduasienaiiaibe einsasimnasy i ldaaus 1nsaauldenseu vrehes
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omauas Iniiidne aevesvasaevs emsdidn DidessenlumedusmisawiZuia
ez uduia
2.6 ﬁﬁtﬁﬂiﬂ‘i‘hﬁ (Electrolyzed water)

1hdidnTnslod gnvauasiu1dadwsnudsenadilu mdoadlon 19 lunswaado
rzu Il WiRansznunsdidn Tns ladifannmsuenamearsdret shusnuas
au Tavdlenszua tfhrnaiindefinnududusnlszaniens o5 $hlduinaiing
uﬂiﬂﬂ1mzﬂt‘si"'auaiuﬂagiﬂuamﬁ'ﬂﬁgﬂﬁuﬂanﬁ"smgﬁummmu Seouventiundoszifiants
uanim luszuyldun TmPeudesuy Na)lalasmudesu M) naslsadesu (Chuas'lsason
Tyddoou ©OH) Tasdeaunamamisuruduummsitanseduie Tedoseay
(Na) waz lalaswudoou (1) !ﬂﬁf}uﬁﬁF»IHHLM&J!.‘LI?M]lﬂﬁlLﬂiﬂﬂ FalmAeusoon (Na) 9
sty leasenlwdBoeu (OH) Ruandftaun Inafnarodhulxdensasen ssNaoR)
wldasazawludnaiifiguaniaiuasazaod #7d  Electrolyzed reducing water;
ERW) daunasliddesu () uazlonson'lyasoen (OH) wndourusummsyllf
FaueTua Taoveimsrufiseriuddnudhnsalallpaea (HoC) uaz nsalaTarnasin
@O vnlimmazawluneitouanidumsazaniBd@nInslad  Blectrolyzed
oxidizing water; EOW) fAalanisifadgisenadning lade (electrolysis) vormnsazanainde

& g i [
Failumsilszrounillooou Av OH Lax Cl- AsANNTS

NaCl + H,0 —>  Na++CI+H+OH
201 —  R+2e
Anode: Cl, + H,0 —>  HOCI+HCl

Cathode: 2Na™+2H,0 > = 2NaOH+H,

TnmsfneRaun nuinhedaTns lad ﬁi]‘l’l%ﬂl&ﬂiﬂ pH 1521 2.7 e
iszAnsnmmafimlfiseioendiadu I dntu (Oxidation Reduction Potential:ORP) 110071
1,000 mv nastudaszausio-s0 ppm Wuasiiaumnialumseude lsa Wlimsfv &
anuades annsanylilduu s liums uazdanudasadosodldny (Yu-Ru, e al,
2006)

2.6.1 nalomsahielsalaeiaininslad

deimsinmeanszualldudnnluszuy Fesinmsgu@edidnasouie T
svnoutlunauazadufyeondioy hypochlorite ion hypochlorus, chlorine gas U

& 1 é‘ = 4 = 1
hydrochloric acid #3815 hypochlorous #1 Iniiuansfieond lad ldusanarsilszneuassiu
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fiog lugtunadonlaTnos lsduas TudeonlaTinas 15 vennntadavnsninlalinansa

{ o tag - 1 ] ] w o o
ffluesddsznoulniddnTns lad vilansauds M ORP figaunnii 1,100 mv. FuduiTess

D

o o

o =y -J = < ‘g .
wddylumsmivayulddsedniamlumsvhaneg@unsd1dasern (Kim, ef al, 2000) 98
1 %" oo 1 tg
i ldmihadn Tns tadddnonmlunsaie 1sa lanasiuu Iums e auvanvais by
QAAMNIINS NS (Maria, et al., 2015)
e =1 1 &
2.7 JEnadoumSIAH YD
ANOUAMEATTUMTOTMITHAZE JABBnU SEMAKANINUMN I NATOU
& e = a o r d‘!’ aﬁ; o 1 @ P} =Y o s
szdnsnweaadausiainde Tsauuiunien luligngu 2 21y fe siaveunaazaiinia
¥ A e 1 Y-
WUBTTUA M 0DARUDHI
TENAFOUAN ACAC (Analysis of the Association of Official Analytical Chemists) M3

2

- ] Al 24 ar 3 o =y =t o
nareLlszAnimmmssdenuaiife  dwmiunmsldluTsmennalinageuduydunis
) Staphylococcus aureus, Pseudomonas aeruginosa W Salmonella choleraesuis ER

o 3 o o = 4 =
Salmonella typhi dm¥ums ¥ luthuSeuvazaanfidu MWaageudy yduntd 2 wia fe
Staphylococcus aureus WY Salmonella choleraesuis W30 Salmonella typhi MINaTDU
;o 1 d‘!’ a ar o @
UsednEammssindes Wnaaouty Trickophyton mentagrophytes (uiatl FadmeyFand,
2563)

-y oA A o A 2 oda v A A = A -

ﬂﬁ‘ﬂ!El']i'lﬂ'lii“ll']l‘]fﬂi‘iﬂﬂuWHW'J‘]JuWHLL‘INﬂﬂJgW}'N.‘N"IL“H@T??}HNW‘HW'JQN G WIaw

-:.?I’ = A ¥ by £ ' 1 @
L“]S’E]T‘iﬂ‘h’uﬂﬂu HANVINUNAU ANTINANATDU ATNAITNAIDT

2.8 NBMATRREI09

NSANYIYBY Venkitanarayanan uazame (1999) IdAnymavosihednng lasdons
&1 gﬂ 1‘%’6 Escherichia coli015T:H7, Salmonella enferitidis WQY Listeria monocytogenes WUIIMS
Whihadninsladun s wilmmnduduselsnld 3 sfiaunsduitunandy 10 uifles
mmﬁﬂgvgﬂ"lﬁ’ﬂthﬂﬂuuﬁﬂf (Venkitanarayanan et af,,1999)

Guentzel JL uazaniz (2017) Aimsnaasdldiiadnns ladiesiiselsanawsiia
(%Y Escherichia coli, Salmonella, Staphylococcus aureus wu:hﬁﬁsﬁ' VAN ﬂfuﬁq NNAD ?}§J:
T4 20-120 ppm ualissoznanduda 10 m‘ﬁm'1ﬁ'uﬁﬁ1°lﬁa§aimnnmﬁﬂ"lﬁ’ﬂm (Guentzel
et al,2017)

FaTad sunied uae Wad Fawed 2563) IdmsAnEImans I naasaaTai e

1 J 3 o _ ot r
wuafiSeluhin il vhdugns vhiuTaun sazvhsuladle densamdenndnduaian
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weh lasumsdunediousunsuiladad 7 agu 1Aud Acid, Alcohol, Aldehyde, lodophor,

H
- I

v
Chlorine, Oxidant (8¢ QUAT WU Aldehyde aansoaasuamaonuaiiGe ldumniduddun
4 1 1 i oo o w Ao o = as s
Nl 1ag Quat InundouunRGananaufiy 75.57 - 29, 78% (Asa3ad Junias uaz wad Hn
o
Wafl, 2563)

=4 qd
Ogilvie B.H. ayane (2021) 1@An11#ave9815 Benzalkonium Chloride s Iums

¥ W kY
L |

@ R =1 ar =4 = d‘l @ r = Y e
fugude |¥a SARS-Cov-2 (Covid 19) uaze I Fa-uuaiFedueq ldediilszansnm Ty
=1 = o =) S v Y a = =1 9 1 a
vmsavanie luda’ld Sanweeuloudefimiia uaziinnuscmefeaienniueansoad
A = : i o & =, o 4 o
dgiolshulSinaimmnzauTasduiluouiTeanlsd mulsdianniuerzeiniegesi3uoans

o e ar d? e A Y w 1 =5 d? e = gt RN
#ORa @130 IFAIaFBLUANEY (Fe s @199 saudade liia Inladledadadaninwa

Ao lidusunsodeimiisuesuyud (Ogilvie er a1, 2021)
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- | =y e =y QF
ITIVBUIBNTIDN

