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Sterilization Effects of y-ray and Ozone on Microoganisms Contaminated
in Angelica keiskei Powder
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ABSTRACT - For the purpose of improving hygienic quality of health-foods, sterilization ef-
fects of y-ray and ozone on microoganisms associated with food cultured in the media and con-
taminated in Angelica keiskei powder were investigated. Ozone was immersed in water and
sprayed in air, on the concentration of 3 mg liter" at an air flow rate of 5 liter min™. Test strains
cultured in the media completely inhibited by y-ray at irradiation doses of 0.25~2 kGy. In the
case of ozone, test bacteria inactivated after treatment of 10~20 minutes, but test mold, As-
pergillus flavus was not effective. Strains contaminated in Angelica keiskei powder completely in-
hibited by y-ray at irradiation doses of 2.5~7.5 kGy. However, when the powder was sprayed
with ozonized air for 10 hours, Bacillus subtilis and Staphylococcus aureus among five strains

were eliminated.
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Atk(elsl E. coli, S. typhimurium, S. aureus, B. subtilis, A.
flavus). ¥ %]5= S. aureus?} tryptic soy broth(Difco Lab.)2}
agar(Difco Lab.), A. flavus™ potato dextrose agar(Difco
Lab.), =L 9]o} ¢S nutrient broth(Difco Lab.)?} agar
(Difco Lab.)& AMg8}9iL).

| izt sistoel |
MZO) JUME w775 & 7hzbe] Abstujalo] 244)
sl A F ol AS B A 100 mio] 1

Witols HEso] 37CoA] 244170 EIOK(120 rpm)
t}6- &Erel 1 mi& thA] A2 A <)ol 100 mio)
5l /A]7F FEru|okAl A cH 7)o oJokM L% At
o] oM E HEFNS 4°Coll A 1087} 914 321(9,000% g)

3ol @12 7| v8 0.1 M phosphate buffer(pH 6.5)5 23]
A, SaRdele] AT QRAEe I 1010
SMIEXL - A flavus potato dextrose agarol] FHE3}ho]
25°Col A 1~27:7F Al u]aksloict. o]9} o] B AlE VA
F2HE ) 0.1 M phosphate bufferg %A =313] 014
AA, A EE(T000x g)dted HF %%*EFJ}V s
10"~ 107 CFU/mI7} =% & 2" stgu}

‘U F.]

2 A}

LA 0] MIALA 7bEeAd o of ok U B x) &
grall 2.0 miE DAl GIHD1.0x 10 cmyell @31 7hapAd
A} B 5 HEFle W 0.1 M phosphdte buffer2 | % 8]

B Aty zb mj AR MEksl w7l Ho] gl petri dish
off 0.2m(¥ HZE3}to] spreader® rma}m HH2wol A uf
g ol A PEs AT Al ke oA
ot whabd b AR of dEAE ne
WA ER B, GEE F ole] 2 g& FEATIDL
0x10 emjoll 3L Fobd 2Absio] 7|9t —‘% g A
#d9 colonyE AlFahadeh WARY 2ARz A9l 104 G
"Co {}“W ke *}*1 g olgste] £ 715 Gyo] Heks
= .25, 0.5, 1.0, 1-,20 25 kGy 2 3.0 kGy
> 25,5, 7.5 kGy & 10 kGy2| F+d3&

2EXNzZ|

S &3 uli= ozone generator(Omrom H2E-YD, Matsuno,
Corporation, Japan)Z ©]83}% o o] dj 9,] QA% uhal ) o]
5 %1= 3 ppm, £714HE 0.5 kglom, F42 5 Jmin 0]
o} 71 A 0] 9. FH ]}’ Y 0l1M phosphate buffero] &
3] sl of dutelg 7 Ao Rle) 0.2 mY 3 Fotod

1]
spreader £, (20 Th, SEH2) HAGA A

Oh-Jin Kwon, Soon-Youn Park, Kwang-Hoon Kim, Hyun-Ja Lee, Myung-Woo Byun

oEo] HWs) FREoIA 21T WEHES ao 0,
10,20, 308 % 6087+ Hels ¥ HHE 22e] HH L
o4 139 Weetol A& colony: AR, o4
A= 10 mle) 7 dEtolof] 217 © &8 burbbing A7 A
0 HEjE . A 8e HAse) Bl e wHoE
AT Al x| QARAELS A E ] Q&0

2 BAE G2 spo] 4A]7ka A7 ZH2t gt & AE
colony & #3511 ct}.

f

ot ¥ oE

BHQFA|ZHE TPH|E 4]

FAIEFO sk sigAITE A FA S AV
Fig. 13} 2t} S aureus™ vl 6A17F, 199 AldE
10~ 1271 77k 2] *Xﬂz*w] 743 7Aoo ol F F
o} ubsle] E. coli, B. subtilis, S. typhimurium£ vl
167174, S. aureust= vk 32417k ZH2F H 25 Ve
ik

th
N

r1o rir

2ok EAlel &t

FANTTE digh Aepdel daEHs FAR 2y
(Table 1), E. colit= A A A #4547} 6.0x10° CFU/m/
o] ot 0.25 kGydlA 2.5% 10° CFU/mi(99.99 kil)= v}
Eput BFAb Mol thgth Aol ol =tk B subtilis, S.

