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Antiviral Ability of Ozone Generator Developed by Faculty of Engineering
Ubon Ratchathani University
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Abstract
Ozone consisted of 3 atoms of oxygen. It is a relatively unstable gas because of a weak bond joining an
extra oxygen atom to oxygen gas. Consequently, it usually causes oxidation leading to growth inhibition of

microorganisms. Currently, ozone generators for sterilization have been developed commercially. The faculty of
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Engineering, Ubon Ratchathani University has developed an ozone generator under the project “Innovations for
medical supports during COVID-19 pandemic”. This study aims to examine the ability of the ozone generator
developed by the Faculty of Engineering, Ubon Ratchathani University to inhibit viruses. In this study, coliphage, a
virus infecting Escherichia coli, was used as a representative of viruses. To examine the effect of exposure time to
ozone on inhibitory ability of the ozone generator against coliphage, ten microliter of coliphage with the
concentration of 107 pfu/ml was spotted onto BHI agar and then subjected to ozonation for 30, 60, 90 and 120
min. After ozonation, BHI agar having ozonated coliphage was overlaid with soft BHI agar containing E. coli and
then incubated at 37°C for 24 h. It was found that ozone treatment for 60 min or more could completely inhibit
coliphage. To examine the effect of viral load on inhibitory ability of the ozone generator against coliphage, ten
microliter of coliphage with the concentrations of 107, 10°, 10°, 107, 10%, 10? and 10 pfu/ml was spotted onto BHI
agar and then subjected to ozonation for 30 min. After ozonation, BHI agar having ozonated coliphage was
overlaid with soft BHI agar containing £. coli and then incubated at 37°C for 24 h. It was found that ozone
treatment for 30 min could completely inhibit coliphage with the concentrations of 10° pfu/ml or less. From this
study, it was suggested that the most effective exposure time for the application of the ozone generator to

completely inhibit viruses would be at least 60 min.
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%7 (virus) 1A Findilddnduead 1iosanlsl pondlauiifimnuiafiosgs ﬂﬁﬁ?maaﬂ%m%uﬁ’aﬂénﬁﬂﬁ
flassadreiwadialudead wu 1lovuiad lslulay Talguaiunsagingdunideng q 1a (6], [7] 9ann1sfinen
(ribosome) waglglnwanasl (cytoplasm) lasailassadiedi Wuaﬂaiszjummmmmiaﬂlumimﬂlmﬂ@ﬂgmmaaﬂmmu
PeUszneumedinusenauvan 2 ¥ila Ao @15iugnIsy niefiFonindidranudisdndeandintdu (Oxidation
waglUsAuviou (capsid) Favimiifiesfuansiugnssu potential) gufis 2.07 Electron Volt (eV) Fsganinansiadl
h¥ausazvdaifigusefiunnssiuumszilusiuvioru #1a 9 fideuldendolsn 1wy hydrogen peroxide wax
Funnsetu vonanili¥auiwineraiidulutuiidenia sodium hypochorite SsdiFnarusnsdngeendndumintu
envelope viovuagtuuonan asitugnssuiinululasaes 1.78 eV uaz 1.36 eV nuddu [8] deimgiluiiagiuied
Ju DNA w30 RNA Al [1] Taela¥adild DNA Wuans nswauademanlelyuduiioldusslovilunis
WugN3IuaE38n91 DNA virus @aula3adild RNA WHuans nsumgiierndndelsane  ldhasduwueiie dad
WUgNIINLIIENI RNA virus LaFananeviindinnudidey 31 wazlasa
mafuntsunndiiiasninanansanelsald DNA virus fide Tuaounisalfifinisssuinvedlsa Wy n13sEUIn
157 v u Herpes Simplex virus 399119 1Aalsai5u vaslsa COVID-19 Tutaqdu wﬂummmaammamaﬂmm
(Herpes) ua Varicella Zoster virus #ailinlsngatn AAsrfestunisliostu mamwamuawu msmmumq
(Herpes Zoster) [2] @31 RNA virus finelsa 19 Ebola ANEIFINTINAIARS ;Jm'mawasquaiwmummmﬂﬂm
virus FavilifiAnlsa Ebola, Influenza virus FevinliiAn svadraniowmdnlolowiielddude n1eldlasinns
Tsnldninlung wag Severe Acute Respiratory Syndrome u"ﬁ’rﬂﬂsiuaﬁ‘uayumqmm‘wm&‘]iaq%’umiszmﬂmﬂLfga
Coronavirus-2 (SARS-CoV-2) aviliAnlsa COVID-19 & Th%a coviD-19 lneindesdanarndunieandnlolauiild
WulsaszueiiddlutagiufiesFindautiududin (3] 38n1suanlelyuuuy corona discharge dsldnszualvii
Telau (ozone, 05) Wufwfiuszneuseeendiau Ausnsdnggatunisvilifingesndiauuandnluezaeu
(oxysen) 3 oznay Wifld uainduns [4] Telouaunsaiin voseondau Fudlelusuiufgeanaufazsililaleloy
Iodlusssund neinainnisiindsnu Fae1ana1n3ed [9] ww3esdananfifdsnisndnleleu 36 nsudotalus
ultraviolet wienszualwiiussgaanwiwauniofet 5] Fawdfiifiduanfisnesuidefivandiifiuinlelyud
Wy liRngeondiau (0 uandanateluszneuves Anuansatunsenhisalanateda wu wuameslowa
gandiau (0) Fudelusiuditufveendiauiaziilils [10] Influenza virus [11] Human immunodeficiency
Tolww usiflosanituseildduseninvernouvesoandiay virus (HIV) [12] Poliovirus [13] Ebola [14] k@ e SARS-
fufingeeniaunelulianavestelvuduiussfigou 3a Cov-2 [15] egnlsfimuneuiiaziaiomanlelaussnd
inlilelouiinnnuiadesdn warduudldufiseneliiin TlHlussesndudosiinamageuusyansamlunsdiuds
UjjfiTeneendindu (Oxidation) Inun1slviezneuves nsairedhianey ddulunisinwifsdinguszasd
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\enageuALamsaveaIswanlelaulunisiuds
1284 sautawavesanluniseulelou uavUSuaudelnsa
foUsvansamvenaiowmanleloulunisdudalya
Tunisnaaeiild coliphage daifunuameslowa
(bacteriophage) Vimmsaqﬂ?mmzﬁwaw Escherichia
coli \usunuveshiya lnedisfennudasndenia
Fanm flesarnita coliphage waw £ coli fldiduqdunis
faendy warlsinolseluuywd

