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Studies on the radiation sensitivity of

food microorganism by high dose irradiation
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SUMMARY

I. Project Title

Studies on the radiation sensitivity of food microorganism by high dose

irradiation

II. Objectives and Important of the Project
-To understand the resistance properties to radiation sources and to
exposure to factors influencing for growth such as Aw, pH, temperature,
and aerobic condition
-To find the appropriate radiation dose and apply this to the food systems
-Finally, to establish the basic technology for the reduction of microbial

food spoilage and food poisoning

III. Scopes and Contents of Project
- In this study, the following tests will be carried out.
e Physiological properties for growth of microorganism will be investigated
e The disinfection effects on microorganisms irradiated by gamma
beam respectively are compared.
e Fstablishment of the radiation sources and optimum doses for irradiation.
e The radiation sensitivity of microorganism by various treatments
including pH, temperature, and aerobic condition.
- Finally, finding of the optimum radiation dose and effective sources for the
spore forming bacteria to improve food preservation and food hygiene will

be performed.

IV. Results of Project

1. Radio resistance of pathogenic microorganism
~-We studied the radio resistance of pathogenic microorganism( Bacillus
cereus, Staphylococcus aureus, Methicillin resistant Staphylococcus
aureus(MRSA) and Escherichia coliO157)in irradiating environments. This

results the number of pathogenic microorganisms at pH(3-10) and salt



concentration(1-15%), temperature(-20, 4 and 25C) and atmospheric
condition decreased by 1 log CFU/ml after irradiation. The Djo-value of
y—-BC and y—SA in the optimum condition was 0.167 and 0.152 kGy, and
these of y~MRSA and y-EC were 0.346 and 0.240 kGy, respectively.

—The initial cell counts of pathogenic microorganisms in culture broth were
slightly decreased as the decrease of pH and the increase of salt
concentration.

-Radiation resistance of pathogenic microorganisms was increased at frozen
State.

2. Effect of y-irradiation on the inactivation pathogenic microorganisms
inoculated into food

The effect of y-irradiation on the inactivation pathogenic microorganisms (
Bacillus cereus, Staphylococcus aureus, Methicillin resistant Staphylococcus
aureus(MRSA) and Escherichia coliO157)inoculated into food(saengsik
,sliced ham, chopped beef) was investigated. Dip-values of these is test
strains in saengsik, sliced ham and chopped beef were 0.597, 0.226 ,0.398
and 0.416 kGy ,respectively.

V. Proposal for Applications

Furthermore, the results of this study gives

1. Establishment of microbial control technology by irradiation of gamma-ray
and electron beam technology.

2. Establishment of optimum radiation levels at various condition of food
microorganism.

3. Establishment of control technology by radiation against
food microorganisms.4.Establishment of methods for the stable ensure of
foods as national energy by application of radiation technology.5

4. Development of food processing technology to protect the food-borne
disease.

5. Development of technology for the quarantine treatment of foodstuffs for

export.

_|\/_
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1878 F59 AFAE st oy, 7|EF5S gistel 53
ZU]&.%%E HI &8 77 F50] 20049 59 F7FE S 7FE QITh(A o) oF ek
7, 2004).

2 odAFolAE T8 wWYd wAEJ]  Bacllus  cereusEs X F5HA
Staphylococcus aureus (MRSA X3}) 2 Escherichia coli O157°] W3] 554
I gokst A 270 w2 AR EAS HE(n vitro)dta, AFA =" (in situ)
el Ao Abd 548 thAl Aldeke] A3Ee] Falel AFs IHE A7st Al7)7)
ek 71Nk S etarat gk
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) A= olm] WHO, FAO, IAEA %
oA Ao HE/SIAS pHoR o

- 1961 : #7)o] B.FHAA IAEA, FAO, WHO7} 3508 ZA2AEe] A
J7bel #gk oA AFARE Hrretr] A Hxo 3ot AP E A, 2870
o] dEm7E A ete] AR EAAAC ek AFAIAE HFrbeta AFE]
sto] 37 A7 FR=A AFZATEHAEALIJECFDE AA 72 319+

- 1969 : =912 Aol A AHE FAO, WHO, IAEA F5dE993 = 54
AEg7EA 2AbeE 242k, E g AR A E S o%ﬂobm.

- 1970 : FAO, IAEA ¥ OECD¥= WHOS9| #dfroll meba A2 E b el o
ato] AW estAl W7ketr] flete] A FERAREOF FAIRAIPFFDE A8 =
247 =0] Al Fholste] 1293 AF7F ASFE AL, BARAES WA

ZAE wjZo Ay ek Edoly Ve A EAl FREHATE ofjulst @
EE S
- 1976 : 54 AZF7HA 2AbE 559 Z2AF ]%(7&4, U ghafof &7] Halv])

o] Aulnte A ANHEHYW JECFL 3 elA FxAoz &71=EYa, 459 FA
A F (%, &, AXg T 2 dAo])o] FAFA R FTLEIS.

