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Evaluation of Antimicrobial Activity and
Mutagenicity of Ozonized Olive Oil
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Abstract Ozonized olive oil was tested for its mutagenic potential in a Salmonella/microsome assay. Additionally,
antimicrobial activity was tested against Propionibacterium acnes, Staphylococcus epidermidis, Staphylococcus aureus and
Pseudomonas aeruginosa, pathogenic strains related to acne, using the paper disk and agar dilution method. Ozonized olive
oil showed antimicrobial activities against all the strains tested, with minimal inhibitory concentrations (MICs) values in a
range of 2~10 mg/mL. Mutagenicity of ozonized olive oil was evaluated with Salmonella typhimurium TA98, TA100 and

TA1535, with and without addition of S9 mixture. No increase in the number of /is”

revertants over the negative control

(solvent and non-ozonized olive oil) values was observed with TA98 (1,000 pg/plate), TA100 (1,500 pg/plate) and TA1535
(1,500 pgfplate) strains. The results from this study suggested that ozonized olive oil does not show any mutagenic

potential.
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B Aol A HAPAES] 2E3t SE/FLEI}E 16%)
+ Oteclabo(Japan)ol| 4]+ 3te] AFE-8}3Ath. Ozonized methyl
oleate(normal ozonide, 2a:cis 2b:trans)y= L& E7lo| =t v st
A ot st Az, 22 A Ae AR
stRom, EFEZHQ oleic acid®} methyl oleate= SigmaAl, aze-
laic acid® AldrichAtollA Fite] 4°Coll BataluA ARSIt

2-Aminoanthracene(2-AA), sodium azide(SA), 2-nitrfluorene(2-
NF)2 Aldrich(USAA} A2, tetracycline, NADP(B-nicotinamide
adenine dinucleotide phosphate), D-glucose 6-phosphate, [-naph-
thoflavone, dimethyl sulfoxide(DMSO)< Sigma(USA)A} Al &2,
brain heart infusion, tryptic soy broth, nutrient agar, bacto agar
i+ Difcorl A2, Oxoid nutrient broth No. 2+= OxoidAl A&
<, 718} A1k 1§ o)) AES ARSEIAITE AE 4 rat(male,
Sprague Dawley)y= & 5= (-)ZFE sl ARSI

oF A K|

gt Aol Agshes ol=F e T3 Propionibacterium
acnes KCCM 41747, Staphylococcus epidermidis KCCM 35494,
Pseudomonas aeruginosa KCCM 11800 3tH=+-Ft 3]l A, Sa-
phylococcus aureus KCTC 19162 =A™ 3819 22
Yol A] Bgurol ARSI, 72 w5 ARSHIA| &} vl
Table 12 7}, WHoled H7F Aol Aeshe %1 Salmonella
typhimurium TA98F}F TA100, TA1535% s=rAmgetal 79l %
p2sYo 2Ry E4F Wol zZHzte] ¥ AS ERIG F ARESE
fom, #579] fH8 AL Table 291 2k @5 ZH2ke] Hi
2o A wljoFal TR 20% glycerold 1: 18 ¢, 34 F43519]
-70°Cell BESI oM, B #5-5 T wiRlelA 37°C, 2447

wlpsle] B98N F Ade] AHgsiaTh

S9 =8 =X
S9 #F o] ZAE Ong 52 W (13)e] wehr] A s810H,
AL FERE 200£10¢g] 757 ¥ rat(male, Sprague Daw-
ley)2, =22 2% phenobarbitals} B-naphtoflavones ARE-3H21
Table 1. Media and culture conditions of tested microorganisms
for antimicrobial activity
Medium

Brain Heart Infusion (BHI)
Nutrient broth
Nutrient broth

Tryptic soy broth

Incubation condition
37°C, 5% CO,, 48 h
37°C, 200 rpm, 12 h
37°C, 200 rpm, 12 h
37°C, 12.h

