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Effects of Gamma Irradiation on the Shelf Stability of
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Abstract

The effects of gamma irradiation to improve the hygienic quality and microbiological shelf stability of whole baked egg
were investigated by comparison with autoclaving process The contammatlon levels of coliform, total aerobic bacteria and
fungal group in a fresh egg were 10° CFUJg, 10° CFUJg and 10' CFU/g, respectively. After baking process, total aerobic
bacteria and fungi were not exceeded to 10* CFU/g. Also, coliform was not detected under the aseptlc process. However, cell
counts of the baked egg after packaging reached to 10" CFUJg of total aerobic bacteria, 10' CFU/g of coliform, and 10°
CFU/g of fungi. Therefore, it was assumed that microbial contamination of baked and packaged egg was mainly originated
from an environmental uptake during packaging process. Microbiological shelf stability of the non sterilized control was about
a week. Whereas, the baked eggs irradiated at more than 5 kGy were stable over 12 weeks at ambient condition as like
those being autoclaved. Analytical texture profile was stable within 10 kGy, but it became hardened in the sample treated
with autoclaving. About 67% of panelists identified a sensory difference between non-irradiated and 10 kGy-irradiated sample.
The baked egg irradiated at 10 kGy and autoclaved had lower acceptability than the control or samples irradiated lower
than 5 kGy. Therefore, it was considered that optimal irradiation dose for radiation sterilization of baked and packaged egg
was 5 kGy. At that point, it was recommended that appropriate microbiological shelf-life was 12 weeks at ambient condition.
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Fig. 1. Distribution of total aerobic bacteria, coliform and
fungi in the whole baked egg during preparation process.
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Fig. 2. Growth of total aerobic bacteria in gamma irradiated
and autoclaved whole baked egg during storage at 25T for
12 weeks,

BFARE A e 2T B¢ BE1F 310
CFUjg, BE 25 %] 10° CFUjg $&71A] kol 54
gk 7S 74}%}9— 10°~10° CFU/ge] QutAlF YUEdA
gBHel RuiAL YAt duAFe F2 iz
2t AERN 2423 3 ¥k HUAT 1 4Gy
of opdg ZAWE AlgE el Al 9fdte] 107
CFUjg $%08 QU7 257} 2asdey e 7%
9] ZAzjo] uhe} vl WAFAN BE 34T AF 10°
CFUlg 30 =238t 2aast Bt Aog Yyegn &



T A b z2Ab) we ngEsd #5213 43 397

>

old FAMAEFS Frte wel B3 7lEd meshe AR
Azl A3 o] 2 kGy A AlBE oF 5F HF, 3 kGy A}
ABE 1057 AR BEo] 7153 AoE AREHILH,
&9, 5 kGy o|4te] #Arhag AR Alget 12 Vs
A E 3 Age 2% BEV A Jox dubbo]
AEHA st

T AT Avkd AEAE R 22AgETE My &
RE7|Zb) wE Fgole] HAAMsIE Fig. 39 UEhUTH
gzl A 100 CFUg 4528 X3 FFole 1 kGy
Zrabd 2 o)A 10' CFUg ©2, 23 kGysl & 10° CFUJg
o2 7Z+ASIT URT AEs BFE 3F T 104 CRUg

Z71%) BFol7} 2AsgoH 10°~10° CFU/ge] F3o] 2
SOl FFole Aol Ho T FAF ATt o FFol

o e dRE AR 71 PoelA BFHUL 1 kGy
o upde ZARE AlgE Zubd FAb] eldke] 101
CFUg $508 F%o] Bxrt Zasidod BE 713
Aol g} BE 63 AT 10° CFUg F30 £28]
Tl A} KGo AT Frd 2AMIFe] B
Zholl wha} Faf 7)Ee] =Rk A2 Ak dFHA 2
kGy ZA ARE o 65 BF, 3 kGy A AlBE 95 AT
A BEe] e ez AlaHUth &4, 5 kGy o4
o Zopdg ZAG Algs e ZMgAT As @ A8
T 279 REVZ AH FAR Folt AEHA Bt
Tt FAHGSE ¢ 7 AT gt ekd 2
2 o]43 F& A vAdE dddE 5 kGy o3
o] 488 AR ARHUS