- 1980 @ 2912 Adbtel A AHEAGD JECFI= o @2 A5 2 A2 349
Hrtoll mebA Hit 10 kGy(kilogray = #%F rad) 7FHA] WARA S F2ASE oo gt
AFEE SAH FE Ae dovA gow, SA4MAFL o o Havtk gl
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- 1982 : FAO % WHO®|] 8o 9s|A AFnAE=49d3 2
gt3] o] A FAAAAR}S AFALY kel e FAE Al e
S|v= JECFI9] ZAS 1AstdA, AFxA
et AEANS

- 1983 : JECFI®] FXU&-2 2% 0147 <t

= 7179 FAO/WHO F&8d3]dA Ag=dded 5 Ad3ds 5 4 0&
S AWt AYEY] ZAETA LR FFAIH oY, AEFZA o] &= RAMA]
%12 (CODEX GENERAL STANDARD).

- 1984 : 207§=F o]AFo] FAO, WHO, IAEA 3 93&to] 2 F XAl A AR -5
ZA38ke] AR EA A FAwS, A, A D TR B AIGS )
= 3

- 1986 : W= FDA® AWzt A5 3 Addde] webA FAFo] A 47
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HolA Fe@ %A @2 P78 FDAL A% 2 FHre BAXAES
S7FHAI983), olof A AA Y], A, B L WATY 2R DS T
FEEA AGRANANE 2AE] AAYL AN A FEAFGS O

5
7t gioheE H7EE A o, 1980 2] JECFIL] 2E & <319 2.
- 1988 i 9]z AdEeA] FAO, WHO, IAEA % = Au9AlH
(UNCTAD)/GATT dFo=z MAR ZAMAE ok 484, o4 2w
ek AB el oF 8070=e] W FA ko] A F Al thste] Au| ket W
oo die] #st AgES Al

- 1992 : WHOel A= TOCU (Al 2=u] 2kd Hg) o} g5 o= 3+t
e AF7teEA AFARTIE et WA A IHel
FderH o R Y wAETA R Ae EAZE flvkal wxsta g
- 1992 @ ¢kdE AFe] zHE 9% WHOQ #+&(The WHO Golden Rules
for Safe Food Preparation)ell 4] “7}setd Zwpd oz A 4ldetal Wsd
e (e, A7) E destelor @b ghar e S

- 1997 @ 347 ZAbe] #3E WHO/FAO/TAEA(AURE, 1997 9¢€ 15~20Y)
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detar Ades FHew Stk eka TR sd &

- 2001 : 20019 3¢ 12-169 HE"E= do]jzolA 7HEHE Codex 2 2ol A
WHO o3+ FAO/IAEA/WHOZ}F ICGFI Study Group®l Al #|A]gk “oj g gt A&
A= AFE WA AR 2HlE]Ol st JgEtAem HAst =
e FEeE. 3, 2-DCBoll #3 dert ZEHA o ey AR
25 Fdto]l 2-DCB7F v R 87 sl 9al S

- 2002 : 1981l MEE WHO?| WA ZARAES] AT A4 BaA

5

Scientific Committee on Food on a Report on 2-alkylcyclobutanones,
SCF/CS/NF/IRR/26 Add 3 Final, Health & Consumer Protection
Directorate-General, European Commission, July 3, 2002).

- 2002 @ 200291 10¥ WHO/FAO/IAEA &5 H7F f1d3felA AARA7F
2 FAAYFEA7ITY WEF B0 PAH 2ANFY A DY B
A7 Qeka B4 QY L.

- AFel 948E 98 ol 2AY 10 kGy olate] AFATo] v Fahrie

=492 LAl Wol B 9lom oo met HATH FU|AGES 9
A O

o M= WhARA Ht W12 (hospital diets)E 18] A& AS Fi YA Fe=
A<

- AN = AEdE AV|EE He4FE(high-quality  shelf-stable

=<
convenience foods) % 412 3% (ready-to—eat/ready—to—cook foods)e] 7§wute] i1
Aol WA AL o] &5l 9lom, oF AFE duiilE ¥R ol %Zr
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I aetd g AEAYLAH
(Korean collection for type cultures, KCTC) 2 2w e E5 W Aulo] e g

ANX Y43 Bacillus cereus KCTC 1012, Staphylococcus aureus KCTC 1916,
Escherichia coli O157 NCCP 14034, MRSA(methicillin resistant Staphylococcus
aureus)NCCP 122985 A}&33ith. AFgHlAI 2= Tryptic soy broth(TSB, Difco.
Co.)¢} Plate count agar(PCA, Difco. Co.)E& A}-&31%)

(2) WA ZAL

ZrupA A= St AR A3 WAL A 3F8E ] A (Jeongeup, Korea) W A
¥ 111 PBq, Co-60 #vtA ZAAIA  (point source AECL, IR-79, MDS
Nordion International Co. Ltd., Ottawa, ON, Canada)< ©]-&3tc] AlZFd 10
kGyel A=z&=2 z+zh 0, 0.1, 0.3, 0.5, 0.7, 09, 1, 1.5, 2, 25, 3, 4 ¥ 5 kGys &
EFAES AEE . 4% &9l alanine dosimeter (5 mm, Bruker
Instruments, Rheinstetten, Germany)& AF&3}%th. Dosimetry A] =82 =14
AHE 719 (IAEA)S] 40 &8&3t9 R8st § Algstden, & S54%9
LAk 2% oWtk AlEe HAY AlF A7EA 4T skl

