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Abstract

The structural function of three egg membrane layers and cuticle layer, and the effectiveness of 5 film
coatings (chitosan, starch, gelatin, dextrin, mineral oil) on the prevention of Salmonella enteritidis penetration
was investigated using confocal scanning laser microscopy (CSLM). Diameters of outer membrane fibers,
inner membrane fibers and limiting membrane particles in eggshell were 1.5~7.2, 0.8~2.0 and 0.1~1.4 pum,
respectively and average thicknesses were 10.0, 3.5, 3.6 um, respectively. Average thickness of cuticle layer
was 6.0 um and cuticle layer covered 40~80% of total eggshell surface. Average coating films thickness for
chitosan, starch, gelatin, dextrin and mineral oil were 2.2, 2.5, 3.9, 3.6 and 5.0 pm, respectively. After
immersion process eggshell surface was almost completely covered by coating films. Chitosan coating was
most effective among 5 film coatings in inhibiting growth of Salmonella enteritidis. Penetration process of
Salmonella enteritidis through eggshell was investigated by multicolor imaging using CSLM and plate
counting. Cuticle layer was the most important structure in blocking the penetration. Among 5 film coatings,
chitosan showed the best and similar effectiveness with cuticle layer.
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Table 1. Confocal Scanning Laser Microscopy measu-
rements of eggshell membranes and fibers

Layer thickness Fiber/Particle
Structure (1um) diameter (um)
QOuter membrane 8.0~12.3 1.5~7.2
Inner membrane 2.5~4.5 0.8~2.0
Limiting membrane 3.2~39 0.1~1.4

(b)

(c)

Fig. 1. Confocal Scanning Laser Microscopy images of
three layers in eggshell membrane (magnification 63X 10,
scale bar=50 jum). (a) outer membrane (b) inner membrane
(c) limiting membrane
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Table 2. Confocal Scanning Laser Microscopy measure-
ments of cuticle and coating film thickness

Classification Thickness (um)
Cuticle” 5.1~6.9/6.0674-0.371
Chitosan” 1.9~2.4/2.167+0.118"
Starch® 2.2~2.8/2.533+0.146”
Dextrin? 2.0~4.3/3.622+0.430°
Gelatin® 2.0~6.0/3.878+0.797°

Mineral oil” 3.2~6.1/5.022+0.5227

UArea ratio of Cuticle: 40~80%/avg. 60%.

»Area ratio of Films: almost 100%.

*Values (mean-+SD) with different superscripts are significantly
different (P<0.05).
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Fig. 2. Confocal Scanning Laser Microscopy images of
vertical sectioning on cuticle layer at different locations
(magnification 63X 10, scale bar=50 pm). A: outside of
eggshell, B: inside of eggshell, C: pore (arrow)
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Fig. 3. Inhibition of Salmonella enteritidis growth by
different film coatings. Chitosan coating showed no
growth after 24 hr incubation.
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(b)

Fig. 4. Confocal Scanning Laser Microscopy images of
Salmonella enteritidis (arrow) penetration through eggshell
membrane after incubation during 2 hr (magnification
63X10, scale bar=10 pm). (a) outer membrane (b) inner
membrane (c) limiting membrane
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Fig. 5. Salmonella enteritidis penetration across eggshell
during storage at 2°C after drying overnight at 35°C
after various film coatings. ®—@: TSP, O—O: CPC,
w—W: Cuticle, V—<7: Chitosan, B—M: Gelatin, (~{1:
Starch, —¢: Dextrin, O—: Mineral Qil

cuticle 3 ¥Wrle @2 I JRE olE3dd
Starch 3] #-o}| 4] chitosan =] 2 2] ¢} cuticle 202
geole FAE AR w53 AE Hoh FHE
AR 7P B2 5§ Hv}. chitosan 35
2l cuticle 33} ¥l A4S vElfe] 98 4§
FollA] o] wielE WA &adrt A F30t) Lee
S92 chitosan 98 2]z} Alge] M3 = F-A =
o vla] FARE Ayt T cly Ruslge
v, chitosan-2 Salmonellad- %3t ohvel of2] £R{-2)
ol tiste] A4A gHFH| Frie Rt Qo
gk A F2}2] chitosano] F7E-2}2] chitosan ¥ .t} 844
Ho] Fou 2 #F}2] chitosang AME-& of 2 H3}
7} 8 L Ao Rop® chitosano] Wzt ¥

of Ealshe w8 ul§-do] Ale} AP cuticle &
o] A&E Wz} Ho| & vl ¥y ZeE @
et

2 %

& o]-8-3}ed Salmonella enteritidisol 2)
& AR 29 e AR A 33 7=,
cuticle 3 78] 5714 2§ %9 A% Wolan 2
zatslelch G TS fibers] e A7
outer membrane 1.5~7.2 yum, inner membrane 0.8~2.0
ume|%l 3, limiting membraneS FAJ3lE §J2te] %