3.1 MIVONUVUMS Y

af
yd

=oar ar 3 - onr ar P o =4 =T N TN
msensallumsRedsuanmyianmeasdluaivigeanine Taslssudoudd 9o
A Y ad P . . 1
nanouneFoufisumsldiaiin Tnyladues benzalkonium chloride Tuudveagthiuums
£ v ow ] @ ¥ £ 1 A’ = = o 1 ar '
Maznanduda ez gns lumssinsegaunsdne lsanwmsunnduananiuedisls

3.2 (A%esilaunzainsel

32.1 1naqila
1} Vortex Mixer (VTX-3000L) Laboratory&Medical, Japan
2) Centrifuge Rotofix 23A Hettich, Germany
3) tﬂ%‘ﬂd%@‘l 2 AN Satorius, Gernamy
4) 1n309%1 4 Aumrl Satorius GMBH GOTTINGEN, Gernamy
5) 175098 Ishiar HitzStir Insta  bioAnaltik, Singapore

6) Specirophotometer Genesys 30 Cole-Parmer, USA

7) Autoclave HIRAYAMA, Japan
8) Hot air oven Memmert, Germany
9) Biological Safety Cabinet BIOBASE, China
10} Rotary evaporator Heidolph, Germany

11} DEN-1B McFarland densitometer Biosan, Latvia

12} Microplate reader Biotek: Synergy HT

13) Autopipette Scilogex, USA

14) Multichannel pipette Biohit, Finland

15) pH meter Accumet, Germany

16) Refrigerator 4°C SANDEN INTER COOQL, Thailand
17) Infinite F50 Absorbance TECAN, Switzerland

microplate reader



18) Cold storage

3.2.2 gilnsal

3.2.3 MnN

1) Centrifuge tube Y1119 15 mL
2) Cenirifuge tube YUIA 50 mL
3) Erlenmeyer flask

4) Cylinders

5) Beakers

6} Volumetric flask 4dIa 1000 ml.+

7) Pipette tips, 1,000 pL. , 200 uL
8) Reservoir

9) 96-well cell culture plate

10} Petri Dish

11) Swab

12} Beaker

13) Volumetric flask

14) Funnel

15) Whatman No.1

16) Whatman No.4

17} Screw cap tube

18) Needle

19) Eppendrof tube

20) Cuvette Semi-Micro 1.5 mL
21) Inoculating loop

22) Spreader glass

1} Methanol
2) Ethanol
3) Phenol

20

(Forma'™ 900 Series -86°C Upright
Ultral-Low Temperature Freezers)

Therme Fisher Scientific / USA

SIGMA-ALDRICH, France
SIGMA-ALDRICH, France
PYREX'/ USA

PYREX®/ USA

PYREX®/ USA

PYREX®/ USA

Gilson,Jnc./ USA

TARSONS, India

SPL LIFE SCIENCES, Korea
Greiner bio-one, Thailand

Thai Gauze Co., Ltd., Thailand
PYREX®/ USA

PYREX®/ USA

PYREX®/ USA

GE healthcare / China

GE healtheare / China

United Science Co.,Ltd/Thailand
United Science Co.,Ltd/Thailand
Gilson,Inc. / USA

Labmaster Advance / Thailand
United Science Co.,Ltd/Thailand

United Science Co.,Ltd/Thailand

APEX ALCQ, Thailand
APEX ALCO, Thailand
SIGMA ALDRICH



4) NaCl

5) NaOH

6) Na2HPO4.2H20

7} NaH2PO4.2H20

8} D-MEM (1X)

9) Trypsin-EDTA

10) Phosphate buffer saline

11) Antibiotic ~antimycotic

12) MEM non-essential amino acid
13) L-glutamin
14) Crystal violet

15) MTT (3-[4,5 —dimethylthiazo

21

Ajax Finechem Pty Ltd

Ajax Finechem Pty Ltd
Ajex/Australia

Ajex/Australia

Thermo fisher

Thermo fisher

Thermeo fisher

Thermo fisher

Thermo fisher

Thermo fisher

Sigma-Aldrich, Co. LCC /USA
Sigma-Aldrich, Co. LCC /USA

1-2-y1]-2,5 -diphenyltetrazolium bromide

3.2.4 eWisiAuYe uazeIIINATOUT N
1) Tryptic soy broth
2) Tryptic soy agar
3) Potato dextrose agar(PDA)
4) MacConkey agar

5) Muiller Hinton agar

3.3 35msnaasy

Hi-Media

Hi-Media

Hi-Media

BBL"™ /France

Becton, Dickinson and Company /

France

3.3.1 M3M3aNT13 Benzalkonium chloride tay 31dnins lad

N51A38113 Benzalkonium chloride

@15 0.05% (V/V) Benzalkonium chloride IATUANNBYATIZHAUNININNBUNTY

-

4 = & o 3 . .
AT UM1INYIRIIITE ‘ﬂﬂ?ﬁﬁElﬂﬁlﬂ%ﬂﬂﬁﬁﬁzﬁﬁﬁ)‘lﬂﬁﬁ Benzalkonium chioride 11?@‘

=4 1 ar ° o . . 4
ANuETUEUAIINY 0.1% naziwndeaadlu 0.05% (V/V) Benzalkonium chloride 114451

& . Y A M = =y A v
AU sterile Llﬁgcl‘ﬁ“uﬂﬂ3ﬂ!.f“_]ﬂluﬂ1°]fuzﬂﬂﬁuﬂ“qmﬁﬂuHBQEuBWQQﬂqjﬂﬂﬁan
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mawszaEninglas
Tasmsazaiende lndouaae’lsd 1 nfulurhngu pH 7.0 450103 1 897 (0.1% wiv
NaCl) WidwamiaidnIns lad Taosunsza Wi s widt TumsAnuniiizend whidnTns
Tad Tavliudiviomulummetaaiinfigangives
332 nsnameugamaiamaniiveaiddninglafudiana q
¥msiam pH uazauauianiuail Tasnsdadse@nimuwmsifseonad3dndu
(oxidation reduction potential;ORP) ?gl”.lﬂl.ﬂdﬁim Suntex TS-100 Suntex Company, USA) 13
9710 IAUTNUAATIUDA T2 (available chlorine concentration: ACC) LAZNATDUANUAIAIVO
AnauiAmaad pH ez ORP veuhoend ladaauadudl 1 51 Suft 7 wdaniswaa uazshms
nadoy 3 aswvuiudaszaotu emdundy r_cuﬂﬂﬁ]mf’:l’f]@fﬂﬂmﬁim“ﬁﬁ'ﬂﬂﬁlTJ‘lJE]\"lﬁTS
muguraavAengy uazmssindeasg i Tudenlalaaslsd NaoCh 1in1Flums
Wiewougaaiannhsdnins lod
3.3.3 n1‘5nmammauﬁ'ﬁﬂNqﬁﬁmwaaiiﬁsﬁniﬂﬁ"laﬁzﬁaqﬁuﬂ?émﬁu N3
nAdI
3331  aguuuniiSureliamemanmndiiiumenagey 10 meig
waniua 1§ clinical Isola Y3z noudie
1} Pseudomonas aeruginosa
2) Acinetobacter baumannii
3) Staphylococcus aureus
4) Bacillus subtilis
5) Listeria Monocytogenes
6) Edwardsiella tavda
7) Aeromonas hydrophila
8) Saimonella Tvphi
9) Klebsiella pneumonia
10) Shigella flexneri
3332 Badnelsamemamnd@ilunisnagon
1) Candida albicans (1 isolate 1§lu clinical isolate)}

2) Cryptococcus neoformans (1 isolate (Hu clinical isolate)
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& L]
3.3.4 M3AINBUDE cell suspension NIFIUNINATDY

=4 e

] j‘ y 2 1 dg .

durenuafiFed 15 lunmsnaaounyiing culture VUOIMI5A8UY8 Tryptic soy agar;

