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Ozone is a gaseous molecule able to kill microorganisms, such as yeast, fungi, bacteria, and protozoa.
However, ozone gas is unstable and cannot be used easily. In order to utilize ozone properly and
efficiently, plant oil can be employed. Ozone reacts with C-C double bonds of fatty acids, converting
to ozonized oil. In this reaction, ozonide is produced within fatty acids and the resulting ozonized
oil has various biological functions. In this study, we showed that ozonized oil has antimicrobial activ-
ity against fungi and bacteria. To test the antimicrobial activity of ozonized oil, we produced ozonized
olive oil. Ozonized olive oil was applied to Staphylococcus aureus, methicillin-resistant Staphylococcus
aureus (MRSA), Staphylococcus epidermidis, Pseudomonas aeruginosa, Escherichia coli, and Candida albicans.
Antimicrobial activity was assayed using the disk diffusion method following the National Committee
for Clinical Laboratory Standards. Minimal inhibitory concentrations (MIC) were 0.25 mg for S. aureus,
0.5 mg for S. epidermidis, 3.0 mg for P. aeruginosa, and 1.0 mg for E. coli. Gram positive bacteria were
more susceptible than Gram negative bacteria. We compared growth inhibition zones against S. aureus
and MRSA, showing that the ozonized olive oil was more effective on MRSA than S. aureus.
Furthermore, the ozonized olive oil killed C. albicans within an hour. These data suggested that ozon-
ized olive oil could be an alternative drug for MRSA infection and could be utilized as a potent anti-

microbial and antifungal substance.
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7+-& Staphylococcus

FAA WA S 53 methicillin-resistant S. aur-
7EE faste 944

aureusolft]
eus (MRSA)= -9 Ax2 o] B
S% Fa% #oln21]

Ao EAE FAAE EA4H 02 9l 194095 o]
ALEo] & EAHOZ 1909 HH O$ Ay s A¢S
oI itk @A Pdel A At FAA A o
gL olv] 2FYT Huse} glon], Yol A S35
T8 A7le HAWRF O EE Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumonia, Acinetobacter

Oé

baumannii, Enterococci, Enterobacter sp.7} tlE& oty 1 F
MRSAL B4 o) Fddoln, 19908t FHHREE A9
A3l o] A 2l W AJ g MRSA (community-associated MRSA,
CA-MRSA)7} A AAHCE Sdsta Stk §3] w9 7
4 CA-MRSAT 47 AGA3 oA &g 9] F dAx2 74
AAFY 70% o4& 2AAETH27). et ¢ MRSA
o WA ELS 71%E T Ukl vl 453 &
AA @8 79 7] 7(OECD) H#9 o 3u) =2 E4}[7).
Al ol 2 =3 J] @ﬂo gt o 243s &
e EAY 47 =
dolr] o] R e 0:1“«] 49s fri af?_‘?}[9 14]. 149
A2 ATA FAARE A=A Fa FAFAE At
o gt}

2o N

£33} 27 B 2 Y(ozein)E
FAb 24 C&M 3] ARl A
ER RS 45} "@}

ba EYhsd FAAA L8
Q

A3
E7H7F F 1,200 meq/kgd] 2E3 SEH 24U S ?%L‘E g
Ao A&3tA T

phylococcus aureus (ATCC 25922), Staphylococcus epidermidis
(ATCC 12228), Pseudomonas aeruginosa (ATCC 27853), Escher-
ichia coli (ATCC 25922)3% A W4 E2EAHE 2 methici-
lin-resistant Staphylococcus aureus (MRSA, ATCC 433000 2%

ot F 5 & A WY AFFoE AES YT

Al i FE 918 HA WA= trypticase soy broth (TSB)E
AHE3EA AL, disk At o gk A5 oA HAE A WA=
Muller-Hinton agarg AH-&3}% .

i 2L Fdsr] daAe dn dHuse 4o
+© Candida albicans (ATCC 10231)& At&stom, Wiz 2=
yeast extract peptone dextrose (YEPD)E AF&-3%th.