(3) WAL A g4 o e mA=e] AdAd H7t

B. cereus KCTC 1012, St. aureus KCTC 1916, E. coli 0157 NCCP 14034,
MRSA (methicillin resistant St. aureus)NCCP 122984 tigt A} Al g4 w2 A
P ARG pH, A%, L%, ALFFPE DGl PAM 2AE AL
pHet @wieol w2 Adde AEsy] st MAE 247 pH 3~10, G5 1~
15%%2 98 Azsdoen, 250 wE A3 HEE WARE ZAA] 225 -20, 4
9 OHEO50)S fAste] AASATh Ed WA B L gol Ak ¥
e zAE ANl AYHS ARAD. o W AP 5 3 FE TSBA 747 3
TColA 24A7E A 23el wjgste] 24} A 271 %S 10°-107 CFU/mL F e



HE ’75}2,\0131 Hj 2= TSB¢} Plate count agar(PCA, Difco. Co.)E AH&3F5it}
A EHig (0.85%, NaCl, 0.1%, Pepton)E& ©]83to] 107 329 <] 3
PCA°] =% 3t 5 37ColA 24 Az vjgs $ AFste] 1 mld log HetdA
@9 (colony forming unit, CFU)Z YeEiT AES 913 HLA5 dHAA= 1
log CFU/ml°] %t}

1~N

WAL vAERQ B cereus KCTC 10129] #vbd #A44S A7 98
of A2 St aureus KCTC 1916, MRSA (methicillin resistant St. aureus)NCCP
12208 = &ehol =, E coli 0157 NCCP 14034 A2 117] T4 &8 o] &alo] 3
FAEE st AFFFE TSB 10 mLel HEFate] 24417 v A 71wl %o
02 mLE FHal MZ2 wl=x] 10 mLoll H3E st 24A17F FoF 2x4# wjkst & 1
HjFel S Aol Abgstlon, A Seto]23 Arn7|vSE 247 10 g¥

7)
PE nylon bagel ¥< oS #4571 10°-10° CFU/g %] I == HZ2540).

11.1 PBq, Co-60 vk FAMAIA S o] &3dto] AZHE 10 kGy°l A &&

0, 0.1, 0.3, 0.5, 0.7, 09, 1, 15, 2, 25, 3, 4,5 2 6 kGy2] + FFA=HS A&
St S % 222 alanine dosimeterE AF-8-3}$th Dosimetry /\]i%ﬂ%
AL 7T (IAEA)S] A0 &85t Ewshst & AL&atd o, =

A= Qak= 2% oW it



3 HAE A

HE & A A8 10 goll B 90 mLE 7Kg o 383 47
(Stomacher, Mark II Lab Blender, Tekmar Teledyne Technologies Inc., Mason,
Ohio, USA)®2 &3} 3 & B. cereus KCTC 1012 B. cereus medium, St
aureus KCTC 1916, MRSA NCCP 12298+ Mannitol salt agar(Difco Co.), E. coli
0157 NCCP 14034 MacConkey sorbitol agarE ©]-&3}lo] 37ColA] 484 7F vl F3t

F YYE Wee ASstel el wek HEshsich

2. A3}

5E
i)

al

7F WAL AL S wE v AEe] A Ht
(1) B. cereus KCTC 1012
34(pH, 95%, 2%, MdAFF)E 2 sl SHAHEEE kA

= O
AR F ARTEE B8 A9E Table 1~4o) theh ek,

o

=

1) pHell w2 A 343
A HHzAA pH 79 AFH ASH5E HEF Al 668 log CFU/mIY o™,
0.1, 0.3, 05 0.7, 09 kGy ZHdoAH= zzt 548 440, 241, 1.77, 161 log
CFU/mle. 2 M&gFZ 7t wpepa] Akt 1 kGy ol dolA = Hete] daH=A
gorow ALEFE Dy value®E 0.167 kGyES YEFATE pH 8914+ Dy value
0.142 kGyE YEFATHTable 1). o= WA ZAF A= AAS3H4 pH HY
1l pH 7 HeloA =& AFdS HEA oz Bt



Table 1. Radiation survival viable cells of B. cereus KCTC 1012 at
altered by pH of medium

Radiation dose(kGy)

pH 0 0.1 0.3 0.5 0.7 0.9 1.0 Dyo value

viable cells (logig CFU/ml)

con (7) 6.68 5.48 4.40 2.41 1.77 1.61 ND" 0.167

6.63 5.53 4.34 2.61 1.65 1.47 ND 0.09

w

4 6.64 5.54 4.15 2.54 1.93 1.47 ND 0.105
5 6.63 5.38 4.44 2.91 1.93 1.1 ND 0.135
6 6.66 4.84 4.08 2.49 1.43 1.12 ND 0.136
8 6.65 4.55 3.89 2.43 1.30 1.16 ND 0.142
9 6.67 4.1 3.50 1.90 1.30 1.00 ND 0.140
10 6.66 4.07 2.84 1.84 1.60 1.00 ND 0.140

Y Viable colony was not detected at detection limit < 10" CFU/ml.

9) Aol W A aHA

v Ao NaCle #7Fete] mjx9] d5Es 1%olA 15%7H# delate] drpa 2
Abe AARE Ay, dEEvb e 1%9 A Asdee 27 663 log
CFU/mI¥ o™ 0.1, 03, 05 0.7, 09 kGyolA+= Z+7 553, 4.34, 261, 1.65,
1.47log CFU/mle] 3L, 1 kGyolA & A53HA ¥3kth. Dy values= 0.164 kGy=
d5 HA7F A &S T Hl=g AFS B, 949 wRUF MEES 15%Y
] Dy value 7} 0.202 kGyZ 71 =2 AIdAS YHelyith 9% 7kl o}
gt Aol S7 ste e ® yEtwth(Table 2).