CSLM 71&&




776

= 0

52 0.1~14 pmolgi o, FA= 77 7 100,
3.5, 3.6 umolic}. P2t A3 ¢l outer membrane
& t}& 29l inner membraned} F-H-A 0 g 3= o]
9131, limiting membrane2] JALE-L vi-$- HA ]
inner membrane¥} 3 Alel 2 &3} t}. Cuticle
2 AA AR ¥94 5 40~80% & H3 g2,
FAe W 6.0 umojgly HE WFE2 Hi FA
+ 7}2} mineral oil 5.0 um, dextrin 3.6 pm, gelatin 3.9
um, starch 2.5 pum, chitosan 2.2 pmo]gich. HE =&
o) 213} Salmonella enteritidis -5 A A A-E A43
A7, chitosane] 7} A#Alolglr}. 28|31 trisodium
phosphate (TSP), cetylpyridinium chloride (CPC) X
2], 5&2 g& o8 xele} Fxel3 AEH
Salmonella enteritidis2 &% F W5 o] #3-&
CSLM-g o]|-£3}o] t}AieodAl3}(multi-color imaging)
o} A7kt Bal F4rofl i plate count2 Bl A
3, e} 35ak 3] debRels cuticle o)
Salmonellazt2] £9-& #lutshed] AR ¢S
Fh= 7o 2 et o n, chitosan B 2o] cuticle 33}
vls=3 AnE Bk ulEpd S8 HEFlA
chitosano] 3 £]4- ulei =i}l cuticle Fo] A&¥ Fzt
FHE v Bsled MY 43 HoE ARG

ZAle| 2

B =Ee RASARe wAYRI)EdTNLA
o A7l X|Ke) 23 AFATe] YR, o]of 7
AR}

g #

1. Bean, N.H,, Griffin, P.M., Goulding, J.S. and Ivey, C.B.:
Foodborne disease outbreaks, S-year summary, 1983-
1987. J. Food Prot, 53, 711-728 (1990)

2. Bean, N.H., Griffin, P.M.: Foodborne disease outbreaks
in United States, 1973-1987: pathogens, vehicles and
trends. J. Food Prot., 53, 804-817 (1990)

3. Food and Drug Administration : Proposed rules-Salmonella
enteritidis in eggs, Federal Register, 63(96), Tuesday, May
19, 27502-27511(1998)

4. Schoeni, J.L., Glass, K.A., McDermott, J.L. and Wong
A.CL.: Growth and penetration of Salmonella enteritidis,
Salmonella  heidelberg and Salmonella typhimurium in
eggs. Int. J. Food Microbiol, 24, 385-396 (1995)

5. Tauxe, R.V.: Salmonella : a postmordern pathogene, J.
Food Prot., 54, 563-568 (1991)

6. Jones, F.T., Rives, D.V, and Carey J.B.: Salmonella con-
tamination in commercial eggs and an egg production
facility. Poult. Sci., 74, 753-757 (1995)

7. Center for Disease Control : Salmonella surveillance.

A Esbake 2] A 31

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A 33 (1999)