>~
Rad

6 ~
—
o
-
i
4
O
o
o
=
L]
8 ~O-Contro!
= 2r ~&— 1 kGy
e} ——2kGy
[d —8-3 kGy
LE -8 5kGy
—a—Autoclave
0 ~ 5 —f— ]
0 3 6 9 12

Storage time (weeks)

Fig. 3. Growth of fungi in gamma irradiated and autoclaved
whole baked egg during storage at 25T for 12 weeks.
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Table 1. Effects of gamma irradiation and autoclaving
treatment on the texture profile of whole baked egg

Max foree of shear Total work of shearing

Sample (Nfmm) (Njmms)
Control 0.143 + 0031° 0463 + 0052
1 kGy 0.135 + 0.033 0470 + 0047
2 kGy 0.138 £ 0011° 0465 + 0.046°
If;"ljt‘i‘in 3 kGy 0.147 + 004" 0505 + 0.055°
5 kGy 0.139 + 0026’ 0425 + 0,063
10 kGy 0.148 = 0018 0481 + 0.040°
Autoclaving 0.191 + 0.035" 0672 + 0.068°

“* Different letters within the same column differ significantly

(p<0.03).
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Table 2. The effect of gamma irradiation and autoclaving
treatment on the sensory characteristics of whole baked egg

. Samples vs control
Same-difference test -
3kGy 5kGy 10 kGy autoclaving
Comrect  (No. of panels) 9 8 16 R
Incarrect  (No. of panels) 15 16 8 2
Samples
Acceptance test .
Control 3 kGy 5kGy 10 kGy autoclaving
Color 3.58 367 346 363 342
Flavor 404 413" 3.92° 3.59° 3.96'
Texture 379 383 31 367 317
Taste 39 396 383" 338 3504

** Different letters within the same row differ significantly (p<0.05).

U T AT EYHFTE FHE A

= ooy ojAE A
v wsho] AE
FE 45718 FRE A% A7 7ES
*é@s}%v}. PE PJRM] 2l X FE APy e
SATE YHIAF >10° CFUfg, YA+ <10' CFUjg, &%
o] XA >10° CFUjg Foler] yiie] v4ge AE
FARA A 221 L o3l e PFE AR HH
ek A E oA g dRTe HEAGL A2 1
T4 olatgon 121ToIA 15 ¥2F st 27t
AEF 5 kGy oY AvAE A AFL v|AESH
o7 Aeda 34Y oldd #EVIFE FrIYT 10
kGy olste] zmtdd xAle 7& Ay 71AF E4 9
&S XA oy it AR FEARE =
Ho) gasiAe A% etk #5597t 4 5 kGy
olale] Zulde ZAMg T AP ETe FAHA 2}
ol el ¥%out 10 kGyd] HuPAE A A8 &
3t gholA, 127t AlEE AN td e Al
35S YehSich ojde ARz £ AT FE A7
T5E A% A =AY 5 kGyrh F9eEe 85718
e 37090 AAE Aoz HriE ATk

Jo =
i
FPrl
r
0_4.4
M

2ol 2

B a7e Berlend 4249 d7alel osjel
FRIRon 1 A A=A

ll’.'-

— B
Ei.j

L FEF (2003 AR BE MASY 355, p23

10.

11.

12.

13.

14.