Ko



Table 2. Radiation survival viable cells of B. cereus KCTC 1012 by NaCl

in medium
Radiation dose(kGy)
NaCl
(%) 0 0.1 0.3 0.5 0.7 0.9 1.0 Do value
viable cells (logio CFU/ml)

0 6.68 5.48 4.40 2.41 1.77 1.61 ND" 0.167
1 6.63 5.53 4.34 2.61 1.65 1.47 ND 0.164
3 6.64 5.54 4.15 2.54 1.93 1.47 ND 0.170
5 6.63 5.38 4.44 2.91 1.93 1.1 ND 0.170
7 6.66 4.84 4.08 2.49 1.43 1.12 ND 0.171
9 6.65 4.55 3.89 2.43 1.30 1.16 ND 0.173
11 6.67 4.1 3.50 1.90 1.30 1.00 ND 0.183
13 6.66 4.07 2.84 1.84 1.60 1.00 ND 0.186
15 6.64 3.17 2.60 1.65 1.30 1.00 ND 0.202

Y Viable colony was not detected at detection limit < 10" CFU/ml.

3) el we AuAy
2N SRS O5(AL), 4, 20CTE FAFEA Pk 2AE AN Gl 4G

S HES Ay, -20CoA A d&ddE S5 7] 667 log CFU/mIS
©1, 0.1, 03, 0.5 0.7 kGyell A= Z+7F 401, 4.11, 3.38, 2.00 log CFU/mIE YE}
Wi, 09 kGy ool ol AFshA &2 o= YEYTh Dy valuew
0.162 kGy=2 A=A s 2 A2(250)Hth B2 A4S BAth(Table 3).

_10_



4) Abaqriol mE ARA

715 AAZ AEHdA ARG dEFd AT A5, 27] 666 log
CFU/mi¥ o™, 0.1, 03, 05, 0.7, 09 kGyelX = z+zt 522, 4.05, 2.39, 191,
1.11 log CFU/mle.2 eI, 1 kGyolAE ASsHA &2dth Dy value:s
0.159 kGy= At&7F gl 7] 2o A WA ZARA] ©2& AdAdES B
tH(Table 4).

Table 3. Radiation survival viable cells of B. cereus KCTC 1012 by

temperature in medium

Radiation dose(kGy)

Temperature
(C) 0 0.1 0.3 0.5 0.7 0.9 1.0 Dyo value
viable cells (logio CFU/ml)
con(RT) 6.68 5.48 4.40 2.41 1.77 1.61 NDV 0.167
4 6.66 5.00 4.05 3.39 3.20 1.11 ND 0.161
=20 6.67 4.95 4.01 3.38 2.00 ND ND 0.162

Y Viable colony was not detected at detection limit < 10" CFU/ml.

_11_



Table 4. Radiation survival viable cells of B. cereus KCTC 1012 by

anaerobic condition in medium

Radiation dose(kGy)

anaerobic

. 0 0.1 0.3 0.5 0.7 0.9 1.0 Dio value
Condition
viable cells (logiy CFU/ml)
con(RT) 6.68 5.48 4.40 2.41 1.77 1.61 NDV 0.167
anaerobic 6.66 5.22 4.05 2.39 1.91 1.11 ND 0.159

Y Viable colony was not detected at detection limit < 10" CFU/ml.

(2) St. aureus KCTC 1916
34 (pH, 9% %, =% AAFHE 28 st STAFHEE fupdoe] %

b

AtEL § s E &% 23 E Table 5~8o HEbA AT

) pHell W& A &7
A HAzAQ pH 79 HMEd ASd3-= HE A 699 log CFU/mIioH,
Ao e Z+z+ 577, 526, 4.17, 2.18, 1.30 log
CFU/lei ﬁ%k%ﬂoﬂ upeba] skl th 1 kGy o] el Al s Fdeho] HAa A
gkom  AFEE Dyy value:x 0.152 kGyE YERWTE pH SolA = Dy value
0.167 kGys YEeldle] 718 =2 AgFE BAtHTable 5). ol WA ZA}
Aol A% pH WA pH 7 WeldA & AFAAES HERd 310z 1l
=
2) A= B A4
Aol NaCls #H7bste] wixe] Asmgd 1%o01A 15%714] 2 ste] b =
AME A AR, AR Be 1% ARE ASdFE 7] 698 log
CFU/mI 2™ 0.1, 0.3, 0.5, 0.7, 0.9 kGyel A= Z+7z} 553, 519, 4.02, 3.41, 2.65
log CFU/mle] %11, 1 kGyol A+ 118 CFU/mlZ YErson, 15 kGyolAdE A
584 ekth Dy value: 0191 kGy2 €S H7b aA && FRU =S Dy
value #2 B, 99 F=7F 7%Y Wl Dy value 7} 0.199 kGy= 7} =2
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AFAAE YRRl o] % F7tE dE ke wel Dy valueZt i s 4
Fo BdowEZH deieol vaF AFAl St aureus’t 1% A= AEE 7t
of utel Aae]l FASIAR 1 oo BReAE st A% Ao
E}TH(Table 6).
Table 5. Radiation survival viable cells of St. aureus KCTC 1916 at
altered by pH of medium
Radiation dose(kGy)
pH 0 0.1 0.3 0.5 0.7 09 1.0 D1 value
viable cells (logiy CFU/ml)
con (7) 6.99 .77 5.26 417 2.18 1.30 ND" 0.152
3 6.93 3.65 1.44 ND ND ND ND 0.076
4 6.99 5.49 4.77 3.44 2.00 ND ND 0.144
5 6.99 5.58 5.23 4.29 1.95 1.30 ND 0.153
6 6.98 5.61 5.24 3.69 2.04 1.39 ND 0.159
8 6.98 491 3.89 241 1.90 1.43 ND 0.167
9 6.99 4.66 3.39 2.30 1.60 1.47 ND 0.147
10 6.98 4.38 3.20 2.11 1.30 1.30 ND 0.147