Strains

P acnes

P, aeruginosa
S. aureus

S. epidermidis

o ZAE $9 BIL oflz=E EHo| 0.5mLy B3] —
70°Cel H@aslHA AREEIITE S9 mixE Ames 52 HH(14)0]
w2} 24 5Tk

Paper disk method®ll 2|8t antimicrobial activity Al&

93} g8|H 52 g+t a¥+= National Committee for Clinical
Laboratory Standards(NCCLS)2] A3 (15)°] 35} disk diffusion
method® Z4313ict. 2=8} Ee]E-H-5 DMSO! g3liste] 400
mg/mL FEE AE Y98 Aty FEE NS A2
Tl Table 19| ¥z ® wigz=zAoNA st zbzke] FAES 0.1
mLEF FZF5% 10 CFU)E %3 agar plate 34 1o paper
disk(diameter 6 mm, Wattman No. 2)& 7[HA| & Ex =A%
A5 25 uLE ZAEHA golmy] FHAZ HolH tia=a
o FFAIZ 2E3) glER FEE 00625, 0.125, 0.25, 0.5,
1.0, 2.0, 4.0, 6.0, 8.0, 10, 12, 16, 20 mg®|UC}. P acnes= E7]
ZAGB% CO,)NA 48A17Y, S, epidermidis 2 S. aureus, P
aeruginosai= 12717k 37°ColA] wljFet & AJ& =] Zk(clear zone)
o] Z7|E analytical pakimeter(TESA-CAL* IP67, Swiss)Z =4
s, Zhzte] Age 29HE 2 plate ¥ AAEIATE AEF A $
o] A7)E [W=(T-D)2)Z Axtelda, A8 #X|2e] 27 (mm)
2 W, #Ho|7 tj2=3 HA|$he] HA AL T, Hol tjzA
o] 272 DE JeRHATK16).

Minimal inhibitory concentration(MIC) A|§

©F3} S|B9 HAA N FEEMICKE NCCLSS] A3 (17)
w2} agar dilution method2 71SIATE vIAE SR/ w2 2z}
zo] WAl B w7 (Table 1)oA] vl Zhzke] FAIFS 0.1
mLEZE HETE 12-13x10° CFU)E Zzte] IAujx] £l
&7]3L glass spreaders AlMg-8led wiA] Aol ZAF REEEE
TES O, 7o) 2EolA 12-48A17F visle] #4E AS
stTh A A= Zhzhe] wiA] 15 mLe} 0.4% Tween 800 %
T E57H 1, 15 2,4, 5, 6, 8, 10mgmL7} HEE AT 2
3t Z2lEf o 5mLE E]}ste] Az MICE 93 Al
g & g S-S BEHY & YUe L3 gEERe
A FER AR, A1F vAES] ASE 50% Adshe Hi
FTEE MIC, S22 33t EFE4E azelaic acid®} tetracycline
S AMgalgdT) 2 AFELe kR 2 plate 4 AA|SFITH

> AL o

Holgld A

Hol 9l A Ames tests 7] #SH pre-incubation R (14)S
2 AN AR Aol A wololeld HrE 98l
A 0.1 M A EF HF8A(pH 7.2) 0.5mL, 7H WHoldA
H7LE YeliAE 05% S9 mix 0.5mLE zH2t F7sla, of 7)ol
DMSO°] &88k 2+ Fre| 9F3 &e|HEf 50 uL, DMSO 50

Table 2. Genetic characteristics of Salmonella typhimurium TA98, TA100 and TA1535 used in the Salmonella/microsome assay (Ames

test)
Strains Histidine mutation LPSY Repair” R-factor” Mutation characteristics
TA98 hisC3052 rfa AuvrB +R Frame shift
TA100 hisG46 rfa AuvrB +R Base substitution
TA1535 hisD46 rfa AuvrB HRY Base substitution

"The rfa mutation (deep rough character) causes partial loss of the lipopolysaccharide (LPS) barrier that coats the surface of the bacteria.
IThe deletion (A) through character uvrB includes the nitrate reductase (chl) and biotin (bio) gene.

