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Abstract

To improve hygienic quality of egg, the ozone treatment was applied. Eggs were inoculated with Salmonella Typhimu-
rium, and the inoculated eggs were treated by ozone (38.8 ppm) for 10-30 min. Furthermore, microbiological and chemical
quality changes of eggs were investigated during storage. Initial number of S. Typhimurium of egg shell was 6.18 log CFU/
g and the number was increased during storage (p<0.05). However, those of ozonated samples for 10-30 min were 4.22-5.25
log CFU/g, which was lower than that of the control. Especially, ozone treatment for 30 min achieved about 2 decimal
reductions and the numbers were maintained during storage. Other physical and chemical characteristics of eggs by ozone
treatment, including Haugh unit, yolk color, pHs of egg white and yolk, foaming ability, foam stability and lipid oxidation
development were not different when compared with that of the control. Therefore, ozone treatment is one of the available

methods to improve hygienic quality of eggs.
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Ae5 ARITFOZ2 = Salmonella®l 3§ 7FEE 2

AFsmoR
Salmonella spp. B ©|EZFH FHIg 255 B AHE
o] U3 B 1% 3 o](Gast and Beard, 1992; Jones ef
al., 1995; Schoeni et al., 1995) 4, fo} ¥ =2l 5 HYH
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Yz i} o]n] HlFolAs 2FS GRAS #5032 04
sfar, 29| At EEA 9 2% AA, 7S g
- A< H7HAE 3]8(Khadre er al., 2001)3}3L 1o} <k
02 AF RopINe BEEA BS AL A0 7l
o1 ot o= 2AE AAHFAA eEo] ALgo] 2%
o] 4 ¥iskE Haslshal Aol gl7] wiiEel A=
ALB HTH(Clark e al., 1980). Rodriguez-Romo<®} Yousef
(2005)y= 4ol Salmonella entericas J53i LFES
gk A3} vAdE S B 4 Aok she] Alge
o] eEAEE st 7hsd Ao E AHEEHIUH

mEba B AFoAe AT fAstet A FX1E
g Aol dgko g AltX LAE] 4 Salmonella
Typhimuriume F2A|7] & Wiht7]e9] shiel oF
7k=E Aste] Agetas Al L AH 98 HAE
o] Aol g o]geE EARsIE S35t

NE
B A ASE AR FE SHTE SHE 249
57 ROl AE A 19 RjRke) AlRe T3}

of Abgalsict,

Salmonella Typhimurium Hj2¥

LF Aol o3t Aol FAE mAEY] AA F=E
SA4s17] 918 Kim 5(2010a)2] ol whe} Algke] o
ZF& 70% ethanol®2 At, MZslal A% rackel] &
31 UV lightZ2 2F521%] clean bencholl A 15% &< A
Z g AAEE sk

S. Typhimurium(KCTC 1925)2 250 mL2] nutrient broth
HjR|O A 37°Co| A 20413t F<F WRFSFHA](200 rpm) HY
Atk 1 3 AtE AlFS S Typhimurium ©] Hi<F
= #)2](10" cells/mL, nutrient broth)ol] 1035 59+ =3}

o™ S Typhimurium®] F&H AT 247H rackS 2
%7 UV lightZ 2F5A17]1A] &2 clean benchol| 4] A2
o= I5E & FF dxs

2E X£|

S. Typhimuriumo] F-2Hg Agtel|o] o0& A= <
A7) (Ozone Tech. Co., Korea)S ©]-8&-3to] Algdo] @AX
chamberel] A3t A2J3ttt. Aol 5= 25°CE
319aL At chambertl o] =+ <F 38.8 ppm o0& 3}
o 747} 10, 20 E 303 St Ao 4°Ce] WA
ol A 14Y F<F AAEPAA S Typhimurium 75 =3 2
o|g}el2Ql WslE SAsHAT). oW ZF H2]ste] chamber
o= 6072] AlFS Fol LEAYE e Z4zte] 4
FHZ ) AlRS TR st AEE ARSI