<
9

L, ' o o d a
Tsavniui lddufigungd 37° ciilunat 24 $1Tus nadsunisigyluemisuay

ey ] a A oA = j‘ =) = o A‘ oS ar 3
ANTNUATUAWDHUIUFUAVDIUFEIAUNTIRTIVANATTIUN TIWISIFOUAL IUINVIFONT

%

=} ﬁ’ = - g A 3 3: o 3 =
mwmmaqaummwﬂﬂﬂ pure culture 1INUUUT isolated colony vauyon1Flunmsnageun

suspend 11 0.85% NaCl 3@ absorbance 112"151’ 0.5 McFarland Standard (ﬂ%ij mu%m]szmm 1.5
x 10° colony forming units per milliliter (CFU / m1)) (McFARLAND, 1907) T4 fﬂf]ﬂﬁ"l GIAR
#01/31183 100 ul FIATIBBVIUVY 10 fold serial dilution 114 dilution 1:10,000 (Fanaude
sz 1.5 x 10° CFU/ml) Ty 0.85% NaCl

Widadne lsamensunndR 1S umsmaao U 18un Candida albicans, Cryptococcus
neoformans 11N15 culture UUBIMITA IR potato dextrose agar; PDA vimfusi T

= o) & J v ! =
guivgil 37° C1ilunan 24 59 Tu9 sndudie Cryptococcus neoformans UunguYivies (25° C)

9 o

3

e 48 $2Tuq 11 IR1E pure culture 91M U1 isolated colony YoudfeR 14 umMInase
47 suspend 11 0.85% NaCl 39 absorbance ﬁl‘ﬁ”lﬁ 0.5 McFarland Standard (ﬂ?mmﬁ?a Usguna
1.5 x 106 colony forming units per milliliter (CFU / ml}) (Arevalo, 2003) ﬁlﬁlﬂ@]ﬁ]ﬂﬁ' Tl@tiN!“f: Gl
US11A5 100 ul K10I5130919UY 10 fold serial ditution 1914 dilution 1:1,000 USuaui¥e
Ussane 1.5x10° CFU/mD) 11 sterile 0.85% NaCliia1sazaeideqaunidlyidluns
naaeuquautAnisstoveniieandladias Benzalkonium chloride (31U 0.05 %)
FaozihnsnageuAgRuMSAILANHAYINIAZ AL

¥ 1 4 5 ¢
335 msnamevgnilumsaiuregiunidvenididninslagn uaz  benzalkonivm

chloride

o3 a

=] I'd ar
Wnhdianing lad uay benzalkonium chloride (ANMANTYU 0.05 %) 5 mL WaNAY
A = o ¢ o a A it Pl = = = o o
WOPAUNTE 5 mL NATDLNLIA 30 TN 1117 3 U 5 W9 10 IR Az 15 1 i au
A o =
densunat himsHasiaas 100 ul 11 spread plate UUHME181M115 TSA/PDA Lag 14 0.85%
ar 3’ I=1 r A?ll i - o
NaCl HEunUI¥eLas 0.6% sodium hypochlorite aﬂu“yﬂmmu ﬂu!ﬂiﬂﬁqmﬁgn 37° C fhanm
& o 1 A ' i
24 ¥ 118 dwmTuuuniide uay Condida albicans uaoniwyo Cryptocaceus neoformans Uuh

augiiffos 25° ©) iHunan 48 $2 T

1
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nsulana
ot =y s.?l’ 2 aa .ﬁ’ ol oo o9 yed .
FUNANFIOI YOI TN N TUVTNNUTONTDATINA 87T spread plate technique
o 3 - = o oy v . )
UIBNFITAUNTIIBATIA TUNIY log colony forming unit/mL (log CFU/mL) tazi/Sainiien
or - ar 3 A et 3w &
nuYAAILAN HazaTasumIasmlasdnvusvesvenuaiFonwldndesganssmin
MAWIY 1000 11
3.3.6 M590 Intracellular protein leaking a8 35 dye-binding (Bradford)
o ¥ a Id . . w
iniddnIns'lad waz benzalkonium chloride (ATMITUTY 0.05 %) 5 mL WaUAL
4 . 2 v &
Foeauvisd 5 mL WSinaudedszana 1.5 x 10° CFU / ml dwuuuafienasSuandoe
sz 1.5x 107 CFU / ml dwsudad) nageuiivaat 30 5uifl 1 wnd 3 wiid 5 1 10 wit
[ @ @l ﬂi’ . + o
uaz 15 Wi mud1Ay waz1d 0.85% NaCl maudinFouay 0.6% sodium bypochlorite Hhiya
A o oo ] o e oy ey
Mugy  deasuna  Jallsiuiigniaadaseeeninainsangiunsefuanaaennms
a ' AJ ) 2 a T f . & o a .
Wangveasainre vn133a TsaudananaieiT dye-binding (Bradford) #aveinaninesin
S Ty, 1 s @ ﬂ; A
URATI15ENDS coomassie dye 71 T11)5Au Famsganduuasfiainuernay 595 nm.
aisutlawna
o_ 1 d as . , R
a1 oD # lanwlsufouiuns g g1uTasAu bovine serum albumin (BSA) (D
e Ny TUsdu
; A o - \
VINNINATOUR 3.3.5, 3.3.6 1o lanadfigalumssiienuaiFoudy szrhmants
3 @
nareuy lluFsudeuilseaniawludunsuda lal
3.3.7 msSeuneudseanamiveunddninslad uaz benzalkonium chloride
¥ g =Y [}
MIHNFOTUANS 9
o & o 3 v
Unieqduvinagey Sumdelszane 1.5 x 10° CFU / ml dwiununiiFouaz
g f.v 1 - =1
WSanaudedseana 1.5 x 10° CFU/ml dmsudad) U31105 100 ul venasunusunataanids
- & & o : :
VIR Sx 5 em AMUMIAYend a3 liudnlsema 1 $aTue snnnh ldnegeuive
=4 -=f r &l ar r é‘ =Y ] LA | %’ 1 as oy al 1
nfFeufeugns lumsaurenuazazaivaindeyiiad i q lTaun Wikaua Uiy Gasidiu
4 1 g @s
0.05%) WA (8051091 2.5 g/L) uazhmaunaesy (Aududu 0.02%) tioufisudy
Y ag . .
W1BanInslad uay benzalkonium chloride (ANMdNAY 0.05 %) Taviyaningu Ao myld
- . L J Q 1 g
#1380 0.85% NaCl A 0.6% sodium hypochlorite HEFNNUITDURUAITNATDY UIF TN WY
=Y 1 T = o TR = RV 3 9
FUAAN 9 UTNIMT 100 ul veaasvuuruwaInanudlngldhaandaitentasnds 3.3.5,
] o ' = ' . o 1
3.3.6 onsural Huruwaaanide Jaaaly sterile 0.85% NaCl 151045 1 ml ¥nseen st

J Q =
FONTTUAIY vortex mixer 1 WIH WA THANUTNINT 100 ul 17 spread plaie VUAMTONTS
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r
= =

