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Abstract

In order to develovpment of new sterilizing method applied to food industry, effects of ozone
treatment on microorganisms, associated with food hygiene were investigated. Microorganisms were
immersed in water and sparged with ozonised air(ozone concentration, 3mg liter™') at an air flow
rate of 5 liter min~',

When organisms were treated with benzoic acid and sorbic acid of 0.4~1.0g/ ¢, respectively, they
were not dectable perfectly. Sodium benzoate had an effect on Penicillium islandicum. When bacteria
were sparged with ozonised air, Pseudomonas aeruginosa completely inhibited at 60 minutes, and the
other strains needs 10~ 20minutes. However, ozone treatment at 60minutes were not as effective in
killing Aspergillus flavus and Penicillium islandicum. Also, all of bacteria were inactivated after

immersed with ozonated water for 10minutes, but two fungal species were not effective.
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Table 1. List of strains for ozone treatment

Escherichia coli ATCC 25922
Bacillus subtilis ATCC 6633
Pseudomonas aeruginosa ATCC 27853
Salmonella typhimurium ATCC 14028
Clostridium per fringenes ATCC 13124
Enterobacter aerogenes ATCC 13048
Vibrio parahaemolyticus ATCC 17802
Staphylococcus aureus ATCC 25923
Aspergillus flavus ATCC 9643
Penicillium islandicum ATCC 10127

AEAFFETHEA A3Y A23(1996)

B x] % siEA

7= AFe] nutrient broth(NB)2 agar
(NAYZ, V. parahaemolyticus= 3% NaCle] #Hz}
7l NBe} NAE, 8. aureust tryptic soy broth
(TSB)$} agar (TSA)E zbzh 885 %ol
+ potato dextrose broth(PDB)#} agar(PDA)
£ Apg3bedch #59 wlekd B subtilis, E
gerogenes, V. parahaemolyticus= 30°C, 129
FFE5L 37°CANA AuoF(120 rpm)shAs A
flavuss} P. islandicum®) F%ole Z7 25°Cs}
37°Ce 4 AFe)ekslaqc). o, C. perfringenest
gaspak jarelA @7)elekstgden BE FFES
50% glycerolel] W52 AstAA AFA] wie} <=
Wiz ol 4] BAEA)A ALEEICh

BE 2| K|

A2 Z4zrel apuiR)el) Anjuerd AL F
Qg A 100meel] 1 HFolE Fste] A
Lo A 24417 wiokgh b, Wil 1méE A=
& AF A 100mee) HEFT 8A17F AuFAlA
7)) odokAlZ S dgdrh o] FofME Ay
< PAR(9,000x g)dte & FAE 9 0.
1M phosphate buffer(pH 6.5)2 23] A&, ¥4
Ba)sle) #HSE ook 9] ¥57} 107~109 CFU
/mf7y Hx®  z=Astgck. A flausst P
islandicum®] Eole 1~257F Apdufeksle] 3
XN XAPTAE Wl 0,1M phosphate buffer3- 4
A aAstn AH, Q9AE=N(7,000xg)ske] A
2AFAE 106~107 CFU/mf7} HEE F5E £
Ao,

otEA2| &t

Ao oera¥ sered 0.1m¢(105~107CFU/
) E 3% BRI} eEEL H71R 10me) o
ARl A ZAAZ F FAL] F4E 660nme
AR EAstd] FHiTE A s=(Minimum
inhibitory concentration, MIC)3 ZAlstd %
o= 2=z} g% FDA Hke] 1 #HFolE
spot & TH%, Z47he) & elA] 3elzk wjekstel A
3 Feke] @y)(m)E ZAEACE oW A7HRE
B&g0 xn:= gorhic acdy 0~30g/+¢%,
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sodium benzoate2} benzoic acidy 0~1.0g/ ¢ &

2o} AHg3 s,

REXM2| Z1}

2 FHz]= ozone generator(Omrom H2E-YD,
Matsuno, Corporation, Japan)& o}4slge o o
we] & wAv)e] FT& 3ppm, F7IEL 05
kg/cm, f-4-& 5¢ /min olgch JHxHte) &)
2] &3 W 0.1 M phosphate buffers] 2:43) 3
AR el 7b HahwA)oll 0.2mé4 A Ea)od
spreader®. T, Zx3) v}e, o £ae] Abx]d)4
LAHE 2Fo] HBY FREA FuF 24}
HEE 0~6027 Aelshade). ztztbel Aw gy
2 HAHLEA 1~3d g g, gE
colony & Alpdle] zARstedc).

detlgolsle] o2 A A 10me) FEH

Ho] ©F& 24 burbbing A]7]" 4] 10827} =
T ¥, AW GHstel 4ols) Be Wyew =
A}stateh.