=z}l
=

Salmonella Typhimurium @4 X

2= A3 ADY S Typhimurium TFE ZA8}17]
A3t 0, 3, 7 14 AFE o] FE EElska
stomacher bagoll B 0.9% A& As 63 mL *Zt
7.0 g ¥ #Ast AHY #dsE AlEe 108 54
Ho 2 3]438}3l nutrient agar(Difco laboratories, Livonia,
MD, USA) B S o]83}o] 37°Col|A] 48417 B9t vl
3t & A9l o A8 1 g3 log colony forming unit(log
CFU/g)E YR

ol3tety & &3

o AR ARe) ojstsy FAL 24ab ek
@3} gl o] pH, W3 Haugh unit, Y] foaming
capacity ¥ foaming stability, A|HAHIE=E =430t} =
Gl G8o] pHe Alge] /75 718t 1082 3]
218} & pH meter(model 750P isTec, Seoul, Korea)S A}
43l SAsIM e W33 Haugh unite QCM+
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AFasle 24U o) AE F4E 9 AE
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trichloroacetic acid(TCA) &£§-8-95 Yol A3 33k
U, 90°Ce] 220l 1583F Ix2)e & WA
3,000 rppmoll A 1033 LAEE] ST YRS A5
FENS 34381 531 nmollA T3 =(0.D.)E =3

o7 TBARS 32 Thee] A ojste] skt
TBARS value(mg malondialdehyde/kg) = O.D. x 5.88

SHE|

B Ao 4 Hoj AapB= SPSS 14.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program
2 AMgEtol BT AelEn 44U B ws
+ one-way ANOVAR AF3I1L, 27 s A5
AlEAZE 9O 2 Student-Newman-Keul's multiple range
tests Z-&3to] T4 FAAR] FrelEL a=0.05
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£ 5A3 A= Table 13 2t}

zte] g, do| B2H S Typhimurium 755
6.18 log CFU/go.2 UEPgoL} 10-30% 2& g
7390l 4.22-5.25 log CFU/g 2tz Hlgle] 7
H T5E B Ao 53] 301 o0& AT U=
ol Blgte] oF 2 log cycle AE9| W& d4E Ho @
E AYA F97F gases A2 FRIE = Ak =3
LE AFARIe] STVEeE folH s ftast 7t
she Z0E YERITHp<0.01).

A7I7el e Al dtel] F2HE S Typhimurium
o] Wsts AR gz A9, A7z 5t
6.06-6.70 log CFU/g A& A7t Z7Vdr2 Z7)8t
= Aot Iy 2FE At Afole vz
Hlgle] @F Al A%} vlwste] A 149 5k 79
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Haugh unit &

Haugh unit& A7 7171e] e} o] A BA 7 Q)
o] Alge] A= 2 U F4E Frkele F8 Ax0]
(Joo et al., 2002) FZANE ATl FH A{ F2
U= AREEIL Qlo] Al AsE 3l o HYT
T AAshHA Algke] Haugh unit} 4] Hsls
A3l Ayl= Table 29} 2t}

SFE AHYE A &2 tlE=TS Haugh unit gke] 96.67
olglor QF AFTS 92.97-93.500.F tFtol] H|3}
T e s BAA {29l Aole gle 3=

Table 1. Effects of ozone treatment on the number of S. Typhimurium inoculated on egg shell during storage at 4°C

(Unit : log CFU/g)