| & o v
TSA/PDA tin¥enguwgd 37° ¢ iluna 24 %2 T dwsuunaiiizo uay Candida albicans U
1 = = of| &
eniduio Crypracoccus neoformans tinfgungiives 25 € fhuaan 48 F1Tug
msulana
s =y s!'i‘ 3t “ a A} a‘ E - Sy )
AU sy uFaA M INUTIIUTONTORFINAIUIS spread plate technique
-] ég!.} =y - 1 .
fuaioyaun3g50a%In luniae log colony forming unit/mL (log CFU/mL)
3.3.8 nsuBuudvudszanSsmvesinadnindladuas  benzalkonium chloride
X
@nandindu 0.05 %) lumsslurafromaiiamsiudaguuudis o
o &I = o 3’ W o
Wireqaunsdnaaey (Winadetssum 1.5 x 10° CFU / ml §wfunuadiFmiay
ng a T = =1
UFanaudelszanas 1.5 x 10° CFU/ ml Smisudad) 32105 100 ul veaasuuusuwa1adnuds
. & 2 2 o,
uazig 5x 5 em Hrunisaludouds Helilduialszana 1 92T nmbniluneweu
& = ¥ ad . L] ﬁ;
weanfFeufeudszantmwueaidan nslas wie benzalkonium chloride lupisaindoae
= [ LTI [ ar ¢ A 3
wadagtiuudig q Tdun wuusaismdu waziumalsd yaniuau fo myldasazan 0.85%
NaCl 1a¥ 0.6% sodium hypochlorite LNUFIITNOADU
1 g v = o o B = . .
s 1118 Jasusurunara@nudaluiinidnIns laqw3o benzalkonium chloride
@ty 0.05 %) 15 mL naaeu lnslddanafidaaen lannde 7.5 dieasunat i
= o 1 i ) 3 ' &
waraanuds Taaaluly sterile 0.85% NaCl 150195 1ml Y150 K ITenT 918878 vortex
. =l
mixer | W1
° 1 = s 3 ad .
warvanlsdi ld Taganlsdudunaadnuisdininiddn ns ladvse benzalkonium
. i, ' o s &
chloride (AN 0.05 %) 10 FTUTT (15 mL ) MUILHERMEANUINT UL I UUMTUY
y ' o o 4 EY = = = = - o a A
uita Aasuwara@neda a1 30 3@ 1w 5 uif 10 Wi ez 15 W awaay Wea sy
& ] = o ¥ 3 o 1 A?i’
na WwHuwaradnuds Taaaluiu sterile 0.85% NaCl 451195 1ml iimsienliyenszae
b | =
A8 vortex mixer 11U
mswauit ldnauaaznsnageudSuins 100 ul U1 spread plate VLAIMNTNIIMIS
¥ oy o A4 Y =
TSAPDA sugamvgulfhndunayiuidouny EW dndeigungi 37° ¢ funan 24
K;J a al 1 g 1 H
1T dwmivuueiide uaz Candida albicans usen3u¥e Cryptococcus neoformans 1figo
- o &
alivied (25° €) Wlunan 48 $2Tue
mamlana
- e!‘!, F O] f-g dl EETE =l [l
AUNAM I YUBAFBAWNIUUNUNNFONTOATIANITT spread plate technique

o &J =y G} =l r
mmmL‘mgaumﬁﬁaﬂ%msluﬁmﬂ log colony forming unit/mL (log CFU/mL)
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= o ¥ 3 Pa
3.3.9 manameuanuiuivsevan (Cytotoxicity Assay) AlailHisaduziIavenin
o d . . =3y
1@ninsla 1ag benzalkonium chloride 2838 MTT assay
3 = A1 L4 . of| = L )
adnldnagenlumsIsensaiifie 1ad OMUF cell line Shusadaniimisriia
{ i =) i 1
fibroblast YaayBdinz@s lueMIsHsUsadYila DMEM AlldMAnuvet 2 mM Glutamine
+ 10% heat inactivated fetal bovine serum (FBS) I8¢ gentamycin 50 pg/ml Taswssuyad S
2 t
5 x 10° cell/ml (80974 96-well culture plate luewinsigunadl 37 °c mfuoulneen ludiovas
= A o o ow o &
5 uazlianududuinsevas e 24 ¥l
- . g; 1
wivniheanInglad 43 0.05 % v/ benzalkonium chloride IO MISEEUTART
U519 TI (DMEM + elfFug 1%) Swau 7 avududuldun 0.1, 1, 10, 25, 50,75, 100
o =
pg/ml Smfnididnnslad uaz 0.00078, 0.001570.003125, 0.00625, 0.0125, 0.025, 0.05%
ar ] = 1 é ar
viv %31 benzalkonium chloride nazihunAnaslunqunaan OMUF cell line %19z 145 uans
nagoiazauduTuTings 100 lulnsdasdonguiesnguaiuguiio OMUF cell line #
4 s 3 gr o 5 . o a
(@89l DMEM + 10% heat inactivated FBS 9101iu1ih 1iiBeatu incubator fhunat 24 42 Tug
A o) = 1 =
Weasunat nNuuivvesa T nago Ao OMUF cell line Inafinasnzale MTT (3-[4,5
-dimethyléhiazol-2-y1}-2,5 -diphenyttetrazolium bromide) AMMANVY 5§ mg/ml USwas 10
= o ] o ) y A d
TuTasBes dlddnlu mcubator hinat 3 2T ludile Wensunaumemsifimsazats
- - r A E 1
MTT spnuaziiy DMSO Usuas 100 luTasAnsdevaumio1Fazarenan formazan Fainalef
' o = o 4
oglugumsazaodnihldweuduom 10 i Jammsganduueadionies microplate
o A a1 A o ¥ a - T, =
reader fin2M01IAAY 540 W Tuwas thamsgandunasiianu ldudnoaeSGudamsd

=) o
FIATOAVDIHRD

(0D sample)x100
0D negative control

(% cell viability) =

100~-(0Dsample)x100
0D negative control

(% Cytotoxicity) =

] ==!' -1 Lr ] 3‘,
MNINATOURHLDUNUDN 3 AT
b =, d g/ oy 2y
3.4 MmInuTarsyasazmIdnTzideyamaadd
o ’J g; g; =1 vy
NSNAADUNIMINANELILNIFY 3 ATY NINMIAVSIUTIWHANSAREIAMANTRNG
¥y ag I . . L]
wNven18@n Inslad 1ag benzalkonium chloride (ANMAUTY 0.05 %) (U PH, ORP, Lax

@ A e S H4
Acc nausluzduunvues mean + SD o vudfound@Banssann saunanansnagoy
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Sumdsynnsvenaunidisoniiannizuznman  weriimsimmadeniuaisai
Weitaule smmimmaaes 3 éwuuuﬁﬁszm'ﬂf‘i’uﬁmwﬁm’;muazsmmma“lugﬂgmwm
log CFUML ¥t euidiouannde Taoldada independent student t-test (2-tailed) SANLA
sefunfudifyissiununieiu Yevaz o5 (P<0.05) TaoldTilsunsuSinsivrimanda spss

for Windows V.22.0



unh 4

Hanrinaaad

sy =4 “o’ -1 g 9 =Y d ]
4.1 saminaeuauauiamaniivenidildnlnsladadisminimeiluuedis q
?,' = 1 roo ] eem
wsianInsladin pH MRy 8.62+0.02 paasnaautAily alkaline electrolyte
1 1 A o i P ]
water uifogn et euifioudy 0.6% Sodium hypochlorite AT UA 1IN (OH
1 ¥ & = o
12.18+0.05) AU nANNAMUTUNAN (pH 7.2040.05)
A o ] 1 g =ow e ' a |
iodan1 ORP W11 118180 Ins ladilifn1 ORP tM1H1 114.3341.53 mV 15 uag
=1 H g 0!! 1 1 7
pond ladilunaly Tuvaiz® 0.6% Sodium hypochlorite waz WINgu HA1 ORP 1N IR
a e 8 fa = " ?.’ = oo
309.67+1.15 18 ¢ 125.67+0.58 mV @aWaal Maziiadamaaesudasenuiniomen ns lags
L 1 @ é 'o 1 . . H L 1 ar
A1 ACC 1N1AY 0.58+0.00 ppm & 461131 ACC ¥94 0,6% Sodium hypochlorite 1A 1M 171
4 N ] o v o i
587.00£0.04 ppm dinau inunagindaszazateey Aedoyauaaslumsai 4.1
A =3 @ %’ = om o oo =gl ey =, a
WamsuaNuniIvesthdidn ns laafinuigauaiiveslumsuzdaaiin Tasi
g 1 é a = Y] = v al ! =]
M539A1 pH uay ORP eiatiied 7 3 ufFouieunuiuisnuesmseda wua pH Tuduh 3 5
af = = 9 1 ey 1 1 = g a al 1 o =
auldiinisanaudndesud lifinnuuandrsedralitodidadua pH Sunsnuoanisnie
i 1 1 d'l W i . J ?,’ =
Tuvaghe) ORP anategaoiiesluiui 3 dudu'lyl Teoagd wuh pH vewihddnins lad