IR-factor plasmid, pKM101, contains the ampicillin resistance factor.

YR-factor plasmid, pKM1002, contains the ampicillin resistance factor.
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Table 3. Inhibitory effect (clear zone diameters in mm) of
ozonized olive oil on the growth of pathogenic strains related to
acne

Dose Clear zone diameter (mm)

(mg/mL) P acnes  S. epidermidis S. aureus P aeruginosa
20 7.7+0.6 53+0.2 5.6+0.5 5.5+0.6
16 6.0+0.8 43+0.1 48+0.2 4.6+0.7
12 53+04 33+0.6 45+0.7 43 £0.5
10 3.0£0.2 3.6+0.1 4.6+0.1 4.7+0.1
8 2.1+0.1 3.1+0.0 45+04 3.9+0.7
6 21+£07 2.7+0.3 3.8+0.3 3.8+0.8
4 21£0.7 3.1+0.8 2.7£0.1 24+04
2 0 2.6+0.1 28+0.3 20+0.2

1 0 2.8+0.2 23+0.2 1.8+0.1
0.5 0 0 1.4+04 1.9+0.2

Values are mean =+ S.D. of four plate (duplicate and two independent
experiments). Bacterial growth was not inhibited by non-ozonized
olive oil (20 mg/mL).

uL, Oxoid nutrient broth No. 20 O/N ®lFAIZ] o vkl (1~2X
10° CFU/mL) 100 uLE &332, 37°ColA 210 pme = 20++7F
71k vioFslsdet. wiekdol 0.5 mM histidine?} bioting $--3+ top
agar 2mLE &3t % minimal glucose agar plate(agar 15g, &
7 930 mL, 50x VB salt 20 mL, 40% glucose 50 mL) ‘gl
T3, B 33T U, 37°ClA 48A17F wi ko] AR &
7 EAM|F(his" revertant colony)e] FE AFEle] HolUA S
W AEE FF 557 plae F 0.025, 0.05, 0.1, 0.25,
0.5, 1.0, 1.5, 2.0, 2.5, 5.0mge] ==F 7 7}8 ). Negative
control(spontaneous revertantys- 91814= A& dfAle] DMSO 100
uL 2 22]HB{E, positive controlE $l8lA = AlE djalel SA,
2-NF, 2-AAS Ho|9e= ARt Z4zte] A2 2ukE 2
plate 4 A5}t

&7 &M (antimicrobial activity) 7t
GEES Yo7)E FA HAE 47T Uigh 2FF) 2B

2 gt H7t 807

o) 784S paper disk method2 7}t A¥= Table 33
2}y P oacnes 2 S, epidermidis, S. aureus, P aeruginosa®| Ul

lo] gaFEAde veRl7] A sEE 242 4, 1, 05, 0.5 my
mLolR A, 4 FA w30 tdk 20 mgmL FEolA L] S #A|
3o 371= zbzb 7.7, 53, 5.6, 5.5 mmelc. 938} | F

=

ol

ol thell S. epidermidis, S. aureus, P aeruginosa= 7¥773¢] &
Adde & 4 ATt Rodrigues 5(10y> 2281 sule}7]4
(A Bioperoxoil®)e] 3.5, 7.0, 10.5 mg/mL &=l ejA] S,
aureus 2 P aeruginosa® ek AdlE&(mm/mg oil, A5 A 2] 3}
o] A& Fo|H tlAIe FAIZl 2FESF o Yo7 Lir
el zHzt 0.62, 05301tk RasilEr], &) 2 B
735 4mgd 8mgmL FEONA ] S auwreusSt P aeruginosa®l
st #s)&- 7H2} 0.62, 0.55% Bioperoxoil'#} 722 Ar=e] &
89S YeERSITE