2. 789 aunTaluazisn1ide

2.1. goulalwy

gouleleu (ozone chamber) fildUsznaudaeg
Amdsugnuiad uifsgrinainnatagn (plaswood) uaz
Useglaviainesa3an (acrylic) dvwim N9 1 wns 813 1
WA wae ge 1 wms sunthiviudsealadeUala dau
srundagidoadielitansliiusenangle aelugiiedos
nanlolau (ozone generator) IUIA N9 24 %31, 817 39
u. g9 25 g, fidndenisuanlelou 36 nfudedalua
shumtiedeaiiduuiunaild 6 sesu @ 5, 10, 15, 20, 25
wag 30 W7 sEminnImeasaaIastananaznlilng
wifaF ey Taeshsanuiisdunds 6 i (Figure 1)

2.2. Yauvasallunsvaaesil

wuamestewlaildlumsnaassi fie coliphage
HuuvameslewafifBsunenliodasuenandegii
fifunuetitatiis mnnsesasunyuiteglu family
Siphoviridae drunuailiFeildidu host ves coliphage
fie Escherichia coli ATCC 25922 FudunuaiiiFefiogly
biosafety level 1

2.3. N1INAFIUAINEIN1TAYBY coliphage Tu
nsdud Escherichia coli

NITNAFDUAINUEINITOVDY coliphage Tunsdud
E. coli nTae 11 coliphage fiflanuidudu 107 pfu
(plaque forming unit)/ml Ysuas 10 lulasdnslunenas
UUIIUDIMISLAE T BHI agar W1 soft BHI agar (0.4%
agar) Usuns 4 fladansfiiinsiiude £ coli Usunms 100
lulasdnsiaglifianududuansine (final concentration)
10° cfu (colony forming unit)/ml 41N UAIUUATUY
91M15LaBuTaiiin1snen coliphage asly drlduuil
gaumdl 37 samwaidoa Wunan 24 $alus ledanaleu
laiintuiiodnssiauawisaves coliphage lunns
§uds E coli luyanruau (control) 14 BHI broth wnu
coliphage nsnaaesiivhe 3 ads
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Ozone chamber