=] { 1 ¥ oas e o 1
fimslasuudaclug 8.6240.02 B9 8.4120.01 uadimsnumnidvesnnudiuaised naza

n,

-

dl 1 dﬁ ] 1 o [z
ORP (aouutdaslusie +113.67+1.15 89 +86.67+1.53 W15 19 10A 190U 52 ANTA1IN

u5159u (% CV) Fway 0.01032 uag 0.11369 Muday aauassluaised 4.2



4 wa 5 a 3
M3t 4.1 guaniamaeiivenididnInglad lsdenlaTnan lsduaziingu
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FaInAgay pH ORP (mv) ACC (ppm)
adnTnslad 8.62+0.02 114.33%1.53 0.58+0.00
Sodium hypochlorite 12.18+0.05 309.67x1.15 587.0040.04
hndu 7.2040.05 125.6740,58 0.00+0.00

M @ ey %’ oo afr t
a3 4.2 MInageunuAIvesRuTNTAMUnll pH uaz ORPraNIBEN Tns Tadwaud

Suh 189 7 vasmswda

Day pH ORP (mv)

1 8.62+0.02 113.67+1.15

2 8.6340.01 112.00+1.00

3 8.53+0.02 94.00+1.00

4 8.48+0.01 91.67+1.15

5 8.46+0.02 90.67+0.58

6 8.4240.01 89.00£1,00

7 8.41+0.01 . 86.67+1.53
Mean + SD 8.51+0.09 . 96.71+ 11.00

%CV 0.01032 0.11369
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H d
4.2 MINATRUAMANTANMI0T 1IN 1v091181nIN5 TaAazs benzalkonium chloride
d g :!
4.2.1 namsnageugnslumsdhivegdunidvesindidninglad uay benzalkonium

chloride

¥ &g

4 g R . iy
mammmaﬂim"laﬁ uag 0.05% benzalkonium chloride Mnagouuauua
= om ar 3': = r:g - = o o o o e ar '
iszanimmlunsfudimaeiyveuiegduridie IsadAgmeamsunndifieusuatsaii
FoIIATIIN TaenInauiLasasaoiFeyaunIdnaaeuly 0.85% NaCt a1 30 Tt 1
w1W 3 W s w10 11§ way 15 uIf AWEIRD eATUNAT ATTHENL spread plate U1
= b ¥ mel . L a ag P ey 0 .&’ - =1
HIMUBIM139675 spread plate technique 1AUWTLTIIMEDNTEAT IR fuIauFoAunSd
79A%I01aE 318971 Tun 19 log colony forming unit/mL (log CFU/mL) Wisnsuiuye
o J u -
ALY D W1582219 0.85% NaCl HANANUIEDNATO U (Microbial growth control) Ha% 6.6%
‘ . ) Ca 2
sodium hypochlorite (Posifive control) #HaNITNAT LWL USinaveudounaiSenadgey
‘ 19y g
(Bacterial Growth control) ag&luma log 2.56+0.13 —log 3.74:0.05 UaZi¥071MAaOU (Fungal
1 L] -4 ooy
Growth control) NATDUOHIUTI log 2.46+0.34 - log 2.80+0.03 115180 Tns lagitlse niam
] &J - =G 3 ¥ = =t s_?l’ LI -ﬁ' w
TumssiugeyduridnameuldnwuaiiFonazien Tasnuhsunudenageu s AU
1 ar @r 5}1 ' =1 ar s ] g
anadetninfaddsy dwanal 30 Juriusnveesmsdudaans uazamaaon lananaunniely
1281 30 W 0-1 w1l Tuusisdl 0.05% benzalkonium chloride U5z AnE a1 nlunis 4l
AY =) 4 P ¥ A = .Q’ Bl 1 =] a ) aﬁ'
wagaunithnageunuuanSouaziFe lafinu@eidu TaewuTsmnsonagoy 8
y 1 = 3 ar o 1
meiufanasediiifedidy atudna 30 Jnfusnvesmsduiaas uazsimanould
% S A RE ,
Awmuamelune 3-5 wif luvazfiansaiudonnsgu 0.6% Sodium hypochlorite #101509
.&’ = = o 4 ] d‘l’ g ¥ = =1 A ar
wogaunsinaaeuninuanEsuandoe s tananuanieluial 30 Jud - 1w saaasly

Q15199 4.3-4.5
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4.3 M3590 Intracellular protein leaking PLRL] dye-binding (Bradford)
ar . . o w 1 14 P e
1599 Intracellular protein leaking iflumsina1 lasAuiiseonunnmeluwadydunid
4 g = e e s & oaod o
Waisadvesgduniguanaals MinsnaaeuTasnisiinhdidning laduaz @17 0.05 %
. . o & =) < = = =t
benzalkonium chloride HANAVATAZABTOYAUTINAADL 1Y 0.85% NaCl Htaa1 30 IR 1 wifd
= ~ - ot o w A o - oadow
3 W 5 wIA 10 W uag 15 WA ey Weasva winasam 1Usduhiilvasenuinn
ol B ey . . =4 G/ =]
AR NUANAABAIETD dye-binding (Bradford) 1/FoUsUNUYAAILAN Aiv A17a2819 0.85% NaCl
qQ/ 3 . . . . ‘e !
HEUANFINAADU (Microbial growth control) U@ 0.6% sodium hypochlorite (Positive control) Wi
o o ¥ ad o o .&' =y e r - dr =
waandnhdian Ing laddudmieqaunidisveznaman 9 sinmsi lvavoeTusdunnaely
o cg‘ = = o :3\‘; 1 - =y = 3 e o o oo J
FAAVOUFOYAUNS INATBUAIAIATA 30 IuTuaznUINIUIUWIAR 1 nasmsduimiouay
L ] J 5 o o - e = -
anududuvesTusdunsudrenadlunardan 1UA 3 wid 5 wid waz 10 1A Fawanisnageu
o/ ﬂg H { 4 3 -] . N
aeandesnulTinareianaslunamsnaaed 4.2 Tuvazfidion 0.05 % benzalkonium chloride
o oo :ﬁ' - o e 1 = & = & g = =
dudmFegaunTiNyzeznadn 9 aximsd lvavedldstiuanneluradvouioqiunio
g‘l 1 H = = 4 3 s ol & ‘é]
NATBUANIAIATN 30 TnAuazuuInATu U if 1 uag 3 naspsduimdeuazanududues
r ol s :; = : o J
TsAuneudranadnluradas 10 5wl uaz 10 WA FewamsnagoudoandesnuilSuiade

nanasluwamsnaaoddl 4.2 Wiy uaeanalugili 4.1-4.3
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w

4.4 wanmsaBsuieudssanE e sididninglad uag benzalkonium chloride 1y
Msiuveriing 4
: o 3 ad o . . Ly
WornidanIng'lad uas 0.05 % benzalkonium chloride WINAHDUAUANLA 11N
Y] 5’5 =) g = - A g o =1 @ ] .?f - o
dudansnigvesFerdunidne lsaRddgynunsuwndnSsudeuiumsandehition 14y
w A & q & o 4 o & '
afusounalyl Tasmsthasaza¥sgauniinadonlu 0.85% NaCl vieaastunNWR I
- - & 4 . A :
warranlandsiaaimde selfiFeudeuaziiiansausegluuuais quineauusoe
A a as w A owowe - o a A a 1 = '
Fogdunidura i Hnan 3 naz s infiaaddy iWensunal ukuwana@nlaaslu 0.85%
1 A} g -] =
NaCl e 1¥13evgadae vortex mixer 919UUNEITHEUNA spread plate WUAM 181578
e . o 1 w8 d‘!J c:; =Ly 3 3 = =4 oo
7% spread plate technique 11 luntazviufunuFeisendia drausadunidseaiinuas
519974 1uM 128 log colony forming tnit/mL (log CFU/mL) 15 s ufiouduganiuqu Ao
o & L .
A58 819 0.85% NaClHunNUiTonad ol (Microbial growth control) 182 0.6% sodium
. - 1 = 3 = e .
hypochlorite (Positive control) HANITAATIUNL N USuiavesrauuanissnanol (Bacterial
1 1 ﬁ
Growth control) 8¢ 11579 log 5.41£0.31- log 6.13+0.02 1A l70351MADY (Fungal Growth
1 i %’ P ] |
control) AU BY 11T log 2.78+0.05~ log 3.05£0.01 WrBiAn Tnslad Hhaaurifei
A o e dal A P & o 1 & o
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80.27 + 1.26 ug/100 uL ﬁ’auam"lugﬂﬁ 4.4