Annual summary 1988. CDC, Atlanta, GA, USA (1990)
. Gast, R.K. and Beard, C.W.: Detection and enumeration
of Salmonella enteritidis in fresh and stored eggs laid
by experimentally infected hens. J. Food Prot., 55, 152-
156 (1992)
. Hmmack, T.S., Sherrod, P.S., Bruce, V.R,, June, G.A,,
Satchell, F.B. and Andrews, W.H.: Growth of Salmonella
enteritidis in grade A eggs during prolonged storage.
Poult. Sci,, 72, 373-377 (1993)
Vodovotz, Y., Vittadini, E., Coupland, J., McClements,
D. J. and Chinavhoti, P.: Briging the gap: use of confocal
microscopy in food research. Food Technol., 50(6), 74-82
(1996)
Kim, K.Y., Frank, LF. and Craven, S.E.: Three-dimensional
visualization of Salmonella attachment to poultry skin using
confocal scanning laser microscopy. Letters in Applied
Microbiology, 22, 280-282 (1996)
Caldwell, D.E., Korber, D.R. and Lawrence, J.R.: Imaging
of bacterial cells by fluorescence exclusion using scanning
confocal laser microscopy. J. Microbiol. Meth., 15, 249-
261 (1992)
Hassan, A.N., Frank, 1.F., Farmer, M.A., Schmidt, K.A.
and Shalabi, S.L: Observation of encapsulated lactic
acid bacteria using confocal scanning laser microscopy.
J. Dairy Sci., 78, 2624-2628 (1995)
Caldwell, D.E., Korber, D.R. and Lawrence, J.R.
Confocal laser microscopy and computer image analysis.
In Advance in Microbiol Ecology, Marshall, K.C., (ed.),
Plenum Press, New York, Vol. 12, p. 1-67 (1992)
Wong Liong, J.W., Frank, J.F. and Baily, S.: Visua-
lization of eggshell membranes and their interaction
with Salmonella enteritidis using confocal scanning laser
microscopy. J. Food Prot., 60, 1022-1028 (1997)
Lee, S.H., No, HK. and Jeong, Y.H.: Effect of chitosan
coating on quality of egg during storage (in Korean). J.
Korean Soc. Food Nutr., 25(2), 288-293 (1996)
John M.K. and Catherine De Mulder-Johnston : Edible
films solve problems. Food Technol, 51(2), 60-74 (1997)
Baldwin, E.A., Nisperos, M.O., Hagenmaier, R.D. and
Baker, R.A.: Use of lipids in coatings for food products.
Food Technol., §1(6), 56-64 (1997)
El Ghaouth, A., Arul, J., Ponnampalam, R. and Boulet,
M.: Chitosan coating effect on storability and quality of
fresh strawberries. J. Food Sci., 58, 1618-1620 (1991)
Farag, R.S., Daw, Z., Shallan, M.A. and Ebtesam A.
Mahmoud : Biochemical and microbial studies on the
efficiency of some coating materials for egg preservation.
Int. J. Food Sci. Nutr., 45, 263-273 (1994)
Habn, T.W., Kim, K.Y. and Park, Y.H.: Expression of
green fluorescent protein gene in Salmonella enteritidis
(in Korean). Korean J. veterinary publichealth, 21(4),
415-420 (1997)
Kim, JW. and Slavik, M.F.: Changes in eggshell surface
microstructure after washing with cetylpyridinium chloride
or trisodium phosphate. J. Food Prot, 59, 859-863 (1996)
Tullett, S.G.: Egg shell formation and quality. In Egg
Quality-Current problems and recent advances, Well, R.
G. and Belyavin, C.G. (ed.), Butterworth & Co. Ltd, p.
123-146 (1987)



24.

25.

26.

27.

28.

Confocal MicroscopyE ©] 83t Alghe} Salmonellad 9.3

Powrie, W.D.: Chemistry of eggs and egg products. In
Egg Science & Technology, 2nd ed., Stadelman, W.J.
and Cotterill, O.J. (ed.), The AVI publishing Co., Inc.,
Westport, p. 65-91 (1977)

Tan, C.K., Chen, TW., Chan, H.L. and Ng, LS.: A
scanning and transmission electron microscopic study of
the membranes chicken egg. Histol. Histopathol., 7, 339-
345, (1992)

Haigh, T. and Betts, W.B.: Microbial barrier properties
of hen egg shells. Microbios, 68, 137-146 (1991)
Sparks, N.H.C. and Board, R.G.: Cuticle, shell porosity
and water uptake through hen's eggshells. British Poult.
Sci., 25, 267-276 (1984)

Chang, D.S., Cho, HR., Goo, H.Y. and Choe, W.K.: A
development of food preservative with the waste of crab
processing (in Korean). Bull. Korean Fish. Sco., 22, 70-

29.

30.

31.

777

78 (1989)

Wang, G.H.: Inhibition and inactivation of five species
of foodborne pathogens by chitosan. .J. Food Prot., 55,
916-919 (1992)

Son, Y.M,, Kim, K.O,, Jeon, D.O. and Kyung, K.H.:
The effect of low molecular weight chitosan with and
without other preservative on the characteristics of kimchi
during fermentation (in Korean). Korean J. Food Sci.
Technol., 28, 888-896 (1996)

Kim, K.O., Moon, H.A. and Jeon, D.W.: The effect of
low molecular weight chitosans on the characteristics of
kimchi during fermentation (in Korean). Korean J. Food
Sci. Technol., 27, 420-427 (1995)

(199941 149 18Y A=)



	DS: 
	EW: 