Ozone generator

Figure 1 Ozone chamber and ozone generator

2.4. Msfnwwmavasaariildlunisevlelausie
ausnsavauaiamanielewlunsiud e
nrsnaaesilduummneslemafisiinizde
Escherichia coli %30 coliphage Wusunuasalasa lu
msfnvmavesaildlunmseuleleuenuansaves
wiowanlelanlunisdudslata Swilae coliphage 7
AMULDY 107 pfu/ml USunas 10 Wlasaaslunenasuu
91UeMNTABUTe BHI agar 119110 M154A 84T 071l
coliphage aglutslugoulolau fiardng 9 léun 30, 60,
90 wag 120 Wi ludnvuefdndduuuveIueIvg
eadioosn mynsuewnadestelugoulelelsindi
MuomMIABLTeegTmmeuUsEguii el
\3eandnlelsunnniian ieasuimunialiin soft BHI
agar (0.4% agar) U3u9s 4 fladansfifinsiiude £ coli
U3u1ns 100 lulasdnsiaelifinududugading 10°
cfu/ml wmstuasuua e mMsasuteiiniunisoulelay
w&r ndsanduiluuiigangll 37 eseeaidea [Hu
van 24 $alus iledunaleulaiifiniu Wensieaey
AINAIN50ve s coliphage Tunisduds £ coli lunis
yaaesil yonawesniseuleleudiynaiunm 2 ¥a fe 4o
positive control %uﬂummuauﬁﬁmimm coliphage a4
UURINILABTD BHI agar wilidenivluvulugeuleley
LaEYM negative control %dLﬂuﬂgﬂmUﬂmmJjﬁﬂﬁwﬂm
coliphage atuuoMsLaEaTe BHI agar wetluuslugeu
Telow manaaosivien 3 adluusaviawesniseuleleou
2.5. MsAnwnavesUsunulanenuaunse
vauntawdaleloulunistiudslaa
TunsAinwmaresuiunaiSasonuaiunsnves
wisawanlelaulunisiudalada sinlaeyn coliphage 7
AMuLtNduag 9 lawn 107, 10°, 10°, 10% 10° 10 wag
10 pfu/ml U3u195 10 lulasdnslunenasuuaiueinis



Foade BHI agar thauemnsiasadet coliphage aglU
Usilugeulelsudunan 30 uiil TudnwasMilndsuuy
YoIIueIMIABITo0eN MIeWNaAsLTelugey
Tolsulndlsiauemnaidsndosgaumadnulseg v
wieliinaaniadesndnleleunniign wWeasuriivuaiia
91 soft BHI agar (0.4% agar) U313 4 iaddnsdifinng
Wisnie £ coli Usanas 100 lulasanslaglidanududu
anvie 10° cfu/ml siuasuuIue M TAB L ey
n1seulelounds ndsanduirluuuiigamnd 37 oemn
waldua unan 204 Halus iiledunalevladiingu e
ATIVABUAINUEAINITOUDY coliphage Tunisdud £ coli
Tun1smaaesil ynanududuvesth¥adigaauay 2 4o fio
¥a positive control 91 uyanlruquitiinisven
coliphage asULMNSIABTS BHI agar uslifosiiluvs
Tugoulelwu wazya negative control Fafugnarugui
liifinnsnea coliphage AU EBUTe BHI agar Lel
ildualugevlelou n1anaaesiiviign 3 adslunday
Usuauwes coliphage Al

3. NANT5IWUAZDAUTIINANITIVY

3.1. ANSNAFBUAMUEINITOVDY coliphage Tu
msdiudls Escherichia coli

ot coliphage USuns 10 lulasdnsnenasuu
MUBMNTLAEUT BHI agar udawmviudne soft BHI agar 7
il £ coli wanag wuinwdsannuufigungil 37 eeen
waidea Wunan 24 Falus nulsulaiadunseiumdaiidl
e coliphage (Figure 2a) Tuwnzilugnaiugy G4
BHI broth w1 coliphage 13Jﬂ51ﬂgisuu1aLﬁﬂ°TTum5ﬂ
Aunafiinisuen BHI broth (Figure 2b) Nan1INAABsil
wanslidiuin coliphage fauanansaluniséiuds £ coli