Disk 2HHE{0)| 2lst ehr Mt HLAMIANSE 5
Disk 4ol g 334 342 National Committee
for Clinical Laboratory Standards (NCCLS)ell whe} 7133}
CH4l. 24 2372 37C, 18X &< S A wjA = w) gt
% Mcfarland &% 057} 974 429 & @84 < 2 x5t
Mueller-Hinton agar W29 #43stA =@stitt &3} &
B 2dE Astetr] o) Bitd 6 mm AF9 diskE 7o
A A 2Hd A HAS Fu RS, LEF &
EE #aA7HA At
Z ZHo] "3, A
Falo tie) d@Fe A sk

0

I 7 FAAE diskel] HA7FskaL 37T A 204
A& JARE SASAT dAN AELE 28T $ Image
JZEIM(NIH, USA)S ] &3t A4 & o

2Rz detfleh F2o wE AAHe #E 33 o
AP BEH LEAAE Ui, HaASAs 5
(minimum inhibitory concentration, MIC)& A §©] Ve
S A WA s ER ARG PYNETOR A8
ampicillin¥ tetracyclinee E3 FY% WO Z A4S
ZAsoH, sxo O AFAAY Y FHHA F+E A=
sof ozst Loln odse) FEAS Hiwast BEAT.

il

Staphylococcus aureus?t MRSAO CHet MLHX &
B Hu

&3 B 299 Staphylococcus aureus$t MRSA®] o
g AUy FFEHE TAHoE H] at7] s LT
Muller-Hinton agar 4 2t ] o] 7
F FY FEY oES 2
AEAANE sttt oA FAd
L3, sAUWEE SYE 29 AESATH

Candida albicans A2 &3
0 &3 &g B 299 3 Candida albicans®] NMEES C
albicans7} AFEE Y& 7§ methylene blueZ @4 o] = ¥
WS o] &3t =AY Y5, 23]. Candida albicansE YEPDOI



0
)k/\/\/\/z\/\/\/\/ Fattyiadd
HO

0O; l' oxidation

Ho\g/\/\/\/\(oYV\/\/\ ozonide
0-0

Fig. 1. Production of ozonide. Ozone oxidizes fatty acids at dou-
ble bond linkage producing a five ring compound,
ozonide.
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Table 1. Minimum inhibitory concentrations (MICs) of ozon-
ized olive oil for each organism

Gram (+) Gram (-)

S. aureus S. epidermidis  P. aeruginosa E. coli
MIC (mg) 025 0.5 3.0 1.0
o WY W Z4dY F& ddFolnh. =, BT FAA
g WA 7 B EAEH, g e maA g5
she s ol ATl A W2 ETar=s 2 oF
A FAAE wobg ol Ay A o G Ao EAstE FHA
o EgHolE oA g55te Ao <A St ofd
T2 FAA WAL P aeruginosa®] o] HE A}y &
< ok stAU, A gl ad o 717ho] AFHH, AE
5] oA E A &o] Iui[11]. Fig. 29 Fig. 3o M Yelt=
of Al e FBd Age 7HAE P uemgmosuc’ﬂ °X

N

Z3 298 298 3,612 18, 24 mg¥ EF3AS 0 646,
8.22,10.18, 11, 86, 1272 mm9| AAhE F A3 Hth. B A
AE el H2FEE 30 mgo & FA 5 ¢ thTable 1, Fig.
2). ARSI Staphylococcus®t Bl 13t W Staphylococ-
caisoll WA= A5AAEA Bk 1/20) AR vkt FAY
2o FAA ko] v A= 1018 mme| AAHE e
U o F2 223 S8 29U 12 mg, YU
99.7 ng, HEZHA o] 2 17.08 ngo & EFSTH(Table 2,
Fig. 3).

P

Escherichia coli®l Lt &z S}

Escherichia coliv- 85 &9 ol 4243}
EES E ooliv AHS f8814 oy ¢
Aol #td, 284 A 55 ¥t Uropathogenic
E. coli (UPEC): L2449 ¥ T3 AddoIH[28], en-
tero-hemorrhagic E. coli (EHEC)&= 84U ZH 9 ddFo

2 2011 Sl A EHECe] sl 3,0000 % o] 423 |4
AFAE dgom 1 F 559 o] A ATHS]. wekA, E
coliv AW AT R AFskA ¢F& o] oy S Y
HYE Z o & FoE AAFHA Ao FT}.