2

1.61

1.21

0.81

Absorbance at 600 nm

0.41

0

T T

T T L
0 8 16 24 32 40 48
Incubation time(hr)
g. 1. Time-related growth of test bacteria.
W-W:Escherichia coli, &-&:Bacillus subtilis, [-{]:
Salmonella typhimurium, X -X Staphylococcus aureus.
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Table 1. Effects of gamma irradiation on microorganisms in buffer’ (CFU/m! buffer)

Irradiation dose (kGy)
Strains
0 0.25 0.5 1.0 1.5 2.0 2.5 3.0
Escherichia coli 6.0x 10° 25X10° 24x10° 30x10° ! i i i
(99.99) (99.99 (99.99) (100) (100) (100) (100)
Bacillus subsillis 755107 50107 1.8x10"  41x10°  47x10° 48x10°  12x10° 85x10°
(33.33) (76.00) (99.45) (99.94) (99.99) (99.99) (99.99)
Salmonelia typhimurium  $.0% 10° 75x107  42x107  1.0x10°  24x10°  16x10" 25x10°  14x10°
(98.50) (99.16) (99.98) (99.99) (99.99) (99.99) (99.99)
Staphylococcus aureus sex1y X 10" 7.0x100  80x10° 98x10°  21x10' 28x10°  21x10°
(34.62) (73.08) (96.92) (99.62) (99.99) (99.99) (99.99)
Aspergillus flavis soxiy 18X 100 34x10°  29x10°  12x10°  1.0x10' - -
(64.00) (93.20) (99.94) (99.99) (99.99) (100) (100)
‘0.1 M phosphate buffer(pH 6.5)
"Not detected
{ ), Death rates(%)
Table 2. Effects of gaseous ozone' treatment on microorganisms in plate (CFU/plate)
Treating time(min)
Strains
0 5 10 20 30 60

Escherichia coli 359 29(91.92) 8(97.77) 0(100) 0(100) 0(100)

Bacillus subtilis 258 15(94.19) 0(100) 0(100) 0(100) 0(100)

Salmonella typhimurium 308 21(93.18) 0(100) 0(100) 0(100) 0(100)

Staphylococcus aureus 250 21(91.60) 0(100) 0(100) 0(100) 0(100)

Aspergillus flavus 850  248(70.82) 164(80.70) 47(94.47) 26(96.94) 21(97.53)

*Ozonized air with an ozone concentration of 3 mg liter' was sprayed into the microbial plates at an air flow rate of 5 liter min’'

(), Death rates(%)
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Table 3. Effects of gaseous ozone® treatment on mi-

croorganisms in buffer (CFU/m! buffer)

Treating time(min)

Strains
0 10
Escherichia coli 1.8x10°  2.4x10°(99.99)
Bacillus subtilis 1.3x 10" 8.2 10°(99.37)

Saimonella typhimurium  1.5x 10’ 6.4 X 10°(99.93)
Staphylococcus aureus 1.2x107 1.9 10°(98.42)
Aspergillus flavus 4.1x10° 3.8x10°( 7.32)

*‘Ozonized air with an ozone concentration of 3 mg liter' was
bubbled into the 0.1 M phosphate buffer (pH 6.5) at an air
flow rate of 5 liter min

( ), Death rates(%)
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Table 5. Effects of gaseous ozone® treatment on mi-
croorganisms contaminated in Angelica keiskei

powder (CFU/g sample)
Strai Treating time(hours)
trains
0 4 10
78x10°  1.6x10°
Escherichia coli 30x10° 2 6
(99.99) (99.99)
2.0x10° >
Bacillus subtilis 5.2x10°
(99.96) (100)
3.0x10°  5.0x10°
Salmonella typhimurium 2.6 X 107
(88.46) (99.81)
8.0x 10° -
Staphylococcus aureus 6.9x%10°
(99.99) (100)
42x10°  1.6x10°
Aspergillus flavus 1.3x10°
(67.69) (87.69)

‘Ozonized air with an ozone concentration of 3 mg liter”
was sprayed into the sample powder at an air flow rate of 5
liter min”

*Not detected(detection limit 10 CFU/g)

(), Death rates(%)

Table 4. Effects of gamma irradiation on microorganisms contaminated in Angelica keiskei powder (CFU/g sample)
Irradiation dose(kGy)
Strains
0 25 5 7.5 10
Escherichia coli 3.0x 10° -4 (100) - {100) - (100) - (100)
Bacillus subtilis 5.2x10° - (100) - (100) - (100) - (100)
Salmonella typhimurium 2.6x107 3.6x 10%(99.99) 1.8% 10'(99.99) - (100) - (100)
Staphylococcus aureus 6.9x10° - (100} ~ (100 - (100) - (100)
Aspergillus flavus 1.3x10° 4.7x 107%(99.96) - (100) - (100) - (100)