Tasundudaladamluliannsadsedinegldse
Fues nsifinsvanedhdaesiintuldnisluaday
windu TasFeniwadiladasniusedluoifeogiiiois
SruauImasitu (host cell) [16], [17] nalndtlaSaus
avvialdlunsidiiusrunuezadetu Wswsiiswandon
veUsen1sTiwananeiu Tunsdives coliphage Th¥adasly
Juftu receptor Asumngiiaguuiiveuwadidntiy dslu
nsd@liife £ coli ndsa1ndu coliphage 9z Udoudans
Wugnssudngwadiintiu deazgnldlunisiindiuou
coliphage nelugadidrtu Woneluwadidrtud
coliphage 97U2ULNA waALIIUUITLAN LazUanUany
coliphage sanuiieluynsnuaziarswadiirtuead
u 7 Megluvinalndifssiely [16] senalanisynin
wadidtuwes coliphage Tudhward vhlvusiaiinen
coliphage aslU3dliifl £ coli wdpagieusngduleula
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Figure 2 Inhibition of E. coli by coliphage

a. presence of a clear zone;

b. absence of a clear zone

3.2. MsAnewmavasaaiildlunisauleloude
anwaansaveuasasranielaulunssudlada

Wiotn coliphage Aifiarnududu 107 pfu/ml
USnms 10 lilasansvenasuuanuemsiassde BHI agar
waailudalugeulelew Wuiian 30, 60, 90 waz 120
Wit 9 ity BHI agar 7iflnenves coliphage ag Ay
soft BHI agar 7ifl £, coli nauag wuinmdsanunfigamnd
37 gemwaidod Wuan 24 42lus coliphage #irunns
aulelouunan 30 witdsmsiinnuanunsalunisduds £
coli ¢ Tnedunalgannsilauladatunseundsiidns
wen coliphage asuu BHI agar nelwuladenafivuind
w@nninlsuladinuly positive control (yaA1u AN
coliphage lairnun1sausielalew) wansitnisouleleu
Wutan 30 unflaunsasinats coliphage It g sua
wsduwii (Fisure 3) ogalsfinnuiionh coliphage 1t
aulelguluiian 60, 90 way 120 unit wualidleula
AnTunsaiunieiifinnsmen coliphage asuy BHI agar
nansnaassiuanslifiuinniseuleloudunandousd 60
wifituluanansaviane coliphage oaesauysal (Figure
3, Table 1)

nsnaaediuansliifiuinlelouiindnannieiemwan
lolouresnnelAINTsuaIans Un1Ing1dsauasIysiill
auanunsatunisanlifals Feaenndestunaiuidei
Hnuauansliiuinlelaudiauainisalunisainlasals
natgaia WU wuawmeslewa [10] Influenza virus [11]
Human immunodeficiency virus (HIV) [12] Poliovirus
[13] Ebola [14] n3ouiius SARS-Cov-2 Fudulafaiidu
awvaslsa COVID-19 imdsszumilanlutlagdu [15]

nalnnsfidngaunidang q sudislialneloley
ofuUffTeneendadu lnelelouazunndnduiieg
20N31U (0) WAZEBNTLIUBLABULAYY (single oxygen
atom) [18] FsanunsaluviufAserfudiutsznaudiig 9
¥939aun38 Inglanizansiiinussg (double bond) 1y
Ty wazansfidheuvuiiuea (phenolic ring) wwu Wsfiu
DNA uaz RNA silansiantuiilassadswazniniidely
Fahlugnsmevesqduvdd [19]
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natluniseulelewdutledefidfyidesddat
dledeenslilelovluniseilisa esanhSausdazeiiag
Anuaunsalunisnusslelauldunnaneiu Dubuis waz
aniz [10] Mdnaaeeidel¥avans q siindelelou Fuwa
flgwudinisdwuameslews PR772 Fuduwuanes
Tewlafidumgsle £ coli aewug HER1221 fesldinan 10
Wi luwagfinisgwuawmeslows MS2 Fuduwuawmes
Towlafisimazsie £ coli anuvug HER1462 uaznissin
murine norovirus MNV-1 s‘z’qufJulﬁaﬁﬁnwwﬁamaéw
(mouse) #asldnanas 40 wiit uenannil Dubuis wazae
[10] Saaguinyinvesansiiugnssy sUsuaszlasainees
hialdarunsaldlunisanaziuanuaiuisalunisnuae
Telyuvadhiald dafumndosnisnsuuidnitldaiiaula
nuseloleulfinniesfiedaisdouinismeaeutuliad