Q3 S8 299 o7 E colidl T E52 P aerugi-
nosast frASHAl A UErGTH &35 S H 2% 324 mg
%ol thate] 7.09-1334 mm 91 o) AANE FAshe] ZA)

& AFEE AR @A JEbthFig 2). 18y A SA s
g Yl HA255E 1.0 mgo 2 Ao P. aeruginosad

HAAAFE Brhe Bk th(Table 1, Fig. 2). 77/ & capsular

Table 2. Comparison of Inhibition zones against the tested microorganisms at the amount of 12 mg ozonized olive oil

Gram (+) Gram (-) Fungus
S. aureus S. epidermidis P. aeruginosa E. coli C. albicans
Inhibition (mm) 21.63 2297 10.18 10.15 15.78
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polysaccharide?} E. coli®] A &4 & AFdthe B
U22], olAe] £ &3 2B edd dEE A3
& deAe #4977 esigan A%
W, 2258 P. aeruginosa®} frAHgH 3 EH 9 gqj
& et 2F5879] Axd JEFA0l &3 &1
B oo 93 A Aol Y& ALE FFE ¥4
2T FAAA LY Hlae A= 1015 mme] AAHE LEr
Wed 288 ¢ 2E3 388 290 12 mg LS
2834 pg, HEHA O] ZH L 1.75 ngo & e th(Table 2,
Fig. 3).
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st Ay S Adste 7“4_334 Alo] Atk v%ol S. aureust
A AHEHE oY FF7Y AR ARE F e OA
WA ¢F7F EAstH, S8 W W 29| 40%E AA 5o
g AP FEe dAEA 2T 7 dva ZuHn
2, 6].

S. aureuss WY HHuA o] Q&3 B 20U ¥
3914 24 mgo 2 /A wel A5 AAlthe] A Fol
1346914 2383 mm= ¥ 9Z2H02 2754} ol @
Ade 2254 AT P. aeruginosa®t E. coli®h ¥l sk &
m o w2 B4 dEtleH, ASARE e Ha

A P, aeruginosa E. coli
B 35 V_._Ecoli

c 30 4..@. P aeroginosa

.2 S. aureus

=} ——n-e-
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Concentration of ozonized olive oil (mg)

Ly
a

A 0.25 mgl 2 ZA5 0] 1T LA Ao U H4a
ﬂl%

2oh ¥A Yelth(Fig. 2, Table 1). S. aureusdl EH
3 &8 o) FHENE 7T HAY £
3}7] A 22 AqAdE detle W = %4_4
ZAsIAT. et SElH 29U 9 ool 12 mg¥ W UE
AAY 21.10 mm3} FLE AAWNE dErhEs A9
= 47 duddol 237 ng, HEA] S/ 0] 11.07 ng
A%+ = A th(Table 2, Fig. 3).
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Zdo] o] Rl MEA HBFH 2 44T F4E Y2
24 & 9o A, 95 Ao EXse AdE F S epi-
dermidise 7} 8% AFoZ A JTH17].

S &3 £8lH 29 & 39 4 mgo 2 F7IstAAM e
AE W S gAY AEE 10.06914 2780 mmE FE
e o7 £3589 o, S qureus®] AF Rk f A&
AA U E A8 AthFig. 2). MICFO] 05 mgo 2 LERY S
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Fig. 2. The antibacterial activity of ozonized olive oil against 4 tested bacteria strains. A. Ozonized olive oil was added at the
indicated amounts of ozonide olive oil in a clockwise direction to each bacterial plate. Olive oil (center) was negative control.
B. Growth inhibitory graph with various concentrations of ozonized olive oil (Left). The boxed area was re-graphed with
small scale (Right). Data were analyzed using MS Excel program.
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A P aeruginosa E. coli S. aureus S. epidermidis
T
&
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Fig. 3. The antibacterial activity of two positive control antibiotics against 4 tested bacteria strains. A. Representative inhibition
zones with amount of each antibiotics. B. Dose-dependent antibacterial activity of ampicillin (B) and tetracycline (C) against
4 tested bacteria strains. Graphs were produced by MS Excel program.
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0.25mg 0.5mg

MRSA

(g}

35 [ -e- Saureus
30 | —#—MRSA

Diameter of inhibition
zone (mm)

0 5 10
Amount of ozonized olive oil (mg)

Fig. 4. Comparison of the antibacterial activity of ozonized olive oil against S. aureus and MRSA. A. Growth inhibition zones produced
by ozonized olive oil against MRSA. B. Comparison of ozonized olive oil sensitivity against S. aureus (SA) and MRSA on
a single plate. Control was olive oil. C. Growth inhibitory graph with various contractions of ozonized olive oil against
S. aureus and MRSA. Data were analyzed using MS Excel program.

AZ2A FAA =M E A7t HA &L, FAFAZ A 23}
ofof goz A %L*éﬁv‘i”} ofyzh FT &4

9 T F e e s AAAT. £E8 21
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Fig. 5. Mortality by methylene blue assay. Candida albicans were
stained with methylene blue to identify dead cells after
ozonized olive oil treatment at the indicated time. Dark
blue color- stained cells were judged as dead cells. Pic-
tures were taken from a hemocytometer slide (400x).
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