20 Y D&
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2 F2) BEAZ AMFHE sorbic acid, sodium
benzoate 3 benzaic acid F& AF wle} 2 3
7lsrr) B2 ge] 2= A9 sorbic acid o]
o} A5 Ee0 4 2g /kgrtA], sodium benzoa—
te?} benzoic acid: 7kl 4] 0.6 g /kg7t#] ARR-E
ogle] ¥ APl olF mstye14]
Table 2= Aol w7 <FEAee FIA
benzoic acide MIC zte] 0.4~0.7%, sorbic acid=
MIC 3Fke] 05~1.002 z}z} Jelyton sodium
benzoate2] Zf-ollw #H 1 1.0g/ € 9 BTz
&3t 55l NG AaNasrt vehda) g
stk &= F{14]% Eeoli: 06g/ €9 sodium
benzoatee} 1.0g/ € 2] potassium sorbateol] 4, S.
typhimuriume- 2.0g/ £ 2) potassior sorbates]] 4
2k AgAge] deldtin Esiepelth A
flavuse} P. islandicume) F-gole] thal 0|5 u=

AY & 5 3

A2 &3} Table 3.3 o] A. flavuse benzoic
acid 0.8g/ ¢, sorbic acid 1.0g/ 22 A7z4
FA4o] 233 Ash= o™ sodium benzoatel: 1.
0g/ 29 FeoAx 24134, P islendicum=
benzoic acid?} sodium benzoate= 04~06g/ ¢
4, sarbic acide F715F Ha%xq 05g/ €9
A 2tzh F2]e] A =3k

o]Ae] Avt2 Eu benzoic acid®} sorbic acid
+ 04~10g/¢ Axe] J7IEY ZE v|YEo
443 AT 4 %129 sodium benzoate= Tk
A] P. islandicumsl) W22t &5}z 9)gdch

Table 2. Minimum inhibitory concentration(MIC)"

of chemicals on the bacterial growth
MIC(g/ E_Z
Chemicals Strains?
v ¢ B & P E s

Benzoic 07 0.6

acid

0.7 04 04 07 06 06

Sodium  >1.0% >1.0 >1.0 >1.0 >1.0 >1.0 >1.0 >1.0

benzoate

05 05 05 05

Sarbic 1.0 1.0 05 05
acid
1) MIC means the each fractions extract

concentration level of no growth after cultured
at optimum condition for 24 hours

2) E, Entercbacter Vibrio
parchaemolyticus , C, Clostridiu perfringenes ;
B, Bacillus subtilis ;
s P, Pseudomonas aeruginosa

aerogenes | v,

St, Staphylococcus aureus

E, Escherichia
colt | S, Salmonella typhimurium ‘

3) Means that the tested bacteria were not
inhibited with those concentrations

2TXE| 2o}
el 22¢ Postel 2 wE ZaP 2
F(Table 4), P. ceruginosa= 303 ] Alolm =
F2] Falo] 2+213) A= ¥apon] Z.ele A
TE 10~208-9 A4 A3 Asf=dch
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Bradwater 5{15]& &2 %&r} U3yt
ojade]l =dEd Al wAEe] ApEdche
threshold dose A& R udtol=d] 3 AHPA]
= oo} fakgt Age Jepgaz, & F{16]
30ppme] ©&& qlate)] 1247k o]ak AM=]st
o) A8 FF &L MRk A flovuse}
Table 3. Inhibitory effect of chemicals against

Aspergillus  flavus and Penicillium

Islandicumn
Unit ; Colony diameter(mm)
Chemicals Conc. Stram? .
(g/¢) A flavus P.islandium
Control 0.0 29 9
Benzoic acid 0.2 21 3 .
.04 19 —n
0.6 6 -
6.8 — —
1.0 — —
Sodium 0.2 27 5
benzoate 0.4 24 4
0.6 21 -
0.8 19 —
1.0 18 —
0.5 3 —
Sorbie acid 1.0 — -
1.5 — —
2.0 — —
2.5 — —
3.0 — —
1) No growth