Y Viable colony was not detected at detection limit < 10' CFU/ml.

3) =k wE A}

FN

AFA]

rfo

L5 2B5(AH2), 4, 20CE FAStAA Fupd =
e AES A3, -20TolA =4 Ad=d Asdas 271 699 log

CFU/mIslem, 0.1, 03, 05 0.7 kGyelA+ z+7F 495, 4.11, 3.38, 2.00 log

oM
N

r
it
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t}. Dy value= 0.163 kGy= Xi%ﬂa]q} AS AT R =& AagAe
Ath.(Table 7).

4) A gol WE A

715 AAZ FEHdA ARG d#Fd ASTEFe] AS, 7] 688 log
CFU/mlI¥ 2™, 0.1, 03, 05, 0.7, 09 kGylX &= Z+zr 555, 518, 4.22, 2.19,
145 log CFU/mle. 2 e, 1 kGydlAE AS3sHA &l Dy values=
0.150 kGy= AbA o wE WA Aghad el xpolE HolA] kth(Table

=
8). o= St aureus’t BRI A EAOA HFEE Aoz Rl
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Table 6. Radiation survival viable cells of St aureus KCTC 1916 by NaCl

in medium
Radiation dose(kGy)
NaC
1 0 0.1 0.3 0.5 0.7 0.9 1.0 15 Dyo value
(%)
viable cells (logjy CFU/ml)

0 6.99 5.77 5.26 417 2.18 1.30 NDV ND 0.152
1 6.98 553 5.19 4.02 3.41 2.65 1.18 ND 0.191
3 6.99 5.49 5.26 4.00 3.33 2.67 1.70 ND 0.197
5 6.99 5.49 5.07 3.93 3.30 2.67 1.68 ND 0.198
7 6.98 5.48 4.99 3.93 3.28 2.65 1.65 ND 0.199
9 6.98 5.44 498 3.90 3.23 2.57 1.51 ND 0.197
11 6.99 5.40 498 3.87 3.22 2.41 1.49 ND 0.196
13 6.98 5.37 497 3.85 3.18 2.34 1.43 ND 0.195
15 6.97 5.10 4.96 3.84 3.13 2.27 1.38 ND 0.195

D Viable colony was not detected at detection limit < 10" CFU/ml.
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Table 7. Radiation survival viable cells of St. aureus KCTC 1916 by

temperature in medium

Radiation dose(kGy)

Temperature
(C) 0 0.1 0.3 0.5 0.7 0.9 1.0 Dy value
viable cells (logiy CFU/ml)
con(RT) 6.99 5.77 5.26 4.17 2.18 1.30 NDV 0.152
4 6.98 5.00 4.05 3.39 3.20 ND ND 0.161
=20 6.99 4.95 4.11 3.38 2.00 ND ND 0.163

Y Viable colony was not detected at detection limit < 10" CFU/ml.

Table 8. Radiation survival viable cells of St aureus KCTC 1916 by

anaerobic condition in medium

Radiation dose(kGy)

anaerobic
. 0 0.1 0.3 0.5 0.7 0.9 1.0 Do value
Condition

viable cells (logiy CFU/ml)
con(RT) 6.99 5.77 5.26 417 2.18 1.30 NDV 0.152
anaerobic 6.98 5.55 5.18 4.22 2.19 1.45 ND 0.150

Y Viable colony was not detected at detection limit < 10! CFU/ml.
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(3) MRSA NCCP 12298
AAMH, A5E, S, A2HT)E de) sho] FRABER gArpido] =

Abel § ASwE #Rle 23S Table 5~8 WERR AT

1) pHell w& A 373

pH 7oA 9] Mzl ST+ 7|0+ 7.27 log CFU/mIE XA o, 0.1, 0.3,
05, 0.7, 0.9, 1, 1.5 kGyolA = Z+7Z+ 711, 590, 569, 504, 4.74, 4.47, 2.7 log
CFU/mlE vErllar, 2 kGyoll A= 1.60 log CFU/mIE 2.9t} -, Dy value:®
035 kGy= ¥Rk S. aureus©l Hl&] Wl =2 AFAHES 2= Aoz YE
pH 8olA = 034302 =2 AJHdS BAAT pH 744 7Hd =& AFAEE
et ol St oaureus KCTC 19162] 749 pH 804 Hdl AIgAdS B
I AR A2 FHA S pHAlA Ho ARAES HEA Ae= Bt
(Table 9).

rO
o)