. . Storage (d)
Ozonation (min)
0 3 7 14 F-value
Control 6.18+0.04°BD 6.06+0.37°8 6.46+0.19*B 6.70+0.16* 5.603*
10 5.25+0.47° 5.61+0.51% 5.52+0.33° 5.74+0.08° 0.983
20 4.93+0.18° 5.37+0.27° 5.19:0.19° 5.36+0.15° 3.791
30 4.22+0.40° 4.22+0.20° 4.54+0.20° 4.31+0.37° 0.896
F-value 23.309%* 38.398** 34.843%* 70.555%*
DValues with different superscripts within the same column (a-c) and row (A, B) were significantly different.
*p<0.05, **p<0.01
Table 2. Effects of ozone treatment on Haugh unit and egg yolk color in egg during storage at 4°C
Storage (d
Ozonation (min) ge (@
0 7 14 F-value
Control 96.67+13.19 95.63£7.69 99.27+1.00 97.13+7.75 0.095
10 92.97+17.41 96.03+2.30 103.00+8.57 92.87+8.24 0.603
Haugh unit 20 93.50+10.33 99.37+8.33 95.43+0.91 84.50+2.00 2.627
30 93.00+4.195¢ 99.97+4.474P 104.43£2.294 89.57+8.21¢ 4.906*
F-value 0.063 0.389 2.428 1.714
Control 11.67+0.58 11.00£1.00 11.33+£0.58 12.00+0.00%° 1.333
10 11.67£1.15 12.00+0.00 11.00+0.00 11.67+0.58° 1.267
Feg yolk color 20 12.00+1.00 11.3320.58 10.33£1.15 11.3320.58" 1.889
(%) 30 12.00+1.73 12.00+0.00 12.33+1.15 12.67+0.58* 0.262
F-value 0.078 2.250 2.778 3.889%

DValues with different superscripts within the same column (a, b) and row (A-C) were significantly different.

£p<0.05
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Yeh}(p>0.05) £ Aol 2|3t Algke] Haugh unite] A
sh= gle Ao=E ALEHIU.

A7717ke] W2 haugh unit 3] W3S AwEE U
ZT 95.63-99.272 Z7]9} vl folFQl AolE
Holz] ekth(p>0.05). o]9} Zo] x7]|e} & zolE HO|
2] = ol AFAY xrt 9] WEQl Aoz A}
SHATE 2F TS AR 14U 84.50-92.87= X7
o Hlglele tha FAs]e sty tixae vlwd
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F= ot
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ol oJgh 18 Ate] W= §le 2oz 1=
A7t wE dEe] Ml E T 2 2E A
gt 25 F AolE HolA e AS=E YERTh Liu

1
520000)& Al Zele ARSI W dEale] 7
agth sto] uial Al olstel FANE AL
o sl B ARl 0 Ao Hel A%
8 A7 U 2 Aol molx glo} 9.2 % F

A= gl Aoz Ad= AT

pH =t

Ao AskE st A o A2lE & F A
gt ) B Ao} pH WSkE 589 A= Table
39 2t

2F AYshA e txa o] pHE 895 Ao
L2F AYE g AFole 8.68-891% 1‘4174%11 H|3le] oF
7t G2 pHE HIARE {241 Aol RAoZ
EFTHp>0.05). 2777k W o] pH W3l A=
102 S EA AT A 7|3T0] S71FE 21 SV}
IRl e APl Ae oA AlolE HolA| ettt

dglo] A9 txTe] pHE 6.530]90°01 10-302 £
= AYte 747} 645, 635 2 6322 2 g 95}
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Table 3. Effects of ozone treatment on pH of egg white and yolk during storage at 4°C

. . Storage (d)
Ozonation (min)
0 7 14 F-value
Control 8.95+0.09 8.81+0.35 9.04+0.05 9.00+0.05 0.916
10 8.79+0.08"3 8.91+0.09"P 8.89+0.034P 8.95+0.03" 3.840*
Egg white 20 8.91+0.17 8.92+0.03 8.99+0.10 8.88+0.04 0.675
30 8.68+0.07 8.82+0.04 8.89+0.16 8.76+0.22 1.237
F-value 4.012 0.299 1.942 2.609
Control 6.53+0.18 6.29+0.38 6.55+0.20 6.77+0.48 0.423
10 6.45+0.10 6.31+0.09 6.39+0.13 6.62+0.46 0.879
Egg yolk 20 6.35+0.18 6.42+0.04 6.44+0.13 6.60+0.26 1.065
30 6.32+0.09% 6.45+£0.05"P 6.33+0.06° 6.52+0.09" 5.171*
F-value 1.197 2471 1.360 0.257

DValues with different superscripts within the same column (a-c) and row (A, B) were significantly different.