9819158873 W19 benzalkonium chloride ATEFUAIMITUTU 0.0078-0.05 % v/v FA1MW
dhefindoirad OMUF fibroblastlutFuaiige Taviian IC50£SD Wi 0.00081 +0.00013 % viv

aauaradlugilii 4.4-4.5
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3. 16380 Triton x 1%
o
Triton x 1 g Tudafsuas 99 ml

4. 1930u Tryptic Soy Broth

- Ingredients Gms / Litre
- Tryptic soy agar(TSA) 30 g
- DW 1000 ml.
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5. 11583 Tryptic soy agar (TSA)
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- Tryptic soy agar(TSA) 40 g
- DW 1000 ml.
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e o d T -
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¥
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Abstract

Electrolyzed water is one of the promising novel disinfectant agents that have recently been
proposed as the alternative to conventional decontamination methods such as heat and chemical
sanitizers. The objective of this research was to examine various properties of electrolyzed water
to ensure safety and to further proper hygiene practical guideline. The tests are performed by
evaluated the properties of chemical, microbiological and cytotoxicity to OMUF fibroblasts.
Moreover, the efficacy of sterilization techniques (soaking and spraying) of this disinfectants was
compared as well. The results showed that electrolyte has an alkaline properties and shelf life was
stable over 7 days. Electrolyzed water has an ability to kill all types of microbes include bacteria
and fungi after contact within 1-3 minutes. Toxicity test of electrolyzed water showed that it is low
toxicity level. Moreover, immersion technique up to 3-5 minutes onwards was revealed the most
effective than spray techmque for surface and/or objects disinfectant. In summary, electrolyte
water is effective in disinfecting surfaces of objects and fabrics and safe for cleaning surfaces,
clothing and other equipment. This research contributes to increasing conftdence in safety and as

a guideline to carry out for the better and suitable hygiene in the future.



Keywords: disinfectant, electrolyzed water, anti-microbial, cytotoxicity, chemical physical
property
Introduction

There is currently an outbreak of respiratory disease named “Coronavirus Disease 2019”
(COVID-19). As a result of the COVID-19 outbreak, many recommended procedures to reduce
fransmission in respiratory diseases were introduced such as frequent handwashing, barrier
measures, cleaning the surfaces of objects and the body with disinfectants. However, standard
chemical disinfectants are irritating to the skin and unsafe to use. Therefore, finding other types of
disinfectants to replace the old ones is urgently needed.

Electrolyte water is solution produced from water and salt by using principle of
electrolyzed ionization to produce hypochlorous substances that are more effective than
hypochlorite ions (OCI") which obtained by dissociation from sodium hypochlorite and calcium
hypochlorite (Ca(OC);) (Grech & Rijkenberg, 1992; Kim et al., 2000). Nowadays, it is easy to
produce electrolyte water. Its disinfectant properties were non-toxic, stable, cost-effective,
inexpensive and safe for users (Huang ef al., 2006).

The objective of this research was to ex@ine the chemical properties, and stability of
electrolyzed water. Then, bactericidal ability, cytotoxicity, optimal disinfection technique
(immersion and spray) on difference surface object of this disinfectants was determined to ensure
safety and to further proper hygiene practical guideline under simulated appropriate in vitro
laboratory.

Materials and methods

Experimental design, microorganisms and chemicals



This was in vitro where 10 pathogenic bacteria and 2 pathogenic yeast were employed in
testing efficiency the selected cloth mask and surgical masks. Test bacterial pathogen used in this
experiment was kindly received from the faculty of Medical technology, Rangsit University.
Briefly, the tested microbial strains were re-cultured on agar medium (TSA/PDA.), then incubated
at 37°C for 24 hours for bacteria and Candida albicans, and room temp., 48 hours for Crypfococcus
neoformans to obtain log phase. Each pure isolated colony was suspended in sterile 0.85% NaCl,
absorbance was measured and adjusted to 0.5 McFarland Standard (~1.5 x 10% colony forming
units per mlliliter (CFU/ml)) (McFarland, 1907). 3-(4,5-dimethylthiazol-2-yl) -5-
diphenyltetrazolium bromide (MTT), fetal bovine serum (I:“BS), phosphate buffered saline (PBS),
Pulbecco’s modified Eagle’s medium (DMEM), and trypsin were obtained from GIBCO BRL,
Paisley, UK and Thermo Scientific HyClone respectively. All other basic reagents were of
analytical grade.

Preparation of electrolyte water

One gram of sodium chloride was dissolving in 1 liter of distilled water (pH 7.0; 0.1%
w/v), it was imported to produce electrolyte water. through the electrical current for 5 minutes in
this study is called "Electrolyte water "Use immediately or store in a sealed container at room
temperature.

Chemistry property of electrolyte water

pH and chemical properties were measured by oxidation reduction potential {ORP) with
the Suntex TS-100 Suntex Company, USA). concentration: ACC). The chemical stability, pH and
ORP of the oxidized water were also tested from day 1 to day 7 after production, and 3 independent

tests were performed. to find the mean It also measures such properties of the negative control



agent, distilled water. and sodium hypochlorite (NaOCI) standard disinfectant for use in comparing
properties with eléctrolyte water.
Microbiological property of electrolyte water
Determination of bactericidal activity after direct exposure to electrolyte water

The bactericidal activity by electrolyte water was performed by 5 mL of tested pathogenic
microbial suspension (~ 1.5 x 10 CFU/ml for bacteria and ~ 1.5 x 10° CFU/ml for yeast) was
mixed with 5 mL of electrolyte water at difference time point (30 sec, 1 min, 3 min, 5 min, 10 min
and 15 min). At the end of the time, 100 pL of diluted suspension were spread on TSA /PDA plates
for incubation at 37°C for 24 hours for bacteria and Cand;'da albicans, and room temp., 48 hours
for Cryptococcus neoformans. After incubation of the plates, the colony counts and quantity that
grew on the culture medium was performed by manual counting method compared with the control
of the cultures (0.6% sodium hypochlorite and stertle NSS as a positive control and growth
control). The bacterial cells; observed afier an incubation period, were indicated as a colony
forming units (CFUs). The three replicates of individual experiment were performed.
Measurement of intracellular protein leaking by dye-binding method (Bradford)

Intracellular protein leaking by electrolyte water was performed by 5 mL of tested
pathogenic microbial suspension (~ 1.5 x 10* CFU/ml for bacteria and ~ 1.5 x 10° CFU/ml for
yeast) was mixed with 5 mL of electrolyte water at difference time point (30 sec, 1 min, 3 min, 5
min, 10 min and 15 min). At the end of the time point, 10 puL of diluted suspension were mix with
200 uL of coomassie dye using a dye-binding Bradford method (Bradford M., 1976), which
measures the color produced by the coomassie dye-protein interaction. The optical density (OD)
was measure at a wavelength of 595 nm. The protein concentration was calculated on the basis of

the calibration curve of bovine serum albumin (BSA) protein standard curve. The results were



expressed as ug of microbial protein/mL. Positive control and growth control were 0.6% v/v
sodium hypochlorite and sterile NSS respectively. The three replicates of individual experiment
were performed.
Comparison of efficacy of electrolyte water with different disinfectants

The effectiveness of electrolyte water was compare with different disinfectant solutions
such as 0.6% v/v sodium hypochlorite, potassium permanganate (0.05%w/v), baking soda mixture
(2.5 g/L), and chlorinated water (0.02% w/v). Briefly, 100 ul of tested pathogenic microbial
suspension (~ 1.5 x 10° CFU/ml for bacteria and ~ 1.5 x 10* CFU/ml for yeast) was dropped onto
the surface of a sterile 5x 5 cm plastic sheet and leave to"‘dry for about 1 hour. Then, 100 ul of
various disinfectants were applied to the surface of plastic sheet at difference time point according
to selected time from previous experiment (3 min, 5 min). The plastic sheet was then soaked in a
1 mL of sterile 0.85% saline solution tube, shaken for 1 min to allow the saline solution to remove
bacteria from the plastic. Then, 100 pl of mixer were spread onto the TSA/PDA. and incubated at
37°C for 24 hours for bacteria and Candida albicans, and room temp., 48 hours for Cryptococcus
neoformans. After incubation, the colony counts and quantity that grew on the culture medium
was performed by manual counting method compared with the growth control (sterile NSS). The
bacterial cells; observed after an incubation period, were indicated as a colony forming umits
(CFUs). The three replicates of individual experiment were performed.
Comparison of the efficacy of electrolyte water by sterilization contact techniques and
surface type