aulawiniu

Figure 3 Inhibition of coliphage (107 pfu/ml) by using
different exposure times to ozone
a. control group not exposed to ozone;
b. exposed to ozone for 30 min;

c. exposed to ozone for 60 min

Table 1 Inhibition of coliphage by using different

exposure times to ozone

Exposure time (min) Inhibition of coliphage

0 (control) x
30 x
60 v
90 v
120 v

v' = coliphage can be inhibited by ozone
x = coliphage cannot be inhibited by ozone

3.3, pMsAnwnaveslsunuldadendnuaunsa
vaunsewmanlelouluntsdiudslada

ot coliphage fifiAandudusing 9 léud 107,
10° 10°, 107, 10°, 10 was 10 pfu/ml UFu1m5 10
TulAsAnITNEAAIULITUOMNSIABTe BHI agar Wity
valugaulelou WWunan 30 wift andumity BHI agar i
nyAYDN coliphage agj 8 soft BHI agar i E coli &y
ot] nuImdsanvuilgamgdl 37 ssenwaldea Wunan 24
#1134 coliphage #iflarnandudu 107 waz 106 pfu/ml i
dunseulelaudunan 30 Ui Sansilanuanansalunis
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Juds £ coli 14 Tnedanaldannisilloulaiiniunse
funisiiinisnen coliphage asuu BHI agar (Figure 4)
Tneloulafinuiivundnamuanududuves coliphage
4 ogrslsfmudion coliphage Aiflanandudu 10°, 10°,
10%, 10% way 10 pfu/ml IWeulsleutduiaan 30 uai
wuiliflsdaintunsasumisiifinnsmen coliphage a
Uu BHI agar (Figure 4) namsnaaesiuanstfifiuiiniseu
Telwu@uiian 30 undl anunsaviane coliphage fifinanu
Wududeenimiawindu 10° pfu/ml laeg1eauysol
(Figure 4, Table 2)

Asnaaesiuandlififiuiimnududuve s
Suruinaseuszansamlunisathsaselelau mnany
Wuduredhfasuduinn naildluniseuilesihyafides
wnaulude Tunmsileleulunuaidumsahadielst
ussansnmgegarosiilsdstadedelud anududy
vash¥asudu naildlunseulelou wavemududuves
Tolou [10] uslunsdlveaadeseulelaufiiaulneno
Amanssumans unninerdeguasivsnil 1uindesils
ansausummududuvedelsufinaneanuild duju
msvnesestinanluldiuesidadesds 2 dasendnidu
ddie arududuvedhiadudu waznandldluniseu
Tolau

Figure 4 Inhibition of coliphage with different
concentrations (10%, 10%, 10* and 10° pfu/ml) by

ozone exposure for 30 min

4. uvagy

i3osnanlelyuiiimuiulnennsdmnssumans
wﬁ'ﬂEJWﬁaquaiﬁmﬁwﬁﬁmmmmsaﬁu&% coliphage gt
mndeniniemanlelsuifldrussuardenislaguds
Tifaldegnauysalasldnatluniseulelswdunatedn
oy 60 Ul

5. finAnssuusznie
AMEHITEU0VBUAMANEIAINTTUANANS
WINg1dgUaTIvs fineyn e ilildiatenanlalay
uazgoulelou warlsmeuaassndnsussasineoyasigi
A = &
wuaiiFenldlunis@nunil



Table 2

Inhibition  of coliphage with different

concentrations by ozone exposure for 30 min

Coliphage concentrations

Inhibition of coliphage
(pfu/ml)

107
106
10°
10°
10°
102
10

A% %

v - coliphage can be inhibited by ozone

X = coliphage cannot be inhibited by ozone
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