£p<0.05
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Table 4. Effects of ozone treatment on foaming capacity, foaming stability and 2-thiobarbituric acid reactive substances

(TBARS) value of egg white during storage at 4°C

Storage (d)
Ozonation (min)
0 7 14 F-value
Control 30.00+1.73 24.67+1.53 25.00+2.65 29.00+8.72 1.011
. . 10 28.67+0.58 29.33+4.73 24.33+1.53 36.67+11.55 1.984
Foaming capacity 20 24.33+6.66 24.00+1.00 26.33+7.57 35.00+13.08 1.167
(mm) 30 24.67+5.03 24.67+6.66 25.00+3.61 27.33+1.53 0.234
F-value 1332 1.041 0.106 0.643
Control 10.33+1.53%D 5.33+1.53B 5.334+2.318 7.00+2.00"B 4.762%
. - 10 8.33+1.53% 10.00+3.00 5.33+1.15 9.33+4.51 1.545
Foaming stability 20 5.3340.58¢ 6.00£2.00 4.00+2.00 43340.58 1.167
(mm) 30 6.67+1.15%A 6.00+1.734B 3.67+0.58" 4.33+0.58B 4.711%
F-value 8.842%* 2.982 0.838 2.787
Control 0.520.05 0.55+0.11 0.59+0.05 0.60-£0.08 0.510
TBARS value 10 0.54+0.06 0.58+0.06 0.65+0.15 0.59:£0.04 0.510
(g 20 0.55+0.02 0.49£0.01 0.66+0.12 0.56+0.04 2.746
malondialdehyde/g) 30 0.54+0.05 0.570.02 0.54+0.03 0.57+0.06 0.305
F-value 0.255 0.963 0.633 0.180

DValues with different superscripts within the same column (a-c) and row (A, B) were significantly different.

£p<0.05, **p<0.01

Z AYTe 533833 mmE IRTRUE A YERY
LE Ao gt o] AF Fgdo] AT A
717 WE AF P83 Wt e R 27|
o Hlgte] A7I7to] FUWFE ASIHoH oF A
7o) A= A Z o2 dxad v E 2737
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3L

g_l
B o Avkd e A 24k 2 o A
ok Wsl7} glo] & A2} Algke AAEA7IHA
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=
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AN L] A9 YZF-E TBARS o] 052901
2F AYTANAE 0.54-0.5582 2F ETo] thak =4
YERGARE 9421 zfo]7t gle AoE YERH(p>0.05)
Aol ARESH 2F AT sToAe AZLET By
A ot AAF7IZel wE AE b me] o o
7 9 2E AT BT AYH T} vlag wf A7
ZH W felFQl els Holx] e Aoz yeht
(p>0.05) 29| 93t A4 Algl= gle Zo=Z AIREHS

ole] A= FFst] B QF Aol ole] AT
Wzbol| Fabg Ardgte] AS oJAaTrt e
A F48 Hrlsle F2 A3%2 Haugh unit, W31
, e g d3ke} pH, AF 4T 2 AR = 2F
NME T @ 0= AT BF Z 2o} flo] o=
2ol ok Al
g Q] Aoz AlREleH 53] 9F 38.8 ppme]
T2 308 AYA HAE Ao madrt 7P 959 Al
2 AREHA

(Loye 1o

A
S. Typhimuriums F-2HA|Z1 Alghol] @24t
Q1 QEVEEE AEstar At Al A" 98k
n =] Alo] B o]sets SgwstEs SAsITh dix
7o A%, Fzo] B&ZE S Typhimurium 755 6.18
log CFU/g ©.& JERgoL 10-30% & Ag)jie) A%
o= 4.22-525 log CFU/g &2 tiZ7ol Hlsle] 7Aad
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