The effectiveness of sterilization contact techniques (immersion and spray) and surface
type (plastic sheet and fabric clothes) by electrolyte water was evaluated. Briefly, 100 ul of tested

i pathogenic microbial suspension (~ 1.5 x 10° CFU/ml for bactetia and ~ 1.5 x 10* CFU/ml for



yeast) was dropped onto the surface of difference sterile object (plastic sheet and fabric clothes)
and leave to dry for about 1 hour. Then, the various contact techniques were performed as
describe:

Immersion: The difference object was immersed in 15 mL of electrolyte water at difference
time point (3 min, 5 min}. After the time has passed, the object was then soaked ina 1 mL of sterile
0.85% saline solution tube, shaken for 1 min to allow the saline solution to remove microbial from
the object.

Spray: The surface of difference object was spraying with electrolyte water for 10 sec (15
mL), and then leave the object at difference time point (3"‘min, 5 min). After the time has passed,
the object was then soaked in a 1 mL of sterile 0.85% saline solution tube, shaken for 1 min to
allow the saline solution to remove microbial from the object.

Then, 100 ul of mixer were spread onto the TSA/PDA. and incubated at 37°C for 24 hours
for bacteria and Candida albicans, and room. temp., 48 hours for Cryptococcus neoformans. After
incubation, the colony counts and quantity that grew on the culture medium was performed by
manual counting method compared with the growth conirol (sterile NSS). The bacterial cells;
observed after an incubation period, were indicated as a colony forming units (CFUs), The
experimental set-up was repeated in triplicate.

Cell Lines and Culture Medium

Normal human fibroblast (OUMEF fibroblast cell lines) stock cells were maintained as
monolayer cultures in DMEM supplemented with 10% inactivated FBS, 1% Antibiotic —
antimycotic, and 1% Glutamine, in a 5% CO; humidified atmosphere incubator at 37°C until

confluent. The stock cultures were grown in 25 cm? culture flasks, and the cells were dissociated



using trypsin—-EDTA (0.2% trypsin, 0.02% EDTA in PBS) from their culture flasks twice weekly.
All experiments were cartied out in 96 microtiter plates (Nunc. Ltd., USA).
Cytotoxicity tests

For preparation of test solutions, electrolyte water was serial concentrations such as 0.1, 1,
10, 25, 50, 75, and 100% v/v was made up with non-supplemented DMEM and sterilized by
filtration. The serially dilution were prepared for carrying out cytotoxic studies.

The MTT assay was performed as described by Cardile ef al., (2004). The viability of the
cell was assessed by MTT assay, which is based on the reduction of MTT by the mitochondrial
dehydrogenase of intact cells to a purple formazan prd‘duct. Briefly, each cell line (5 x 10*
cells/well in 100 pl medium) were seeded onto 96-well microtiter plates and routinely cultured in
a humidified incubator at 37°C in 5% COz for 24 h. The cultivated cells were separately treated
with various serially electrolyte dilution (0.1 -100% v/v) and OMUF cell line cultured in DMEM
+ 10% heat inactivated FBS was used as growth control. The plate was reincubated for 24 h. Then,
10 pl of MTT dye solution (3-[4,5 -dimethylthiazol-2-y1]-2,5 -diphenyltetrazolium bromide) (5
mg/ml in PBS) was added to every well and reincubated for 4 h. After removing un-transformed
MTT reagent, 100 pi of DMSO was added to dissolve the formed formazan crystals and the plate
was further incubated for 5 min at room temperature. Amount of formazan was determined by
measuring the optical density at a wavelength of 570 nm using a Micro-plate reader (Biotek:
Synergy HT). All experiments were carried out 3 times. The absorbance reading was taken to

calculate the percentage of cell survival as follow:

(oD sample)x100
0D negative control

(% cell viability) =

100-(0Dsample)x 100
0D negative control

(% Cytotoxicity) =



The data were expressed as the concentration of sample required to kill 50% (I1C50) of the
cells compared to the controls.
Statistical analysis

Each experiment was performed in triplicate and results were expressed as mean + SD.
Data were evaluated by One-way analysis of variance (ANOVA) using SPSS (version 22.0) for
significance (p <0. 05) and the Tukey test at the 95% confidence level.

Results
Electrolyte water chemistry test

The electrolyte water had a pH of 8.62+0.02, inciicating that its properties were highly
alkaline but less as compared to 0.6% Sodium hypochlorite with a very alkaline (pH 12.18+0.05).
While distilled water was neutral (pH 7.20+0.05) (Table 1).

ORP measurement revealed that electrotvte water had an ORP of 114.33£1.53 mV,
indicating that it is a medium oxidizing agent, while 0.6% Sodivm hypochlorite and distilled water
had an ORP of 309.67+1.15 and 125.67+0.58. mV, respectively. Free chlorine was measuring and
found that the electrolyte water had an ACC of 0.58+0.00 ppm, which was lower than the ACC of
0.6% Sodium hypochlorite (587.00+£0.04 ppm). Whereas distilied water showed no dissolved free
chlorine as shown in Table 1.

The stability of electrolyte water was determined. The electrolyte water was stored at room
temperature in a sealed container for 7 days, pH and ORP were measured continuously compared
to the first day of production. It was demonstrated that the pH of the electrolyte water was found
to change in the range of 8.62+0.02 to 8.41+0.01. A slight decrease in the pH on the 3rd day
onwards was seen but there was no significant difference from the first day of production pH.

While the ORP value changed in the range of +113.67+1.15 to +86.67+1.53 which continued to



decline from the 3rd day onwards. The coefficients of variance (%CV) were (0.01032 and 0.11369,
respectively, as shown in Table 2.

Microbiological property of clectrolyte water

Determination of bactericidal activity after direct exposure to electrolyte water

The electrolyte water was tested for the inhibiting efficacy properties of clinically
important pathogenic microorganisms compared to standard disinfectants. It was found that the
quantity of test bacteria (Bacterial Growth control} was in the range of log 2.56+0.13 — log
3.74+0.05 and the tested fungal (Fungal Growth control) was in the range of log 2.46+0.34 - log
2.80£0,03. Electrolyte water is effective in killing both tes”;ed bacteria and fungi. It was found that
the amount number of 8 test pathogens strains was significantly decreased from the first 30 seconds
after exposure. All organism was killed within 30 seconds-1 minute. Whereas the standard
disinfectant (0.6% Sodium hypochlorite), was able to kill all tested microorganisms, within 30
seconds-1 minute too, as shown in Table 3-4.

Intracellular protein leaking by dye-binding method (Bradford)

Intraceliular protein leaking measures the protein that leaks from the breaks down
microbial cell. It was found that after the electrolyte water was exposed to the microorganisms at
different intervals, proteins from the intracellular érganisms of the tested microorganisms were
leaked from 30 seconds and increased at the 1 minute after exposure. Protein concentrations were
relatively stable over the following periods at 3 min, 5 min, and 10 min, as shown in figure 1-3.
Comparison of efficacy of electrolyte water with different common household disinfectants

It was showed that the amount of test bacteria (Bacterial Growth control} was in the range
of log 5.414+0.31— log 6.13+0.02 and the tested fungal (Fungal Growth control) was in the range

of log 2.78+0.05 - log 3.05+0.01 respectively. Electrolyte water has antimicrobial properties in all



tested microbial. The decreasing in CFU or no growth was detected from 3 minutes after exposure
to the electrolyte water. However, the common household disinfectants; 0.2% potassium
permanganate, 0.025% chlorine, and 0.5% baking powder, were unable to kill all tested
microorganisms at the same time point. Therefore, electrolyte water showed better disinfectant
efficiency than conventional household disinfectants as showed in Table 4.