AAS (1995) Wbl Rk dddA, 9,
58-62
. Hmmack, T.S., Sherrod, P.S., Bruce, VR, June, GA,

Satchell, FB. and Andrews, WH. (1993) Growth of
Salmonella enteritidis in grade A eggs during prolonged
storage. Poult. Sci., 72, 373-377

. Theron, H., Venter, P. and Lues, J.FR. (2003) Bacterial

growth on chicken eggs in various storage environments.
Food Research International, 36, 969-975

. Jang, KI, Park, JH. and Kim, K.Y. (1999) Studies on

Samonella enteritidis contamination in chicken egg using
confosal scanning laser microscopy. Korean J. Food Sci.
Technol., 31, 771-777

. Jones, F.T., Rives, D.V. and Carey, JB. (1995) Salmonella

contamination in commercial eggs and an egg production
facility. Poult. Sco., 74, 753-757

Gast, RK. and Beard, CW. (1992) Detection and
enumeration of Salmonella enterotidis in fresh and stored
egg laid by experimentally infected hens. J. Food Prot,
55, 152-156

. Lee, SH, No, HK. and Jeong, Y.H. (1996) Effect of

chitosan coating on quality of egg during storage (in
Korea). J. Korean Soc. Food Nutr., 25, 288-293

. Kim, JW., Kim, HC. and Hur JW. (1998) Quality

changes of egg products during storage. Korean J. Food
Sci. Technol., 30, 1480-1483

FAQ/IAEA/WHO Study Group. (1999). High-dose irradiation:
Wholesomeness of food irradiated with doses above 10
kGy. In WHO technical report series 890. World Health
Organization, Geneva. p.49-77

Byun, M.\W. (1997). Application and aspect of imadiation
technology in food industry. Food Science and Industry,
30, 89-100.

Grant, LR. and Patterson, M.F. (1992) Sensitivity of
foodborne pathogens to irradiation in the components of a
chilled ready meal. Food Microbiology, 9, 95-103

Thayer, D.W. (1994) Wholesomeness of irradiated foods.
Food Technol., 48, 58-67

Kim, M.J., Lee, LW, Yook, HS, Lee, S.Y., Kim, M.C.
and Byun, MW. (2002) Changes in the antigenic and
immunoglobulin E-binding properties of hen’s egg albumin
with the combination of heat and gamma radiation
treatment. J. Food Prot.. 65. 1192-1195



15.

16.

17.

18.

19.

TE AR Fehd ZA) B VA {5718 43

Lee, JW, Lee, K.Y, Yook, HS, Lee, S.Y., Kim, HY.
and Byun, MW. (2002) Allergenicity of hen’s ovomucoid
gamma-irradiated and heated under different pH conditions.
J. Food Prot., 65, 1196-1199

Kim, DH,, Song, HP,, Kim, JK., Kim, J.O.,, Lee, HJ. and
Byun, MW. (2003) Determination of microbial contamination
rolled in dred laver
improvement of shelf-life by gamma irradiation. J. Korean
Soc., Food Sci. Nutr., 32, 991-996

Li, F, Gu, Y. and Chen D. (2000) Study on radiation
preservation of frozen egg liquid. Radation Physics Chem.,
57, 341-343 '

Difco Laboratories. 1984. Difco manual. 10th ed. . Detroit,
Michigan, USA.

SAS. 1989. SAS User's Guide. SAS Institute, Inc, Cary,
NC, USA,

in the process of rice and

399

20. Kwak, TK.,, Kim, SH., Park, S.J., Cho, Y.S. and Choi,

21.

22.

EH. (1996) The improvement of the sanitary production
and distribution practices for packaged meals (Kimbab)
marketed in convenience stores using hazard analysis
critical control point (HACCP) system. J. Fd. Hyg. Safety,
11, 177-187 .
FAOTAEA/WHO Study Group. (1999) High-dose irradiation:
Wholesomeness of food irradiated with doses above 10
kGy. In WHO technical report series 890. World Health
Organization, Geneva. p.49-77.

Lee, JW.,, Seo, JH,, Kim, Y.H, Choi, IM,, Yook, HS,
Ahn, HJ. and Byun, M.W. (2003) Quality properties of
cakes containing gamma-irradiated egg white. J. Korean
Soc. Food. Sci. Nutr, 32, 311-314

(14 20049 79 199, A 20044 89 27%)