*Not detected(detection limit 10 CFU/g)
(), Death rates(%)

Journal of Food Hygiene and Safety, Vol 11, No. 3



Sterilization Effects of y-ray and Ozone on Microoganisms 225

B A

A7Ez A Fe] s dge g fdopdd e Eo dAERE HFad

keiskei Koidz) 220l 281417 Aok} o] 2 5L 025~

&) A9, AFEE 10~20% N2 BB AR Fgo]Q)
AREY 2EA7) DABSL 25~75 kGye) ZAMMTo 2 ghd3] AgEon o2&

Ls]

RO Y]

n M ED} ol EE M Z(Angelica
ZAMFo R ehiido] st
E7t et

&2 Bacillus

2 kGy#]
Aspergillus flavusollv &

subtilis} Staphylococcus aureusit-2 10A17F H2j 24 B8433} A7)t

10.

11.

. BEE ¥ BN,

. Singh, H.,

A2

. Monk, J. D, L. R. Beuchat, and M. P. Doyle: Irradiation

inactivation of food-borne microorganism, J. Food Prot.,
58, 197-208(1995).

R~ EHRFIFE, New Food In-
dustry, 28, 17-22(1986).

. Belitz, H. D. and Grosch, W. : Food Chemistry, Springer-

Verlag, Berlin, pp. 175(1987).

. Katusin-Razem, B., D. Razem, S. Matic, V. Mihokovic,

N. Kostromin-Soons, and N. Milanovic: Chemical and or-
ganoleptic properties of irradiated dried whole egg and
egg yolk, J. Food Prot., 52, 781-786(1989).

. Poole, S. E.,, G. E. Mitchell, and J. L. Mayze: Low dose

irradiation affects microbiological and sensory quality of
sub-tropical seafood, J. Food Sci., 59, 85-87(1994).

. Thayer, D. W., and G. Boyd: Radiation sensitivity of List-

eria monocytogenes on beef as affected by temperature, J.
Food Sci., 60, 237-240(1995).

. Howard, L. R., G. H. Miller, JR., and A. B. Wagner: Mi-

crobiological, and Chemical, and sensory changes in ir-
radiated pico de Gallo, J. Food Sci., 60, 461-464(1995).

I. George, and K. Mehta: Salmonella and
spoilage bacteria in chicken parts: Irradiation with low en-
ergy electrons, Isotopes and Radiation Technology in In-
dustry, pp. 153-168(1994).

. WHO: Wholesomeness of irradiated food. Report of a

joint FAO/IAEA/WHO export committee on the whole-
someness of irradiated food. Technical Report Series-659,
34(1981).

Ewell, A. W.: Ozone and its application in food preser-
vation, Refring. Eng., 58, 873-975(1950).

Naito S., Okada Y., Sakai T.: Studies on utilisation of o-

zone in food preservation. V. Changes in microflora of o-

16.

&

20.

21.

23. =

BRI o8
. Broadwater, W. T., Hoehn, R. C. and King, P. H.: Sen-

zone-treated cereals, grains, peas, beans and spices dur-

ing storage, J. Jpn. Soc. Food Sci. Technol, 35, 69-
77(1988).
v, edel, Anlal, Avd, deE: eExe 23

TE: OF 3
} L. acidophilu® o) 83} wjZ7)219] &4, sk
#at3]7), 22, 165-174(1993).
5, AEE: AR F5E 93 Ozone M| &
3}, Fharod ok A eksl s %), 20, 483-487(1991).

2o
OFA) 2.
Al

210}
T o

. Kaess, G. and Weidemann, J. F.: Ozone treatment of

chilled beef, J. Food Technol., 3, 325-334(1968).

A AEAelel eZolg(), YE/E, 6 85
91(1993).
Hadden, C. T.: Postirradiation recovery dependent on the

uvr-1 locus in Bacillus subtilis, J. Bacteriol, 128, 317-
324(1976).

Bah O KU R, B, 11, 229-237(1970).

sitivity of three selected bacterial species to ozone, Appl.
Microbiol., 26, 391-393(1973).

S HEARI ] o Eol &N, HEFIE, 6, 84-
94(1993),
Nagashima T.: Study on preservation of vegetables by o-

zone treatment, Korean J. Post-Harvest Sci. Technol.

Agri. Products, 2, 209-223(1995).

WS, 2N, AR, oW E G54l UG M
WSl gy B BTHENA, 24, 592
596(1992).

. Zhao J. and P. M. Cranston: Microbial decontamination

of black pepper by ozone and the effect of the treatment

on volatile oil constituents of the spice, J. Sci. Food

Agric, 68, 11-18(1995).

WEZL AR AR QB AT ARl
A

?3*!7.’1 WA AR 1Al 4 g, gt Al
44 8H3], 10, 45-51(1995).

B dr

oH oz
oz 1l

Journal of Food Hygiene and Safety, Vol. 11, No. 3