Comparative results of electrolyte water efficiency in sterilization by various contact
technigues

The results from tested plastic sheet showed that the amount of tested bacteria (Bacterial
Growth control} was in the range of log 5.29+0.13- log".6.02i0.02 and the test fungal (Fungal
Growth control) was in the range of log 2.60£0.05- log 3.06£0.04. It was found that immersion
technique can kill most tested pathogen within 3 min after exposed except Salmonella typhi.
However, most tested pathogen was killed within 5 min after electrolyte water spraying.

The results from tested cloth pads showed that the amount of tested bacteria (Bacterial
Growth control} was in the range of log 5.34+0.05— log 6.24£0.05 and’ the test fungal (Fungal
Growth control) was in the range of log 2.47+0.15- log 3.01+0.04. It was found that immersion
technique can kill 9 tested pathogen within 5 min after exposed except Bacillus subtilis, Salmonella
typhi, and Klebsiello pneumoniae. However, most tested pathogen was killed within 5 min after
electrolyte water spraying except Pseudomonas aeruginosa. Whereas the standard disinfectant
(0.6% Sodium hypochlorite), was unable to kill most of the tested pathogen from the fabric within

5 minutes, and some microbial growth was still observed. less as shown in Table 5.

. Cytotoxicity of electrolyte water to OMUF normal fibroblast



From the cytotoxicity experiment, it was found that at a concentration of 0.1-100 % v/v of
electrolyte water can cuase a relatively low cytotoxic effect on OMUF fibroblast cells with an
IC50+8D value of 80.27 £ 1.26 ug/100 uL, as shown in Figure 4.

Discussion

The disinfectant should kill a wide variety of microorganisms and not specific for the
purpose of eliminate microorganisms from the surface of objects and limit the spread of infection.
There was various mechanism for killing such as cell rupture or leakage, disturbance of
intracellular balance, disturbances in the functioning of cell membranes, inhibition of enzyme
activity, and inhibition of electron transfer processes, etc. "'1‘\/Iost of the disinfectants used today are
chemical disinfectants. The commonly used chemicals are Chlorine containing compounds such
as sodium hypochlorite (NaOCI). This substance acts as a disinfectant by soluble in water to form
hypochlorous acid (Hypochlorus; HOCI) which reacts with microbial proteins or may be oxidized
organic molecule. However, these chemicals can cause direct harm to the human skin and mucous
membranes reaching to respiratory, tissue and skin itritation, pungent odor, and also metals
corrosive (Levine, 2013; McCullough, 2014). Therefore, it can’t be sprayed on the human body
and not suitable for disinfection of pathogen droplets that was tracked on personal items or food
packaging that will be consumed. Hence, it is better to find alternative type of disinfectant that is
more safe. Electrolyte water is one of the choice.

The results of the electrolyte water chemistry test showed that the electrolyte water had a
pH of 8.62+0.02, which was alkaline electrolyte water. The oxidation reduction potential (ORP)
is moderate and the available chlorine concentration (ACC) is lower than 0.6% sodium

hypochlorite. The chemical stability results reveal both pH and ORP of the electrolyte water



slightly change from day 3 onwards and stable over 7 days after production indicating that the
electrolyte water had good stability.

For anti-bactericidal activity of the electrolyte water, the contact time was tested at 30 sec,
1 min, 3 min, 5 min, 10 min and 15 min to see the minimum time for killing microorganisms. The
electrolyte water was found to kill Pseudomonas aeruginosa, Acinetobacter baumannii, Bacillus
subtilis, Edwardsiella tarda, Aeromonas hydrophila, Salmonella Typhi, Candida albican and
Cryptococcus neoformans from 30 sec after exposure. And it can be disinfected Staphylococcus
aureus, Listeria monocytogenes, Shigella flexneri at 1 minute after exposure. This is consistent
with research by Yaraksa and coworker reporting that acid{c electrolyte water can kill Escherichia
coli and Staphylococcus aureus from the first 15 seconds of exposure (Yaraksa ef al., 2021) The
experiment was corresponding to the Intracellular protein leaking results which show that the
mechanism for the desiruction of microbial cells by electrolyte water is cell rupture and protons
leak out of the cell. This was supported by Paola and coworker (2005) who reported that electrolyte
water can inhibit the growth of Listeria monocytogenes by damaging the cell walls of
microorganisms (Paola et.al., 2005).

The efficacy of electrolyte water comparable with various disinfectants commonly used in
households was elucidated. It was found that electrolyte water has ability to kill pathogen better
than conventional household disinfectants. Since the amount of tested pathogen was reduced or no
growth was detected from 3 minutes after exposure. But the common household disinfectants;
0.2% potassium permanganate, 0.025% chlorine, and 0.5% baking powder, were not able to kill
all tested microorganisms at the same time point. These findings in accordance to those reported
by Naka and coworker who showing that Electrolyte water has a higher bactericidal activity

compared to NaClO (Naka et.al.,2020).



Comparison of the efficacy of ¢lectrolyte water to 0.6% Sodium hypochlorite for
disinfection on surfaces of transparent plastic and cloth contaminated with tested pathogen by
different contact techniques (immersion and spray). It was found that the electrolyte water was
able to sterilize the contamination on the plastic sheet by immersion technique better than spray
within 3 minutes after expose. Spraying with electrolyte water, even afier 5 minutes, can kil all
but Salmonella typhi. While sterilization tested on cloth pads of electrolyte water by spraying is
better than soaking because spraying can kill most of the germs in 3 minutes and so on, almost all
in 5 minutes. However, even soaking for up to 5 minutes is still unable to completely killed 3 tested
pathogens.

However, it was found that 0.6% Sodium hypochlorite was unable to kill most of the tested
pathogen from the fabric within 5 minutes, since some microbial growth was still observed.

The cytotoxicity results of electrolyte water as relatively low toxicity effect to OMUF
fibroblast. It was assumed that electrolyte water is safe and harmless to human tissue.
Conclusion

From all the test results, it was concluded that the electrolyte water used as a disinfectant
in this experiment were long self-life, effective in killing all types of pathogen and relatively low
toxicity. It has a higher sterilization capacity compared to conventional household disinfectants
such as potassium permanganate, chlorine and baking powder. Disinfecting time using only 1-3
min afier exposure. Immersion techniques was the most effective method for cleaning the
contaminated object and fabrics which use only 3-5 minutes onwards for disinfecting. Therefore,
electrolyte water is effective enough to use as a replacement for standard disinfectants.

Based on all findings, it was determined that the electrolyte water used as a disinfectant in

this experiment had a long self-life, was efficient in killing all type of pathogens, and had a low



toxicity. When compared to conventional household disinfectants like potassivm permanganate,
chlorine, and baking powder, it has a greater sterilizing capability. After exposure, just 1-3 minutes
are needed for disinfection. Immersion methods were the most successful approach for cleaning
contaminated objects and materials, with disinfection taking only 3-5 minutes. As a result,
electrolyte water can be used as a substitute for traditional disinfectants.
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Table 1 Chemical properties of sodium hypochlorite, electrolyte watet, and distilled water

tested substance pH ORP (mv) ACC (ppm)
electrolyte water 8.624+0.02 114.33£1.53 0.58+0.00
Sodium hypochlorite 12.18+0.05 309.67+1.15 587.00+0.04
distilled water .720+.005 125.67+0.58 0.00£0.00

Table 2 Chemical stability test, pH and ORP of electrolyte water from day 1 to 7 after production

Day pH ORP (mv)
1 8.620.02 113.67=1.15
2 8.63+0.01 112.00+1.00
3 8.53=0.02 94.00+1.00
4 8.48+0.01 91.67+1.15
5 8.46=0.02 90.67+0.58
6 8.42+0.01 89.00+1.00
7 8.41=0.01 86.67+1.53
Mean + SD 8.51+ 0.09 96.71+ 11.00
%CV 0.01032 0.11369
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