A% me A7

iAol NaCle #7hste] wix]e] de=s 1%00A4 16%7H4 dejate] rbd =
AHE AARE A, AeRrh P we 1%9 A ASiteE

724 log CFU/mIZi o™ 0.1, 0.3, 05, 0.7, 0.9, 1, 1.5 kGyel A& Zt7F 7.11. 590,
569, 504, 474, 447, 270 log CFU/ml& YetRi, 2 kGyolA= 160 log
CFU/mlE ®3lom, 25 kGydllM= A58A dkrh ol Dy value= 0.350
kGy2 9= F7behA @& Ao Als da =& Adds He o, o
F 3~13% WA= 5%00M Aol 7P stokar 13%744 g7t 57kl
uhel A S7bske A¥de Btk 2y 15% dE koAM= Dy valuegtol
022 kGy® 7F¢ ¥ AFES Bol B2 demdA A Abd i3 w2
#5745 B TH(Table 10).
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Table 9. Radiation survival viable cells of MRSA NCCP12298 at altered by

pH of medium

Radiation dose(kGy)

pH 0 0.1 0.3 05 0.7 0.9 1.0 15 2.0 Dro
value
viable cells (logig CFU/ml)

con (7) 727 695 607 565 410 387 360 233 130 0346
3 7.24 4.96 3.54 1.89 ND" ND ND ND ND 0.104
4 726 567 477 369 260 198 130 ND ND 0213
5 728 695 607 549 400 378 323 213 ND 0279
6 728 690 604 549 400 380 349 220 ND 0282
8 725 684 600 546 404 381 359 225 100 0343
9 724 610 484 454 374 349 316 236 ND 0319
10 727 607 468 423 369 325 217 317 ND 0318

Y Viable colony was not detected at detection limit < 10" CFU/ml.
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Table 10. Radiation survival viable cells of MRSA NCCP 12298 by NaCl

in medium

Radiation dose(kGy)

NaCl D1o
0.1 0.3 0.5 0.7 0.9 1.0 15 2.0
(%) value

viable cells (logio CFU/ml)

0 727 6.95 6.07 5.65 4.10 3.87 3.60 2.38 1.30 0.346

1 724 711 5.90 5.69 504 474 447 270 160 0350
3 727  7.04 5.90 5.48 4.68 4.60 438 267 ND"  0.299
5 726  6.90 547 527 441 421 366 261 ND 029

7 7.28 6.74 5.49 4.60 4.27 417 3.43 2.59 ND 0.299

9 7.25 6.67 5.32 4.49 417 3.30 3.21 2.32 ND 0.300

11 7.24 6.44 517 4.46 3.73 3.25 2.79 225 ND 0.303

13 727 6.18 5.11 4.34 3.69 2.95 2.72 2.18 ND 0.307

15 7.28 6.15 4.90 4.04 3.43 2.65 2.32 218 ND 0.22

Y Viable colony was not detected at detection limit < 10" CFU/ml.
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ZAA 2EE AR(250), 4, 20CE FAGEA #Avukd zALE AASH]
AGARE HAES A3 -20CoNA FAS A= ASHd4-= 27 727 log
CFU/mI¥ o™, 01, 0.3, 05 0.7, 09, 1.0, 1.5 kGy°lx+= 2+7F 6.82, 579,
525, 4.03, 3.70, 3.29, 225 log CFU/mI= uWEelTE 2 kGyolA+= 1 log
CFU/mIE XAt} Dy valuerx 0.343 kGy 2 A 2o]A ZALs A9 & A
o]5 Holx] o 4T 22E5 FASHA FAF 3 9 Dy values
029602 & AaAds ®HAtH(Table 11).

°
T
4

4) Aba el wE A»A

T8 AAG dHol A ZARS A S 5o A 752 log CFU/mI
gow 01, 0.3, 05 0.7, 0.9, 1.0, 1.5 kGyollA+= 27+ 7.26, 664, 6.08, 591,
451, 4.45, 2.89 log CFU/mI= YEpstth Ee 2 kGydl A+ 2 log CFU/mlS
Ebutth 38, Dy values 0337 kGy2 Ui 2& S yedoza
27F e FUIERACAAE AR Aol tha welx= AgES Ko
Staureus KCTC 19169 A5-Hut= F7]|xHoA okt =2 A&
Ao ® FEAtH(Table 12).

fl

2
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Table 11. Radiation survival viable cells of MRSA NCCP 12298 by

temperature in medium

Radiation dose(kGy)

Temperature Dio
) . . . . . . ) value

viable cells (logio CFU/ml)

con(RT) 727  6.95 6.07  5.65 410 3.87 3.60 2.38 1.30 0.346

4 727 660 587 507 393 347 336 254 ND" 0.29%

-20 727  6.82 5.79 5.25 4.03 3.70 3.29 225 1 0.343

Y Viable colony was not detected at detection limit < 10" CFU/ml.