The mold was incubated on potato dextrose agar
medium for 3 days

P. islandicum®) F#ole o2A2 F4 47t
Zasted Wb #e]A)zte] ZeALE viE v A
257t 24E AT 6083 A Aen A3
A=) ek £33, P islendicums= 205 e
77 QEFo] 55.08% = vieh] ¢Ed WiF A
FAo) Egirk ol2d AR TAE FAHE 7
AEo] oiF 4 L&A FEFE ¥ A
A7 F v ZAARE Ze] g g o 5 <l
9l= Nagashima[17]% B. subtilisZ 10¥7+ A
gte] 2.1%9) P2E5 B v} o

et o F2 AA burbbing A7) A
1027y A2k Axt= Table 59 ok P
aeruginosa, A. flavus, P. islandicum |23 =
E FHEe YFo] 1% oWE et E. coli
= 104(99.99% kill) Axe #57t 24 &
Btojo) A 2Fo gt FHpAle] A viebdd A
flavuss} P. islandicum®) +3o]= MFE-80) 90%
olibo. 2 vieht oAz ATV AL ek
Zhao®} Cranston[ 1872 black peppercornsel] &
A7 vAAEE gAY 6.7ppme] FEE 10%
7t & 2)Ee] 103~104 cfu/mée] F+5 o
2|71 Nagashima[17]% 3ppme] ¥ =2 1087}
2lsted E. coli, S. aureus, S. cerevisive 52 o5
2 4T A F

Table 4. Effects of gaseous ozone" treatment on microorganisms in plate

Duration of ozone treatment(min)

Strains

0 5] 10 20 30 60
Escherichia coli 3592 29(8.08) 8(2.23) 0 0 0
Bacillus subtilis 258 15(5.81) 0 0 0 0
Pseudomonas aeruginosa 2,640  814(30.83) 68(2.58) 15(0.57) 4(0.15) 0
Salmonella typhimurium 308 21(6.82) 0 0 0 0
Clostridium per fingenes 680 9(1.32) 0 0 0 0
Entercbacter aerogenes 323 32(9.91) 0 0 0 0
Vibrio parahaemolyticus 135 13(9.63) 0 0 0 0
Staphylococcus aureus 250 21(8.40) 0 0 0 0
Aspergillus flavus 850  248(29.18) 164(19.29) 47(5.53) 26(3.06)  21(2.47)
Penicillium islandicum 256  228(89.06) 160(62.50) 141(55.08) 55(21.48) 14(5.47)

1) Ozonised air with an ozone concentration of 3 mgliter™' was sparged into the microbial plates at an air flow

rate of 5 liter min™'

2) Total cells(CFU/plate)
(), Survival percent
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Table 5. Effects of gaseous ozonel) treatment
on microorganisms in phosphate
buffer

Total cells(CFU/m#)

Omin 10min
1.8x10" 2.4x10°% 0.01)
13x10* 8.2x10% 0.63)
Pseudomonas aeruginosa 1.3x10° 1.0x10% 7.69)
1L5x10° 6.4x10° 0.43)
34 x 10" 24x10' 0.07)
1.6x10° 1.0x107( 0.62)
6.8x10° 1.0x10% 1.47)
1.2x10" 1.9x10% 1.58)
4.1x10° 3.8x10°%92.68)

Strainss

Escherichia coli

Bacillus subtilis

Salmonella typhimurium
Clostridium per fingenes
Enterobacter aerogenes
Vibrio parahaemolyticus
Staphylococcus aureus

Aspergillus flavus

1) Ozonised air with an ozone concentration of 3
' was bubbled into the microbial
phosphate buffer solution at an air flow rate of
5 liter min™!

mg liter”

( ), Survival percent

2 o

AT 43R A48 AR abguby
& U] Sleke) e EAe} AEHADA o
Qe FAel vlXE e sk,

04~1.0g/ ¢ 2] benzoic acide} sorbic acidS
7tzh A7 Aele BB o8] 2 o] $hxls) =)
#=dem  sodium  benzoate:  Penicillium
islandicumel] dshAat E37} glednh. gGaale)
L&A’} AW, Pseudomonas aeruginosa’= 604,
2819 AFE 10~208-2 2o g9 74
o] ks AUz Aspergillus. Sflavuse}
Penicillium islandicum2- 6087t e) 2o g A=
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