2FEst 29| aXMd 5=
223} T BRO] FA| #F i HaAE FEE 2
A3 Table 49 722t 34
S MIC, & P acnes, S. awreus, P aeruginosa®l ™3l 2mg/
mL, S. epidermidis®] THal| 4 mg/mLE LERGOH, mAEe] A
So] BAEA LE MIC 5%+ P acnes, S. epidermidis, P
aeruginosa®| W8 8 mg/mL, S aureussll 3l 10 mg/mLE ek
ek MICs 557F 2~10 mg/mLeER=s £ 937+ A3= Bioperox-
oil*e| S. aureus, C. albicans, P aeruginosa, E. coli, S. typhimu-
rium®l thEF MIC7}F 7.0 mg/mLe] 2 tR= Rodrigues 5(10)2] 23,
Oleozon®“2| mycobacteria, staphylococci, streptococci, enterococci,
Pseudomonas, E. coli 5o g MIC7} 0.95~9.5 mgo] vt
Sechi 5(9)¢] Axel Ao A& 3+ Lezeano F(8)
Oleozon™2| methicillindl] thsll 402 WS YER= S awreus
9} S, epidermidis®l e+ MIC, 2 MIC,°] ¥k W= 237-9.5
mg/mL, MIC F%% 187.5~950 mg/mLE}AL WALk w} it

gHolald "It

S. typhimurium TA98, 100, 1535 5ol tgh &8} 22]B-
o] Wo|dAe A% A= Table 59F 7t} S9 mixE #H7hsk
A R AAF A B0 EA L] HolAAE Hrkst A
oA 37EF BT 2,500 ug/platec A Al E5AS LERNA L,

Table 4. MICs determination of ozonized olive oil against pathogenic strains related to acne

Number of CFU

Dose (mg/mL)
P acnes S. epidermidis S. aureus P, aeruginosa
Olive oil (20 mg) 1224 £ 137 1298 + 128 1319+ 85 1178 £45
Azelaic acid (30 pg/mL) 352+ 80 678 + 64 615+ 64 633+ 80
Tetracycline (50 pg/mL) 526+ 77 470+ 25 537+97 570+ 136
10 0 0 0" 0
8 OI) OI) 549 0!1
6 88+ 10 222+9 10+5 130+ 13
S 130+ 10 530+ 11 140 + 23 302+ 13
4 144 +29 675+ 38% 445+ 19 341+ 18
2 575+ 15% 854+ 13 550 % 33% 567+ 112%
1.5 747+ 24 934 + 34 1284 + 205 874+ 16
1 81424 1264 £ 67 1447 £ 127 1241 + 56

Values are mean = S.D. of four plate (duplicate and two independent experiments).

; p pre : pe ; .

'MIC was defined as the lowest concentration at which no visible bacteria growth on the agar medium was observed.
oy gt Y g PO o ;

MIC,, was the minimal concentration inhibiting 50% of visible bacteria growth.
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Table 5. Mutagenicity testing of ozonized olive oil in the Salmonella/ microsome assay

Number of /is” revertant

Dose (ng/plate) TA98 TA100 TA1535

-S9 +S9 +S9 -S9 +89
5,000 13 0 1+1" L £2 0
2,500 0" ob 0:541" 75+24 =gk on
1,500 2743 56+ 11 89+ 11 116 +26 15+£2 12+4
1,000 1242 18+5 64+ 18 116 =18 10+5 18£8
500 15+£5 207 106+ 15 110+ 17 11£1 22:4=7
250 14+3 16+4 11522 12710 14+4 23+4
100 12+£2 15+£3 96 + 4 124+7 14+8 20+4
50 12+4 21+4 91+17 129+ 15 14+6 13+£2
25 15 23£35 90+ 12 122412 11£3 25+8

153 28+5 84+ 16 117+10 11+4 22+4
NC 11 £3 17+4 100+ 18 1154£3 127 20435
PC 423+ 10 314+8 653+55 804 + 39 560 £+ 29 387+2

Values are mean=S.D. of four plate (duplicate and two independent experiments). Dose 0-negative control: 100 ul. DMSO:; NC-negative control:
olive oil (5 mg/plate); PC-positive control: for TA 98/-89, 2-NF (I pg/plate) and TA98/+S9, 2-AA (0.5 pg/plate); for TA100/-S9, SA (1 pg/plate)
and TA100/+89, 2-AA (1 pg/plate); for TA1535/4S9, 2-AA (2.5 pg/plate) and TA1535/+89, 2-AA (2.5 pg/plate).