Table 12. Radiation survival viable cells of MRSA NCCP 12298 by

anaerobic condition in medium

Radiation dose(kGy)

anaerobic B Dio
0 0.1 0.3 05 0.7 0.9 1.0 15 2.0 25

Condition value

viable cells (logyy CFU/ml)

410 387 360 233 130 ND-" 0346

o
foN
a1

con(RT) 727 695 6.07

anaerobic 752 726 664 6.08 591 451 445 2.89 2 ND  0.337

U Viable colony was not detected at detection limit < 10" CFU/mL.
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(4) E.coli O157 NCCP 14034
§Uﬂ(pH JFre, 25, 227 & 3o &
e & ASHFFE #9213 Z3E Table 9~120] YeER AT}
1) pHell w2 A&
= 7)o & 6.38 log CFU/mIgie™, 0.1, 0.3, 05
1. o

ﬁzllt az

pH 7oA o] Hefd A
0.7, 0.90 kGydl A= 77t 553, 4.60, 4.40, 3.32, 2.83 log CFU/mlo.2 HA] A&

O BESE 1 kGyol A= 1.60 log CFU/mlZ YERY AL, Dy
=2 A

=7kl wel A
value:= 0.240 kGy it ol&= Al@3 A pH 3F FolAl 71 Aol =2
% A5 o] 7HAse ) (Table 13).

Hgom pH 7HY UAY =&555
Table 13. Radiation survival viable cells of E.coli O157 NCCP 14034 at altered

by pH of medium
Radiation dose(kGy)

0.7 0.9 1.0 D1y value

0.1 0.3 0.5

pH

viable cells (logio CFU/ml)

4.40 B3 2.88 1.60 0.240

con (7) 6.38 5.54 4.60
6.36 4.45 3.11 1.30 ND" ND ND 0.115
6.36 5.80 4.47 2.88 211 ND ND 0.157
6.36 5.82 4.90 3.38 1.90 ND
6.32 5.93 4.70 3.66 2.73 1.84 1.40
6.34 5.92 447 3.52 2.34 1.82 1.30
6.34 5.60 4.40 3.50 2.36 1.77
10 6.32 4.84 418 3.25 1.60 ND ND

Y Viable colony was not detected at detection limit < 100 CFU/ml
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)F=el mE A

w2l ol NaClS #7bste] wjx1e] A5 =S 1%olA 15%7A Gelste] zvpd =
AVE AAE A dEEVE M 9 1% AdEE ASTsE AvEd 27
6.36 log CFU/mIsi 2™, 0.1, 0.3, 05 0.7, 0.9 kGyolX & Z+7F 553. 453, 4.14,
319, 2.69 log CFU/mlE YWEerW L, 1 kGyolAl+&= 153 log CFU/mlE HEAth =
3 o] W Dy valuex 0235 kGy2 IS #A7} 844 @& FHTF ohh e 7S

Ak A9

2
UELATH o]% ds=rt FUHE mEl Aol At AFE B
TE7F M = 16% A A= Dy valueako] 0.207 kGy= Al g

7HE w2 A S Bt (Table 14).

2

L
e
=2
X

Table 14. Radiation survival viable cells of E.coli O157 NCCP 14034 by

NaCl in medium

Radiation dose(kGy)

NaCl _ ~
o) 0 01 03 05 07 09 10 15 Dy value
viable cells (logiy CFU/ml)

0 6.38 554 4.60 4.40 3.32 2.88 160 NDV 0.242
1 6.36 5.53 4.53 4.14 3.19 2.69 158 ND 0.235
3 6.35 5.17 4.32 3.74 3.07 2.64 1.38 ND 0.239
5 6.35 5.14 4.25 3.63 3.04 2.46 1.38 ND 0.236
7 6.32 5.07 4.20 3.56 2.99 2.39 1.32 ND 0.236
9 6.34 5.04 4.17 3.56 2.74 2.30 1.32 ND 0.231
11 6.33 5.00 4.04 3.53 2.61 2.23 1.23 ND 0.227
13 6.32 5.00 4.04 3.14 2.43 217 1.11 ND 0.221
15 6.38 4.99 3.89 2.83 217 1.75 1.00 ND 0.207

Y Viable colony was not detected at detection limit < 10" CFU/ml.
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A Al 2EE A2(25TC), 4, 20CE FA3EA ek Z=AME A A S
AGAE HAES A3, ATAdA A A28 Asdss 27] 634 log
CFU/mI¥l 2™, 0.1, 03, 05, 0.7, 0.9 kGydl A= 72} 5.00, 4.17, 3.55, 2.741,
2.31 log CFU/mIZ YErsth 3 1 kGyol A+ 1.30 log CFU/ml &2 U}E}
Wl 33, Dy valuers 0230 kGy= Ao Hwc}h o7k v Ao}, &
Sk 20T oAl ZAFSE 779] Dy value= 0.239 kGy= A=A 9] 792} LA
A& el T (Table 15).

Table 15. Radiation survival viable cells of E.coli O157 NCCP 14034 by

temperature in medium

Radiation dose(kGy)

Temperature

i 0 0.1 0.3 0.5 0.7 0.9 1.0 Dyo value
(C)
viable cells (logip CFU/ml)
con(RT) 6.38 5.54 4.60 4.40 3.32 2.88 1.60 0.240
4 6.34 5.00 417 3.55 2.74 2.31 1.30 0.23
-20 6.35 5.17 4.30 3.75 3.07 2.65 1.35 0.239