DToxicity

TA98LS 1,500 pg/plate S=oNA his' BFEAHo]F2] 471 oF 2
Hi 2 Z7lsle] wjekst Holdde VERZIo ), TA1002: TA1535
= 1,500 pg/plate Fx=0|A] Hol 4SS YeRNA] &8kt S9 mix
£ Hrlste] AAg 7H SRl ez A WHoldde H7t
3 Ao TAISZ TAIS35+ 2,500 pg/plate, TA100-> 5,000
ug/platect| 4] AEZEAS eSS, 1,500 pg/plate 5=~ TA9S
& pist BFEDHEolFe] 47t oF 20 e FUlsie] wlekst W
o] QAL YERN O L}, TAI003 TAIS3SE Hold4dS el
A egkt). olAake] AR, Salmonella/microsome assay©l] 1014
2F3) 2 EHE S9 mix] H7F el AdEsle] TAgIA =
1,000 pg/plate ©1ake] ==, TA1003 TA153590141% 1,500 pg/plate

olstel FxEolA his BHEAW|TE 7} F7hekAl sk
olgld A BHL YA 2t FE W9l YoM BAS

Aozl +71 &7 GEHOR Zyheke ATIE WolUy
Purgow AYs] wEe] 0E3 SeHATL SAMC|AY

= YehiA etk 2E AlAlstaL iek(14).

Extra virging 22| 2/l oleic acid7t 8 EX3A|HAES
2 oF 80% $HrEle] Utk ©] oleic acid?] methyl esterd] methyl
oleateZ 2Z313F ozonized methyl oleate®] Ho|A-S H7}sle]
LE3} E2|HAfe] WHoledS AN Ao Table 62 2ot
Ozonized methyl oleate:= negative control(DMSO<} methyl ole-
ate) BT} hist HEAEAMF] F7F FrkekA] %dth S9 mix

Table 6. Mutagenicity testing of ozonized methyl oleate in the Salmonella/microsome assay

Number of revertant

Dose (ng/plate) TA98 TA100 TA1535
-S9 +S9 +S9 -S9 +S9
5,000 10+ 50 58+ 60 0
2,500 16+30 89 +40 0
1,500 1241 0" 116 =20 0" 13+1 0"
1,000 20+ 1 19+3 109+ 13 68+2 16+ 1 13+£2
500 19+2 162 96+ 10 81+3 11+3 14+3
250 18+2 19+3 99 £ 13 973 20+2 13+£2
100 213 13+£2 92 +12 Tl 2 18+3 13:£2
50 15+£3 262 1125 92+2 19+4 18+2
25 19+3 18+3 105+12 76+3 14+£3 14+4
10 19+2 16+3 96 +7 83+2 15+2 14+6
5 19+3 19+3 94 +7 68+3 191 161
0 20+4 22+4 104 +2 91 +£5 2341 19+ 1
NC 21+6 151 104+ 10 90+ 8 [221 12+4
PC 368 +24 335+9 880 +23 980+ 4 677 £20 291+30

Values are mean =+ S.D. of four plate (duplicate and two independent experiments). Dose 0-negative control: 100 pl. DMSO: NC-negative control:
methyl oleate (5 mg/plate); PC-positive control: for TA 98/-S9, 2-NF (1 pg/plate) and TA98/+S9 2-AA (0.5 pg/plate); for TA100/-89, SA (1 pg/
plate) and TA100/+S9, 2-AA (1 pg/plate); for TA1535/4S9, 2-AA (2.5 ngplate) and TA1535/+S9, 2-AA (2.5 pg/plate).

DToxicity
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