4) Abaqriel e A
715 AAS FHdA A AdedE ST 27 6.35 log CFU/mISA
ow 01, 0.3, 05 0.7, 09 kGyolA+ Z+Zt 552, 455, 4.13, 3.17, 2.65 log
CFU/mIE YEWla, 1 kGyoll A= 150 log CFU/mle & e Y Dy value
E 0234 kGyE tUA e #3S YElAA N A2 F57F AR A
of ZA FEFEs FA FE AoE AR H(Table 16).
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Table 16. Radiation survival viable cells of E.coli O157 NCCP 14034 by

anaerobic condition in medium

Radiation dose(kGy)

anaerobic

. 0 0.1 0.3 0.5 0.7 0.9 1.0 Dy value
Condition
viable cells (logiy CFU/ml)
con(RT) 6.38 5.54 4.60 4.40 3.32 2.88 1.60  0.240
anaerobic 6.36 5.53 4.53 4.14 3.19 2.69 1.53 0.235
U A EA 2SR A Y AR P e Bt

Bl B cereuss HFI 5 WA #Aedes AU WA Ay &
T= HAFT F 0-3 kGy7HA 2Absto] A A= Table 179 24 B

cereuss AA o HEFIS W ZV|HFEE 667 Log CFU/gE UEoH 2
kGy®E ZAFSHA S W= 260 log CFU/go 2 Fastith. B3k 3 kGy=E ZALS
Re AFels dol AEHA FUTh o] AHE EvE st Ao e dH B
cereus® FviA THAS =S=AHE A 0597 kGyo & UERLE 2] E A ~E o A

B. cereus®] Zvhidol Wik Aol Ag Aew e

Seto] =] Stoaureus 9F MRSA HE3g 5 WAMd A4S SAsHATh
3

WA gebolzdgel F #7E WEE F 0~3 Ky 2ASHe] dEw A

Table 187 #th S aureusEs <tol=do] HF3IAS w, 27|55 6.82
Log CFU/g= Yelykom 1 kGy=E ZASEA S W 1.60 log CFU/glo 2 743}

Aok 15 kGy ol FAMS wli= Ho] BFH A okt MRSAS A%, %
7] #5792 log CFU/gell A 2 kGy= ZAFslS ® 1.60 log CFU/go =
retaion 3 kGyE ZANSIAS A9 o] HEEA @gokth o] AvE By
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82 sto], Sefoladlel] e d¥ St oaureus$t MRSA® #wbd eAds SA %

A3 St aureus 2 MRSAE 7247} 0.226 2 0.398 kGyo 2 yE} MRSA7ZE ¢
HE St aureus©l BlE] febde)] oigk Wiide] A4 ek Ao R e

Table 17. Effects of gamma irradiation on the growth of B. cereus Iin

Saengsik
Radiation dose(kGy)
Microorganisms 0 0.5 1.0 15 2.0 2.5 3.0 Dy value
viable cells (logig CFU/ml)
B. cereus 6.97 492 3.34 2.48 2.60 1.67 ND' 0.597

Y Viable colony was not detected at detection limit < 10" CFU/ml.

Table 18. Effects of gamma irradiation on the growth of
MRSA in sliced ham

St. aureus and

Radiation dose(kGy)

Microorganisms 0 01 03 0.

al
(=)
g
(=)
©
—
(e}
—_
ol
DO
()
DO
a1

3 Djo value

viable cells (logip CFU/ml)

St.aureus 6.82 548 472 383 257 190 160 ND” ND ND ND 0.226

MRSA 792 768 632 579 364 332 320 274 160 1 ND 0.398

U Viable colony was not detected at detection limit < 10' CFU/ml.

_26_



(4) A2a7] dASS ol &3 4A 7t

A7l Kol E coli 01575 HET §F WA A4S SAA
WA Ak P& dFE JESF F 0-~3 | 2
£ Table 199} 2t} E coli 01578 237 G HFa9S o 2745
£ 6.34 Log CFU/gi el on, 2 kGy2 2AFE S W= 1.60 log CFU/g2

E AFaeioinh. B 25 kGyE 2ANESS Arels del dEHA St ol
Avs EQE 39 AAx1u7] A ] S HdHE E coli 01579 vt A S
=H8 A7 0416 kGyo & e} AFZA 2" A E coli 01579 7ulAde] o
st Agdol st o=z Yebgth Thayer (19952 Hid Harld S

Typhimuriums H&3 & Zupd 238 A3} 3 kGy=Z 2AHAS 4% 6 log
cycle?] FAAAE HATI B om, Yook S(1998)2 5o 29AZ
Mgt o] WAL 548 E coli, S. Typhimurium, Vibrio parahaemolyticus,
S. aureus ¥ L. monocytogenes= 2YZ} 0.32, 0.54, 061, 044 ¥ 037 kGy= 4
ettt B askdth Kim 5(1998)2 B. cereus % B. subtilis®] Dy valuesi
0.63 ¥ 059 kGy#tar B39 e, Thayer 5(1994)2 B. cereus® endospore
of tidt Dy a2 237]oA] 278 kGy, AHZoA 190 kGy Z =] A 3L7] el A
278 kGyE YElWthal ®ag v 9l

Table 19. Effects of gamma irradiation on the growth of E.coli O157 in
chopped beef

Radiation dose(kGy)

Microorganisms 0 0.1 0.3 0.5 0.7 0.9 1.0 15 2.0 25  Dio value

viable cells (logyy CFU/ml)

E.coli O157 634 591 534 475 432 400 364 248 160 ND" 0.416

Y Viable colony was not detected at detection limit < 10" CFU/mL.
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